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CHAP T E R

I

THE RATIO:i~ALE

During a recent seminar on critical thinking at the
University of 11assachusetts/i3oston, I described a wor},shop
I haj developed for faculty in a community college dent~l
hygiene program.

Later that sa~e evening one of the se~inar

participants asked me, " ••• couldn't one assune that by the
time a student reaches the college level -- specifically a
dental hygiene progra~ -- there would not be a need to teach
critical thinkine? 11

Having worked with dental hygiene

students for five years, I knew that this assunption could
not be made.
Raymond ]ickerson cites several reports (Carpenter,
1980, Karplus, 1974, Renner and Lawson, 1973, TomlinsonKeasey, 1972) that support his statement that "A sizable
fraction of high school graduates who are about to e~ter
college are not adequately prepared to do the kind of
thinking their colle ge experience will require of them.
Students frequently get through basic math and science
courses with no more than a superficial understanding of the
concepts and relationships that are central to the subjects
they have studied and without the ability to apply those
concepts and relationships effectively to real world
problems. 111
1

2

Ideally, by the time a student does enter college,
he/she should have developed some good critical thinking
skills.

Perhaps in the future, when elementary, middle and

high schools all teach critical thought, the emphasis

in

college can be directed towards reinforcement rather than
introduction.

California is taking steps toward that goal.

In 1982 a joint publication of the Academic Senates of the
California Community Colleges, the California State Colleges
and the University of California was distributed to every
school in the state.

This publication emphasized that upon

entering college, students should have developed the ability
11

to understand, organize, s ynt hesize, and com.":lunicate

in:'ormation, ideas, and opinions'' and be able to demonstrate
those think ine skills by "writing cor::ipositions, reports,
term papers, and essay examinations."2
It will take ti~e before such ideology is refined and
irnpleme~ted into the secondary education system so that the
effects of it will be witnessed in our colleees.

In the

meantime we need to assess and develop a means for dealing
with the deficiencies of our current college and postgraduate level students.
Paul Connolly, Director of the Bard College Institute
for Writing and Thinking, contends that neither high school
nor college students argue well.

He feels that "much of

what occurs in school fails to evoke and develop students'

3
talents -- and, indeed may work against such development. 11 3
Two problens that have been identified at Bard as the sources
of "poor arguing ability" are:

1) inadequate or inattentive

readin g and listening, and 2) inability to advance inquiry.
Stephen Norris offers systematic evidence which suggests that college students do not perform well on tasks
that are designed to assess critical thinking competence.
Tw o tests that are intended to measure critical thinkinb
ability are the Cornell Critical Thinking Test and the
Watson-Glaser Test.

The Cornell test deteroines whether or

not the examinee has a knowledg e of the principles of
reasoning and their application.

Norris reports that when

a group of undergraduate colle ge students was given the
Cornell Critical Thinking Test, levels X and
scores were fifty-eight percent.

z,

the median

When the Watson-Glaser

Test (desi gned to measure abi~ity to rec ogn ize assumpt ions,
evaluate arguments, and appraise inferences)

was

ad~in-

istered to college students, the results put their median
scores in a ran ge from sixty-five to seventy-five percent.4
Nickerson suggests that a possib:e reason so many
entering college students lack the ability to engage in
the abstract thinking that will be required of them is that
(from a Piagetian perspective) they are stuck at a concreteoperations level of cognitive develop~ent.

Piaget describes

this level of concrete operations in cognitive development
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for children who ar e not yet able to apply their mental
operations to purely verbal, abstract or hypothetical
problems.

He offers a way to bring such students into the

formal-operations stage (which is the cognitive level that
enables an individual to perform mental operations on
· problems other than t hose with concrete, physical
manifestations) through emphasis on student participation,
inquiry, exploration, hypothesis formation and testing.5
In addition to the fact that students are not prepared
for college w~e n they arrive, the research shows that
c o~ventional colle ge curricula do not do anything to remedy
the problem.

In a study conducted by Brovm, Haas, Vost and

West, which was undertaken t o deter ~ine to what extent a
traditional four-year colle ge pro gram enhanced critical
thinking development, the results showed that there were
"no s t atistical differences b e tween the pretest scores
(measu~ed by essay examina tions) of the cluster (freshmen
college students) and control (senior college students)
groups. 11 6

The examiners were surprised because they thought

that some critical thinking skills development would have
occured in four years of college even if those skills were
not specifically addressed in the objectives.
In a study designed to test for a relationship between
active stud ent involvement and level of critical thinking
in t~ose students, Daryl G. Smith determined that as student
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participation, fac ulty encoura gement and use of student
ideas, and peer-to-peer inte raction increased in class so
did the student s' ability and inc l ination to think
critically.7

It is disturbing to note, howe ver, that even

when part of a specific study, the teaching methods incorporated direct student participation less than twenty percent of the class time.

If teachers involve their students

in the learning only twe nty percent of the class time when
obj ectives have been made explicit, one can only wonder
what small percenta ge of active involvement must take place
whe~e there are no objectives for critical thinking.
The very least we can do with re gard to these reports
by teachers is t o rec ognize that there is a need to teach
college stud ents to t hink more critically.

Until we ac-

knowledge this need, it is not likely to be addressed in
ou~ colle ges .

Some of the previously mentioned studies have

indic a ted what thiIL~ing skills need to be ad d ressed.

Skills

that college students seem to be deficient in are evaluation
of and formulation of arguments, recognition of assumptions ,
and appraisal of inferences.

Also in need of improve~ent

is their comprehension, organization, synthesis and communication of ideas and opinions.

But in addition to focusin g

on specific skills, there is the contention among the
experts that there needs to be an emphasis on metacognition.
Fa:kof and I.ioss state that " ••• unless we specifically point

6

it out, most students are unawa re of the t h inking processes
inv olved in f or mulating relationships ..• (they) need to be
consciously aware of 'thinking about their thinking.

111 8

Richard Paul als o s u pports this concept by saying " ••• that
students (and expe r ts) who do the best analyses, syntheses,
and evaluations tend t o do the m mindfully with a clear
sense of their component elements.

So, if the concepts of

critical thinking are presupposed in mindful analysis,
synthesis, and eva l ua t ion, we can best heighten that mindfulness by raising t hose component concepts to a conscious
level."9
In bringing critical t h i nkin g skills to a conscious
leve l in stude nt s, it is i mportant to point out tha t thinking critically is a matter of de gree.

As Richard Paul has

said, "No one is without any critical thinkin g skills, and
no one has them s o ful ly tha t the r e are no areas of his o~
her life and thought in which uncritical thinking is
dominant. 11 10

Certainly learning a list of skills and how to

apply those skills is not enough.

The concept of critical

thinking ne eds to be much broader to encompass the te mpe rament for critical thought.

"One must have the disposition

to think productively and critically about issues, or else
no amount of skill in doing so will be helpful." 11
Norris goes on to describe three requirements that make
up this critical disposition or spirit.

"The first is to

7
employ critical thinking skills in reasoning about situations encountered in the world.

The second requirement is

that critical thinking must be turned upon itself, that is,
to thi!L1{ critically about one's own thinking ...

Finally,

there must be a disposition to act in accord with the
dictates of critical thought. 11 12
Seigel's paper, "Critical Thinking as an Educational
Ideal," goes beyond the desire to instill a disposition and
provide a means for better thinking.

He argues that it is a

moral obligation to teach in the "critical spirit."

This

conclusion follows an argument which states that to conduct
our interpers onal affairs morally, we must respect other
people.

The inclusion of students would obli gate us to

treat them with respect.

What does Siegel mean by respect?

He does define respect as "Among other things it means
rec og nizing the student's right to question, to challenge,
and to demand reasons and justifications for what is being

taught ••• involves recognizing the student's right to
exercise his or her indepe~dent jud gement and powers of
evaluation ••• to be honest with them.

To deceive, indoc-

trinate, or otherwise fool students into believing anything,
even if it is true, is to fail to treat them with
respect. 11 13
But where does one begin to organize and work toward
such a monumental goal?

Richard Paul suggests that lower
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order thinking skills are a good place to begin and work
toward a higher order critical mind.

"If we understand

speaking and writing as constructing a point of view,
developing ideas in some lo gical relation to each other,
a~d listening and reading, as entering into someone else's
point of view, into his or her organization of ideas, then
we are in a better position to grasp how the teaching of
basic academic competencies ought to be understood as
incipient higher order thin.~ing skills. 11 14
Also, to know where to begin, it is necessary to look
at who the students are.

The students in the health science

programs at the co::i.~u21 ity college level are predominately
women.

There are a wide rang e of circumsta~ces that bring

them to enroll in such programs.

Some are middle-aged women

who, after having raised families, are seeking a satisfying
career.

Other students come to us after having completed

baccalaureate progra~s in other areas, -- again for career
purposes.

But by far, the majority of our students are

recent high school graduates.

These students have opted for

a two-year, associate degree program over the more traditional liberal arts four year college program.

The stand-

ards for being accepted into the program are declining due
to a diminishing number of applicants.

As the academic

records of incoming students become more ''average," the
teachers are faced with what one community college instructor

9
calls "under-prepared students."

John Chaffee of La Guardia

Com!'l1U!1ity Colle ge says, "Students cannot learn to write or
compute well if the y don't first know how to think. 11 15
The dental hyg iene program c onsists of specific required didactic and lab cou~ses in addition to clinical work
with patients.
format.

Al l of the didactic courses are of a lecture

Time is spent almost exclusively on providing what

Ennis refers to a s "banks of soon-to-be-forgotten facts."
The focus has been on providing information for the students.
This is followed by complaints that they cannot apply the
information or make jud gment s about it.

When I described

my project to develo p a means for teach ing critical thinking
t hr ou gh a dent al hyg iene curri culum t o a graduate of many
years, she was in awe.

She wondered how there could possi-

bly be ro om for critical thinking whe n t here is so much
kn owl edge t o ga t her in such a sr ort amount of time.
what is knowled ge?

But

For facts or information to bec ome

knowledge, they must be thou ght about, not merely memorized.
Rich a rd Paul has said, "Knowled ge, ri ghtly understood, is
viewed as a disti nc t i ve constru ction by the learner, s omething that issues out of a rational use of mental
processes. 11 16

We, in the health science fields, need to get

away from the administration and memorization of facts.
Daryl Smith sug gested, in his study with college students,
that a decline in critical thinking could actually result
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from an emphasis on mem o~ization and a lack of practice.17
We have fallen int o what ItcP eck describes as " ••• specific
subject-oriented courses permitting information and
aut ~orit y to r ul e i n the place o~ reas on, and where autho~ity rei gns unrefl ective obe dien ce will follo w.

Critical

thinking , by contrast, requires knowledge of the reasons
that lie behind the putative facts and various voices of
authority. 11 18
It is exact l y t his "unreflective obedience" in our
students that disturbs us the most.

Norris describes a

ps ycholo gical expe ri~e nt, (Mil grarn , 1963 ) with fri ghtening
resu l t s , that e~phas i zes how dane erous this submiss i on to
authori ty can be.

A mock situation was set up in which an

actor, unbeknown to t he subject, was placed in an enclosed
room wit h electrodes attached to him.

The subject sat out-

side t he r ooI at a c ont r ol panel , which wou~d su pposedly
administer increasingl y hi gher volta ges o~ electricity to
the "actor."

It was t he sub j ect's responsibility to

administer t h e punishn1ent of electric shock when the "actor"
answered a question inc orrectly .

The ex perimenter (voice o~

authority) remained with the subject to encourage, or
rather demand, the use of increasingly higher voltage.

The

study was designed to determine the de gree to which people
would allow their commitment to authority to override their
competing moral principles.

The resu l ts were devastating :
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'' ••• only fourteen out of the forty subjects defied the
experimenter's order and refused to carry the experiment to
the end.

The remaining twenty-six subjects continued until

the maximum sock of four hundred and fifty volts was
adrninistered."19
This experiment reminds me of a situation that involved
a graduate dental hygienist.

This woman had successfully

completed our program, graduated from our college, and passed
both National and No rtheast Regional Board Examinations.
She clearly had the "knowled ge'' that radiation had harmful
effects and was familiar with available safety precautions.
Yet when her employer (a dentist) instructed her to stay in
the ro om with the pat ients during x-ray exposure, she did
just that.

Somehow her commitment to authority overrode

her knowledge of what was in her best interest.
An exa~ple such as this makes me wonder how often
students who have been "taught" of the hazards o~ and safety
measures for the use of radiation disregard their knowledge
to obey an employer.

Consenting to authority can override

a knowledge that the use of outdated x-ray equipment may be
unsafe for the patient.

A dental hygienist may disregard

his/her judgment of what is dangerous and accept the judgment of a dentist because a dentist has had more "education."
I recently witnessed another example of blind obedience
in one of our students.

During a geriatric rotation to a
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nursing home a dental hygiene student was asked to work with
a dental student to perform an intraoral examination on a
patient.

The dental hygiene student hesitated to do the

exam until the mouth mirror had been delivered to her.

The

impatient dental student, who was her partner, told her to
go ahead,
exam."

"One doesn't need a mouth mirror to do an oral

Even though she knew that she could do a more

thorough job with the mirror, she conceded to the voice of
authority and performed the exam without the mirror.

Later

when I questioned her about this, she explained that she
did know better, but assumed the dental student knew best.
Why are our students so unsure of the knowledge and

information they possess?

I believe it is because they

have neither been encouraged to seek reasons for information nor expected to provide justification for their
actions.
Richard Paul blames twin obstacles for the lack of
development of rational learning:

"l) being told, and

coming to expect to be told, what to believe (belief
inculcation); and 2) being told, and coming to expect to
be told, precisely what to do (the over-proceduralization
of thought).

Together they fatally undermine independence

of thought. 11 20
I see this happening in our clinical setting.

Students

become so accusto~ed to being told what to do that they do
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not think for the~selves when expected to do so.

Students

consistently approach the ir clinical instructors with racks
of recently developed x-rays to be evaluated.

Although the

students have the knowled ge required to determine whether
or not a radio graph has ade quate dia enostic value, they
usually rely on their instructors to decide which films
need to be retaken.

Too often the instructors are willing

to provide this judg ment for the students.
I talked with several of our clinical instructors
about these and other issues.

We all agreed that there is

a lack of indepe nd ent th ou ght on the part of our students.
An other issue th a t ar ose, which disturbed several
instructcrs, was tte lac k of curiosity in the students.
They cited several exaDples of individual students showing
no desire to disccver the cause or reason for a particular
phenone~on.

It was a unanirious decision ttat our me t hods of

teaching were reinforcing this ty pe of behavior in our
students.

The department as a whole wants to look at our

dental hygiene curriculum and develop ways to help our
students think more critically.

They feel, however, th at

accreditation requirements and rigid behavioral objective
style of teaching are obstacles that need to be overcome.
I believe that we can work within these "boundaries"
of accreditation standards and behavioral objectives.
most significant change in the classroom will be in

The

1~

pedagogy.

I agree with Siegel's view that '' ••• perhaps most

significant are the connections between critical thought and
the manner of teaching -- the critical manner.u21

Rather

than focusing on the elimination of information provided in
the classroom, we should view it as a shift in responsibilities.

Students will be responsible for the gathering of

facts, information, etc. and the teacher will be more
responsible for helping the student to think about and use
the material.

In this way, there should be no significant

loss in content; and there would be an increase in knowledge.
Certainly, accreditation requirements could still be met.
I do not view the use of objectives as restrictive.
They can be rewritten to include a demonstration of the use
of critical thinking within the subject content.

We should

view the objectives as a tool for evaluating the effectiveness of our new methods and philosophy.
My goal is to create a curriculum that will provide an
example of this.

Encompassed within a specific dental

hygiene course will be metacognition, practice with
specific critical thinking skills, and encouragement of a
critical and inquisitive spirit.

15
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CH APTER

II

TBL CO~ITRCVERSY

There are two distinct positions as to how to
implement the concept of critical thinking into a curriculu~ .
These oppos ing arguments are 1) to teach critical thinkinb
as a separate c ourse, usin g no particular subject as a
vehicle with the expectation that the students will transfer
learned skills to various disciplines; and 2) to teach
critical thinking by infusing pertinent skills into an
already existing curriculum.
This chapter will first describe what various experts,
namel y, Ennis, McPe ck , Norris. and Sternberg, are saying and
relate their positions to the basic question of how to
implement critical thinking into a curriculum.

The second

section of this chapter will examine the differences in what
these authors believe and will discuss the cont roversy that
their differing opinions create.

Lastly, I will propose

what I believe to be the most rational approach for teaching
students to think critically.
Robert H, Ennis
In his paper on the assessment of critical thinking in
the fourth gradel, Robert Ennis defines critical thinking as:

17

18
"the reflective and reasonable thinking that is focused on
deciding what to believe or do. 11

In another paper, he

ana l yzes the concept of critical thinking and explains it
this way:

11

As a root notion critical thinking is taken to

be the correct assessing of statements. 11 2

He provides a

list of twelve spec i fic ways to prevent errors when assessing statements.

He makes a point of saying

11

The exclusion

of other i~portant kinds of thinking ••• from this basic
concept of critical thinking does not imply that the others
are unimportant, nor does it imply that they are separable
from its practice. 11 3
Ennis go e s on t o differe ntiate three dimensions of
critic a l think ing :

1) the Log ical Dimens i on that judges

alle ged relationships betwe en meanings of words and statements; 2) the Criterial Dimension that covers knowledge of
the criteria for judg ing statements; and 3) the Pra gmatic
Dimension t ha t pr ovides f o r .the i~pression of the background

purpose of a jud gement and for determining whether a statement
is good enough for the purpose.4
When he wrote his paper on the concept of critical
thinking, Ennis had not yet made a judgement as to what would
be the best mode for presenting critical thinking to the
students.

He openly questions what the appropriate age of

stude nts would be for mastering various aspects, criteria,
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and dimensions of critical thinking.

And he asks:

"We

need to know in wha t curriculum patterns the aspects and/or
dimensions are most effectively presented.

Should the y be

inte grated into ex isting courses or presented in a separate
course?

If inte grated, which courses should be the

vehicles?

Or should all courses be involved, since

critical thinking is needed in all areas? 11 5 In a later
argument he answers his own question by explaining that the
choice should be made for practical reasons.

He would make

elementary sch ools his first cho ice because "one teacher
gene rally has c ont r ol over most of the subject matter •••
A principle t hat is intr od uced in one s ub ject or activity

coul d t hen be a ppl i ed in ot he r areas unde r the guidance of
the same person. 11 6

The secondary level, as he explains it,

would find difficult y in adding a separate course in
cr i tical t hinki ng becau s e of t he alr e ad y exi s ting r e quirements.

Ennis's recommendation for that level is to incor-

porate critical thinking into one or two of the already
existing courses.

His concept is based on the idea that it

would be better t o have one ce ntralized course where
students would learn the principles and may then transfer
them to other areas, than to have each teacher of every
subject be presenting the same principles.

Re does concede

that" •.• we cannot expect complete transferable learning •••
to occur from this one central course. 11 7
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Ennis predicts that when primary and secondary schools
provi de adequate training in critical thinking, the need
for a separate course in thinking at the college level will
diminish and the e mphasis in college will be on thinking
skills within specific subject areas.

But until that time,

he recommends a separate critical thinking course for
college students.
It is apparent from this discussion that Ennis believes
there are some funda mental critical thinking skills that can
be applied to many subjects.

In his article, "Critical

Thinking and the Curriculum," he provides four concrete
examples:

conflict of interest; strawperson fallacy;

denial of the consequent; and abilit y of a
explain or help to explain facts.

hypothesis to

He claims that "These

four principles show that there are elements of critical
t h ink ing that are ge neral and t hat bridge subjects. 11 8
Because of these beliefs, it is Robert Ennis's contention that critical thinking may be taught separately,
within a specific course, or both.

John E. McPeck
John McPeck uses the term reflective skepticism to
describe critical thinking.

It is this "suspension of

assent toward a given statement, established norm or mode
of doing things 11 9 that allows a person to consider
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alternative hypotheses and possibilities.
to say

11

•••

McPeck goes on

knowin g how and when to apply this reflective

skepticism effectively requires, among other things, knowing
something about the field in question. 11 10
point that McPeck foc uses his argument.

It is on this

He believes that

if a person demonstrates critical thinking ability in one
area, there is no reason to expect that individual to
express that ability in any other area.

It is the in depth

knowledge of the s ubject that enables one to think
critically rather than possession of a general critical
thinking abilit y .

"There is n o set of supervening skills

that can replace basic knowled ge of the field in question. 11 11
Thus, judging from his even more ex plicit statements:
" ••• there is no universal s kill pro perly called critical
thinking ••• 11 12 and " ••• skills, like critical thinking in
gener al are pa rasitic upon de tailed know l ed ge of, and
experience in, parent fields and pr oblem areas. 11 13

McPeck

does not believe in the generality and, consequently, the
ability to transfer critical thinking skills.
goes as far as to say:

In fact, he

" ••• the core ingredient of critical

thinking is foundational knowledge which is epistemology. 11 14
Not only does McPeck view critical thinking as subject
specific and dependent, but he also emphasizes that the
ability to think critically is not enough:

"One must also

develop the disposition to use the (critical thinking)
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skills. 111 5
McPeck envisions the way to encourage this disposition
and develop critical thinking skills in a subject area by
replacing the current emphasis on facts and skills with the
understanding of their justification.

"Critical thinking •••

requires knowledge of the reasons that lie behind the
putative facts and various voices of authority. 11 16
It is John McPeck's firm belief that critical thinking
must be ta~ gh t and fostered within specific subject matter.
It cannot stand alone as a separate course from which
skills will be transferred because every subject requires
very specific skills.
states:

Towards the end of his text McPeck

"The re is no defensible justification for con-

structing courses in reasoning and critical thinking in
isolation fro:n specific areas. 11 17
Stephen P, Norris
In his paper, "The Choice of Standard Conditions in
Defining Critical Thinking Competence," Stephen P. Norris
avoids defining critical thinking.

As a matter of fact,

this is an area for which he praises John McPeck:

"McPeck

has done a service in pointing out that critical thinking
ability cannot be properly described by definitional
fiat. 11 18

The closest Norris comes to defining critical

thinking is in his scientific investigation into what
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reasoning is.

He stresses t hat to denote the term

reasonin g , one mus t cons id er an indispensable intentional
element.

"The point is that no informed decision about the

refere nt of 'reas oning ' can be made without detailed knowledge of the und er lying na ture of what we currently, prescientifically, refer to as 'reasoning', and without examining
the interests and intentions we are attempting to meet. 11 19
Throu gh out his paper, Norris uses the conce pt of deductive
reasoning as ana l ogous to critical think ing .

He uses this

aspect of critical thinxing because it is an area in which
a si gnificant amount of anal ysis and research has been
done.

He states "··· what I s ay ab out deductive logical

compe te nce could be s aid about the whole of critical
thinking ••• 11 20
The role of Norris's paper is not so much to provide
ano ther conce pt of critical thinking , but to exa~ine the
current controversy brought about by the philosophies of
Ennis and McPeck.

Through analysis of the controversy, he

hopes t o for m a res olution to direct efforts in the field of
critical thinking .
Norris identified the core of the issue to be whether
or not critical thinking skills can or cannot be
generalized.

He does begin by offering his own opinion:

"I believe that at some level of analysis human abilities
have to be transfer2ble competencies. 11 21

He uses an analo gy
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generalized.

He c oncludes by summarizing:

"Yet, given our

lack of detailed knowledge of reasoning , it is quite
reasonable to maintain that failure to find reasoning
abilities which cut acr oss subjects and contexts is due
only t o our inability t o identify and instantiate the required set of standard conditions. 11 29

And as far as

practical educational application of philosophical theory
is concerned, Norris believes "Ennis's guidelines and
conce pti ons are a ppropriate t o the interests of educators,
and should not be discarded, leaving nothing of comparable
qua l ity t o take t heir place. 11 30
Sternbe r g
It was Norris's di s cussion of standard conditions that
led me to look at Sternberg's triarchic theory of
i ntell i genc e.

Thi s t he ory does not attenpt to answe r the

question of the generality of critical thinking sl~ills, but
provides a sound basis for some research on the subject.
Norris has said "Our current knowled ge is meagre, so that it
can lead only to highly ambiguous conclusions."

Norris con-

cludes, "At present, agnosticism is probably the best
scientific stance."

It may be argued that until scientific

investigation has yielded evidence, we cannot know whether
critical thinking skills are or are not transferable.
Sternberg believes the best way to test for the ability
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of transfer is to provide abstract problems for test takers
to measure their logical competence.

Sternberg argues that

data (linguistic and personal bias and belief factors;
content/context) tells us that people use their knowledge
of the world to supplement logical competence,31

Thus, to

get a true measure of an individual's logical competence,
the test should remove the element of knowledge by
describing relatively novel everyday problems.32
According t o Sternberg 's triarchic theory, to understand and assess thinking skills we need to examine three
aspects or the "triarchy " of intelligence.
aspects are:

1) Me~ta J processes and reorese ntations that

ur,derlie thinY.in£.
three kinds:

The three

These pr oce sses can be divided into

a) Metacomponent or executive processes

(planning what to do , monitoring it while it is being done,
and evaluatine it after it is conpleted).

b) Perforrr.ance

components or nonexecutive processes (used to carry out
the instructions of the metacomponents - they actually
solve the problem).

c) Knowledge - acquisition components

are lower order processes (used to learn what to do in the
first place).33

2) The relative degrees of fa miliarity of

the tasks or situations to which these processes and representations are applied.

Sternberg states:

"Assessment of

thinking is probably most useful when the problems to which
the processes are applied are relatively, but not wholly,
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nove1. 11 34

He feels that in order to test for thinking

ability t he challenge of the problem needs to be in the
components of thou ght rather than the knowledge that needs
to be br ought to be a r upon the problem.35

3) The real-

world contexts to which the processes and representations

are

applied to tasks

familiarity.

and

situations of varying degrees of

This obviously tests for transfer because it

is providing "problems that in some way measure the ability
of the child t o apply thinking skills in his or her
everyday life. 11 36
It is a pparent fr oo state men ts made in describing his
triarchic theory of i ntelligence that Sternberg does not
consider critical t~inking to be subje ct specific.

He

seeks to remove the knowledge component from problems to
get a finer look at the thinking component.

Also, his

belief of the generality or transferability of thinki ng
skills is made clear when he express es tr!e desire to use
problems that are relatively but not wholly novel in
testing students for competency .
Discussion
Separately, both Ennis's and McPeck's concepts of
critical thinking seem plausible.

But after studying both,

one must concede that they cannot both be correct.

The

idea of one centralized critical thinking course with

transference to various subjects contradicts McPeck's
notion that critical thinking is subject specific and must
be taught within a given subject matter.

It is necessary,

then, to take a closer look to deter~ine the weaknesses, if
any, in each argument.
Initially, because McPeck made an issue of Ennis's
definition of critical thinking being wrong,37 I considered
the difference in the definitions of critical thinking to
be the root of the controversy, but I see now that it is not.
The discrepancy in the definitions is not so much a matter
of disagreement as it is a misinterpretation by McPeck of
Ennis's definition in A Conce pt of Critical Thinking.
McPeck takes Ennis's definition of critical thinking as
"the correct assessment of statements" very literally.

I

believe Ennis meant this definition to be only a single
component of critical thinking .

Surely Ennis conceives of

a broader picture t han simply assessing statements.

He too

would agree that thoughts and actions often need to be
analyzed critically.

In his paper on "Assessment of Critical

Thinking in the Fourth Grade," Ennis offers another definition:

"Critical thinking is reflective and reasonable

thinking that is focused on deciding what to believe or do."
Norris supports my belief when he says:

"Ennis's conception

of deductive logical competence is indeed quite broad."
Deductive logic is yet another area of thinking critically
that Ennis has addressed.
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The real confl ict, h oweve r, in this controversy is in
wh et he r or not critical thinking s kills can be generali zed.
If yes, t hen Ennis is c orrect -- general s kills could be
learned and transferred from one area t o another.
then McPec k wou ld be correct.

If no,

If critical thinking cannot

be generalized, we cannot teac h for transfer, but only
within a specific subject.

Unfortunately, research has not

yet answered t his question; and as Norris has pointed out,
b oth Ennis and McPeck have mad e the mistake of stak ine a
claim wi thout "suffici ently rig ourous" or "scientific"
evidence.38

Howe ve r , it is interesting to note how dif-

ferentl y each projects his cla i~.

McPeck very dogmatically

pr onounc e s t ha t " ••• critic al t t inking does n ot denote a
generalized s kill. 11 39
suggests:

Whereas, Ennis, with less severity,

" ••• s ome of t he principles of critical thinking

are mor e e a s i l y ge neralized (le s s d omai n specific) than
ot hers. 11 40

And from the re, Ennis goes on to give specific

examp les of principles that can bridge subjects (i.e., conflict of interest; strawp erson fallacy; denying the consequence; and the ab ility of a hypot hesis t o help explain the
facts).
Ennis disputes McPeck's logic in his famous claim (that
"Thinking is always thinking about something ••• "41
critical thinking is subject specific.

Thus

So critical thinking

instruction must take place wi t hin subject-matter areas, the
disciplines.") on the grounds ttat t h e argument exploits the

31
ambiguity of the word subject.42

But I would argue that in

addi tion to tr.at a ~biguity, it does not logically follow
that because one must think about somethi ng that the skills
used in think ing about that subject cannot be used with
other subjects.
In fact, on a practical level, one could support the
hypothesis of generalization and transfer of critical thinking skills.

A simple example mieht b e in the reading of

En:r..is's general principles of critical thinki.ne .43

Ennis

describes the principle of the "strawperson fallacy" as a
mistake to misdescribe a person's position, and then attac k
the position as if it actually were the person's position -he goes on to give exa~ples t o ma ke its a pp lication clear.
I later found myself identifying this fallac y in lfoPeck' s
text -- (a completely differe nt context fr om how it was
explain ed t o me ).

J,;c Pe ck c ond e mn s one of Ennis 's di me n-

sions of critical t hink ing.
Ennis's criterial dimens ion:

1,·1cPeck uses the example of
" ••• clearly links specialized

(field-dependent) knowledge with the concept of critical
t hi nking itself." and then builds his argume nt about critical thinking being non-generalizable from there.

Whereas,

it is wrong for him to "assume" Ennis denies the need for
knowledge of a field in critical thinking.
can be quoted as saying

11

•••

In fact, Ennis

I am firmly convinced that a

thorou gh knowledge of the subject about which one is t h inking
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is ess ential for critical thinking ••• 11 41+
Furthe r rr C">:re, Enr.is does not claim that critical thinking sh ould not be part of subject matter instruction.

He

only challengEs the conte ntion ttat it is the only way to
address critical t hinv.i ng .
It is also of interest to consider that if Sternberg is
able to achieve his goal -- (which is to remove the distractions of knowledge from test questions -- providing
"abstract" pr oblems to which students can apply their
critical thinking ) and the students are able to provide
answers denonstrating critical t h inking skills, then
critical thiru: ing can be removed from specific contexts and
general ized .
Based on the curre nt literature, it is fair to say
that no one t heo r y has be en proven or dis proven.

It seems

reas onable , tr.en, t o assume that the re are some general
critical t hi nki ng s kills that can be transferred to various
subjects.

Our knowledge in other fields would indicate

that this posit ion may be true.

In this light I draw upon

one of Ennis's an2.logies betwe en critical thinking skills
and writing and math skills.

"The principles of writing

sentences and paragraphs and computing and comparing percentages are clearly not limited to the domains in which
they were taught to me.

Is there any reason to think that

it is different for critical thinking? 11 45'

Believing that
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some thinking skills are general is not to say that certain
fie ld s of knowled ge may not require specific skills unto
themselves, but that there are some fundamental skills which
extend into all areas of study .
I believe th at the ideal way to communicate critical
thinking skills would be to include in a curriculum both a
centralized area for emphasizing the basic principles of
critical thinking and the infusion of those skills into
existin£ course work .

The advantage of a specific critical

t hi nking course would be to hel p students focus their attention and under stand what is trying to be achieved.

With

a "prepa red" mind t hey would be mor e receptive to thinking
skill development in other sub jects.

It would be necessary

for all teac hers to be trained in critical thinking skills
tc help t hem coord inat e t he desired goals and allow for
better infusion of those skills into the class work.
The ideal and the real world often have trouble coinciding.

It would be practical at this point in the re-

search to emphasize the infusion of critical thinking skills
into some of the existing curricula, rather than intr oducing
a separate critical thinking course.
reasons.

I say this for three

First, most experts in the field of critical

thinking would support this mode of instruction.

Second,

it would be more practical in most school systems to work
within the current fra~ew ork than to try to add more courses.
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Third, it would be more efficient for the students to be
using required cou rse content as a vehicle for developing
their critical thinking s k ills.
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CH APTER
THE

III

APPLICATIONS

The intent of this chapter is to review the available
literature on teaching critic~l thin.king in colleges and
one post graduate pror ra~.

In exa~ining the literature, it

has not been evident that there are cognitive needs specific
only to college/adult students.

Some psychologists would

consider the colle ge student to be in the same cognitive
sta ge as an adolescent student.

This theory is based on

Piaget's studies with children.

Piaget believed that by

the time a child is fifteen o~ so, he/she should have all
the c cgnitive stru ctures ne cessary t o do the most intellectually challengins tasks.

He called this culmination

of intellectual development The Formal Operational Period.
The Formal Operational Stage includes both adolescents and
adults.

There is, however, opposition to this theory.

Arlin, Greenfield, and Riegel each believes that the adult
population re quires new conceptualizations of mature intellectual functioning.I

It is reasonable to assume that the

use of methods and materials developed for high school
students could be applicable to college students.

However,

I still see a value in examining how critical thinking is
being taught in college, not to isolate college curricula
from pre-college curricula, but to establish the need of

38

39
critical t hinking in this population and encourage its use
among colle ge instruct ors.
One practical consid e ration that does separate college
students fro m pre -c olle ge students is the structure of a
colle ge progr a~ .

In a field such as dental hygiene, there

is little room to add courses to t he curriculum.

In the

existing courses the need for conceptual knowledge has to
be addressed.

The met hods f or teaching critical thinking

cannot ignore the content.
The colle ge curricula I intend to include in this discussion are cho sen fr om a wide spectrun of fields.

I will

be gin with the i rrp lementat ion of critical thinking in
libera l arts pr ogr~~s and wor k t owa rd more career specific
programs.
Calif ornia' s St a te Unive rsity Reauirement
In 1982 t he Calif or nia State University sy stem took a
giant step into the field of critical thinking.

It estab-

lished a requirement for its undergraduates (300,000
students on ninetee~ campuses) to take at least nine
semester units in "Communication in the English Language,"
of which part must be critical thinking.2
This California State University Chancellor's Office
Executive Order ( #338 ) defines critical thinking as follov,s:
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"Instruction in critical thinking is to be
designed to achieve an understanding of
the relationship of language to logic,
which should lead to the ability to
analyze, criticize, and advocate ideas,
to reason inductively and deductively,
and to reach factual or judgemental
conclusions based on sound inference
drawn fr om unambiguous statements of
knowledge or belief. The minimal competence to be expected at the successful
conclusion of instruction in critical
thinking should be the ability to distinguish fact from judgement, belief from
knowled ge, and skills in elementary
inductive and deductive processes,
including an understanding of the formal
and informal fallacies of language and
thought. 11 3
This goal is progressive and well defined, however the
California State University system is so large that monitoring and i ~plementing t he order to achieve the goal has
been difficult.

Perry Weddle, professor of philosophy at

Sacramento State University, says "each campus of the nineteen has a degree of autonor.iy in interpreting 338. 11 4

At

Sacramento State University there are several courses

offered that would satisfy the state's critical thinking
req uirement.

In their philosophy department there is a

course called "Logic, Critical Thinking."

The sociology

department offers "Sense and Nonsense in Social Research."
Other departments that have designed courses to include
critical thinking skills are history, psychology and
English, which offers "The Argumentative Essay."

The

student thus has considerable choice, depending upon
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his/her area of interest.
Other California state cclleges have interpreted the
implementation of critic~l thinking skills courses much
more loosely.

At Chico State Collere the only course

offered which fuJ..fills the requirement is the philosophy
department's for ~a l logic course.

Fresno State College

offers no critical thinking courses.

Their interpretation

of the order des ignates any general education academic
course as acceptable.
There is a proble~ also with students transferring
from California's ccrr~1unity colleges into the universities.
Weddle has expre ss ed that "The comnmnity colleges, with
the exception of philospr..y pe opl e (anc only half of them)
have no idea what a reasoning course should do, yet they
are implementing them by the score, and transferring their
students int o the California State University with the
critical thinking requirement met. 11 5
Professor Weddle was not able to describe the exact
content or the methods of how the various courses teach
critical thinkin g skills.

He has repeatedly requested

such information from the various departments, but to no
avail.

He does stress the tremendous need for some

continuity among the colleges.

The faculty is very unsure

of what to do with this requirement.

It is Weddle's feel-

ing that California needs a master's program such as the
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Critical and Creative Thinkins Program at the University
of Massachusetts in Bosten.

Teachers and administrators

themselves need courses in the area of critical thinking
to help tterr. better understand the skills to be addressed
and develop a manr1er in which to present those skills.
Barj College I s Institute f or V/ri tinf ano ThinJ:inc

Some of the faculty at Bard College, Institute for
Vl ri ting arid Thinking , are training teachers to teach
critical thinking.

Tc date, they have offered two work-

shops for high scr. c -:: 1 and col lege teachers on "'Ihe Teaching
of Critical. Inq'.liry. 11 6
Bard 's co"J.rse f or teac he rs on "Teachinc Argune::1t
through Writing" was divided into seven workshops and a
pre-workshop session.

The Pre-v;orkshop and Workshop I are

of a ~etacognitive n&t"J.re.

The workshop's leader has the

responsibility for introducine and defining some of the
language and concepts that will be used throughout the
weekend conference.

Bard is focusin g on the concepts of

"comr:ur:.ity of discourse," "cor::.munity of inquiry," and distinguishing between "linear" and "dialectical" arguments.
After a brief discussion, the participants are asked to do
some free-writing for themselves.

The workshop leaders

then share some writing from a chosen text, to allow the
teachers to share expectations and identify pedagogic

assumptions that will be examined throughout the weekend.
Workshop II focuses on resolving two confrontational
arguments that have a dialectical structure.

This resolu-

tion is accomplished through the development of a third
argument that will be written by the participants.
Workshop III concentrates on "invention heuristics''
which will help the participants explore the textual issues
with which they are working.

This workshop's goal is to

create a co~cise statement of the writer's position on the
texts and on their relationship to one another.
Workshop IV is another writing period, beginning with
creating metaphors and analogies.

These analogies will be

incorpo~ated into an essay by each participant.

The fifth

workshop plans to use t~ese essays to discuss the validatio~ of arguments.

Small groups will focus on each parti-

cipant's argument (essay ) to "enrich the author's sense of
what is pro"blematic"7 with his/her written work.

Workshop

V also uses the previously composed essay to discuss "believing and doubting."

The workshop leader will instruct

particpants to ask therJselves, "In what ways does this
piece of writing extend your thinking and/or challenge your
thinking?"8
The last workshop (Workshop VI) is intended to be

a

roundtable evaluation of the practical problems of implementing the methods that were used in the workshops into

the teachers• own classrooms.
When the participants were asked to describe what they
had gained personally and professionally for their students
from the workshops, some of their responses were:
" ••• clearer sense of the process of inquiry;" '' ••• great
awareness of my own process in developing an argument;"
'' ••• useful emphasis on independent research by students;"
anj

" ••• the

generative possibility of argument."

After

having participated in a workshop themselves, these
teachers had a clearer idea of how to implement methods
that would develop thinking skills in their students
through writing.

Teachers in other colleges have likened

writing to problem solving:
"Writing is among the most complex of all
human mental activities ••• the writer
must produce an organized set of ideas
for a paper by selecting and arranging a
manageable number of concepts and relations from a vast body of knowledge and
fit what they know to the needs of another person, a reader, and to the constraints of formal prose. 11 9
When Carol B. Olson presents a workshop on thinking and
writing , she uses a tool with which most teachers are
familiar, Bloom's Taxonomy of Educational Objectives, as a
point of departure because " ••• all of Bloom's categories
in the cognitive domain -- knowledge, comprehension, application, analysis, synthesis, evaluation -- are integral to
composing. 11 10
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Cr :t ical ThinkinP Studies with College Students
Leonard Gibbs, Associate Professor of Social Work at
the University of Wisconsin - Eau Claire, is working at
implementing critical thinking skills into a curriculum on
social work.

He expresses the need for a graduate program

in critical thinking for teachers in Wisconsin.

Professor

Gibbs feels there is a need to substantiate the effectiveness of teaching for critical thinking skills through
college curricula.

He is particularly interested in a

"randomized trial that evaluates some procedure for teaching critical thinking against the effectiveness of control
or alternate proced:1re. 11 ll
There have been some interesting studies done with
college students in the area of critical thinking skills
development.

Daryl G. Snith, Professor of Psychology at

Scripps College in Cal ifornia, conducted a study with
teachers and students at a small liberal arts college.
There were twelve classes to be evaluated, evenly divided
among the humanities, social sciences and natural sciences.
The goal of the study was to determine the relationship
between specific classroom behavior and critical thinking.
The hypothesis Smith was testing was that "the greater the
degree of active student involvement and the higher the
levels of questioning and student participation, the
greater the change in or level of critical thinking."12
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The results of Smith's research did show that student participation, faculty encouragement and use of student ideas
and peer-to-peer interaction emerged as positively related
to change in critical thinking be~aviors as measured by
the Watson-Glaser Critical Thinking Appraisal and the
Chickering behavioral self report index.

Smith suggests

that "Efforts at student involvement, then, might be encouraged not only for the sake of student contentment, but
for cognitive benefits as we11. 11 13
Charles H. Logan, Professor of Sociology at the
University of Connecticut, conducted a study involving
college sociology students.

The intent of his study was

to determine whether or not students farther along in the
"normal" curriculum of a sociology department would be:
11

1) more spontaneously inclined to
critically analyze the form and logic
of statements dealine with social
issues, even when not instructed to
do so; and 2) better able to adequately criticize such statements when
they ar~ specifically instructed to ·
do so. 11 1 4

As part of the study an experirr.ental critical thinking
class was taught with very little emphasis on traditional
sociology subject matter,

In this experimental group, most

of the class time was spent discussing issues such as the
meaning of objectivity, scientific method, and critical
thinking and their application to thinking about social
issues.

Materials chosen for discussion were taken from
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controversial curr ent events that had significant social
impact.

The professor of the course did not lecture, but

would "think critically out loud" to provide an example for
the students.

Ti~e was also spent trying to develop a

willingness on the part of the students to apply these
critical thinkin g methods.
After studying results fr oc the control and experimental groups, Logan determined that "the highest scores
and the greatest differences revolved around just one
semester of a course known to have been specifically aimed
at teaching students to think more scientifically about
social problems. 11 15
It is encoura ging to note that these studies indicate
when the subject of critical thinking is addressed in any
course, the students respond favorably in critical thinking
testing situations.

The University of Massachusetts'
Und ergraduate

Program

The University of Massachusetts' undergraduate progra:o
attempts to infuse critical thinking skills, alone with
writing and math skills, into its core courses required of
all students.

In 19 79 the College of Arts and Sciences

Senate suggested that cors courses move away from their
previous definition as a "body of essential knowledge" towards one emphasizing " ••• methods or ways of understanding
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the world and one's experience in it ••• 11 16

The University

of Massachusetts Core Curriculum Committee expects that
teachers o~ core courses will "integrate an understanding
of their subject matter within the context of the core area
with explicit instruction in the methods and skills required to develop the understanding. 11 17

Co~e courses are

offered in the Arts, the Natural Sciences, History and
Cultural Studies, Philosophy and Humanistic, and Social
and Behavioral Sciences.

Each core course within these

areas of study is expected to incorporate one of the following into the curriculum:

writing, critical thinking, or

mathematics.
Within the s e ba sic guid e lines, implementation is
loose.

Choice of what skill to teach within a given sub-

ject is left to the instructor and the department.

The

Core Curriculum Committee does monitor course proposals
with attention to skills development, but it does not

prescribe specific skills for particular courses.
Considering other colleges' (University of California;
University of Wisconsin, Eau Claire) cries for critical
thinking courses for their faculty, it is surprising to
discover how little interaction there is between University
of Massachusetts' undergraduate core teachers and the
graduate Critical and Creative Thinking Program.

Associate

Dean Howard Cohen said that very few teachers of core
courses show any interest themselves in taking graduate
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level thinking courses.18
Judging from examples of teaching basic skills given
in the University of Massachusetts Faculty Handbook, the
primary method of teaching critical thinking is through
writing .

Ann Berthoff teaches Composition in the Univer-

sity of Massachusetts English Department.
Berthoff compares thinking to composing.

Professor
She says,

"Composing is a matter of findine, developing, organizing
ideas; it is a matter of forming concepts and forming
sentences and paragraphs which can represent them. 11 19
recomne nds incorporatine writing into class time.

She

One way

she has included writing in class is to interrupt a lecture
or discussion by as king her students to write for five
minutes about what is at issue.

Professor Berthoff sug-

gests that writing in class also encourages discussion.
She has found that students are more apt to question subjects that they realize they will be writing about shortly.
Another manner in which an instructor has used writing as a tool for developing ttinking is by being explicit
in her instructions for paper assignment

emphasizing

such skills as summarizing, paraphrasing, abstracting, and
contrasting.
David Hunt of the University of Massachusetts
Historical and Cultural Studies Department uses debating
in class to develop reasoning skills.

By taking a view-
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point, documenting the position, and presenting the
evidence logically, the student learns to develop an
argument.

Professor Hunt stresses that this emphasis in

his class is on reasoning and documentation rather than on
coming up with the right answer.
Other University of Massachusetts teachers use a
variety of peda eoty.

Lois Rudnick teaches thinking throuch

History and Cultural Studies by using "oral articulation."
She has students role play so that they may see from a
point of view not their own.
to develop thinking skills.

Reading also has been used
Jennifer Radden has her

students break reading into three parts:

first, do a skim

reading to grasp the autho r's position; second, do a close
reading with paragraph summa rizing -- she encourages
students to write notes in the margins of their texts; and
third, write a one-page schematic summary of what they
have read -- students are encouraged to compose this
summary from the notes they have made in the margins of
their text.
The undergraduate students at the University of
Massachusetts/Boston are required to pass a Writing
Proficiency Examination after completing their core course
requirement before they can enter their junior year of
college.

This examination can be repeated if the student

fails the first taking.

There is no other basis for

determining the effectiveness of the college's core
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curriculum thinking program.20

It is difficult to

evaluate whether or not any difference is being made in
these students' critical thinking ability.

Harvard

Medical Sctool's
" Nev: Pathways Project"

It is significant that medical schools such as Harvard
Medical School, University of New Mexico, McMaster
University, whose students have excelled in traditional
undergraduate college and university programs are also exploring and desi gning curricula that emphasize thinking
skills.

Harvard Medical School's "Nev, Pathways Project" is

parti cularly interestine to me because I see many similarities between a medical program and a dental hygiene program.
Much of the course work empha s ized in the first year in
both programs is hU!'1an anato1:.y and physiology.

There is a

huge body of knowled ge with wr.ich students need to be
familiar.

In addition to knoi :ing and understanding
1

scientific fact, the students must be able to apply this
knowledge when working with patients.

Upon completion of

the medical program and the dental hygiene program, both
groups of students must prove their mastery of the subjects
by passing board examinations before they can practice in
their field.
Harvard's project is formally called The Oliver Wendell
Holmes Society:

A New Pathway to General Medical
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Education at Harvard Medical School.

The philosophy of

the project is suJr..marized in a May 1984 progress report
to the Medical Curriculum Committee:
"Education in medicine, whose knowledge
base is never stable, should emphasize
methods as much as content. Students
should be given fewer 'answers' and
more tools -- tools for self teaching;
for synthesizing, framing and revising
knowledge; for keeping pace with a
rapidly changing profession. They
should have the opportunity to practice, from the earliest days of medical school, skills of seeking out information, testing hypotheses, and
problem solving. Much of what we
want to acc omplish has to do with what
faculty and students do together; we
hope to stimulate changes in the
attitudes and conceptual frameworks
within which faculty teach and students learn. It is our overriding
goal to shape an environment of active
student learning, for, as Aristotle
wrote, 'The things we have to learn
before we can do them, we learn by
doing them.' 11 21
The New Pathways program plans to emphasize skills specific to questioning, problem-solving , and critical
thinking.

The primary methods of pedagogy will be ex-

periential and problem-based learning.

A problem-solving

approach to learning encompasses numerous critical thinking
skills.

The New Pathways program breaks problem-solving

skills into four categories:

first, the collection,

organization and analysis of information in relation to a
specific problem -- "(e.g., asking significant questions,
setting priorities and planning effectively)"; second, the

53
ability to see the inter-relatedness of problems; third,
reasoning through problems and reaching probabilistic
judgements; fourth, assessing the validity of information,
including research articles.22

Other critical thinking

skills to be address ed are observation, teaching, and
decision making.
The students will spend sixty percent of their time
"sharing knowledge."

This shared knowledge will include

no more than five hours of lecture per week; five to seven
hours a week spent in tutorial groups (five to seven
students working with a faculty tutor) working on problem
solving with specific cases; and three to six hours per
week on field exercises (hospital, laboratory, community,
etc ••• ).

The remainder (forty percent) of the students'

time will be used for personal or "unshared" learning.
This categ ory may include thesis work, self directed
problem-based learning, concentration, and external
courses.
The New Pathways Project will be implemented in
September 1985.

Only twenty-five of the medical school's

one hundred and sixty-five entering students will be admitted to the program.

This "experimental" group with a

readily available "control" group will provide a means for
evaluating the effectiveness of the project.

An

Inquiry Approach to Teaching Dental Hygiene

In my investigation of critical thinking curricula
for colle ge students, I have encountered one project which
specifically addresses dental hygiene education.

Through-

out the past decade the American Dental Hygiene Association has presented workshops for dental hygiene faculty.
These workshops have been based o~ an inquiry approach to
learning.

Much of the proposed curriculum design is taken

from a Deweyan philosophy of education.

This approach to

education emphasizes the students' participation in their
own le arning expe riences.
The goal of the workshops was to model an inquiry
appr oach for the participants.

Through participation in

periodic workshops, occasional individual and small group
tutorials, re gular self-directed, self-assessment activities, and independent reading and writing, the teachers
were able to identify discrepancies between their intentions and their practices in the classroom.

Acquisition

of educational content, rather than being an end in itself,
became a means to the end of "reducing the discrepancies
between one's intentions and one's practices. 11 23

It was

anticipated that by participating in this type of learning
experience the teachers would be motivated and able to
activate an inquiry approach in their classrooms.
The skills (or categories) emphasized in this inquiry
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approach to dental hygi ene are components of a problemsolving mode of learning.

The workshop leaders called the

first category " situations of experience," which asks
students to recognize cause and effect re l ationship.

The

process is begun by giving students something to do which
calls for the noting of connections between their doing and
its consequences.

The second category was termed

development of challenging problems."

11

'.i.'he

In this category of

instruction, the te acher would confront students with
problematic situations.

The students should be forced to

think and investi gate to make choices; and this would lead
to the third category, " the generation of ideas."

This

are a could also be considered the formulation of tentative
hypotheses.

Next in the process of problem solving is the

"observation and collection of data."

The collection of

data is a way to use the subject matter of a particular
cours e as a vehicle for developing these thinking
strategies.

After comparing and contrasting various

hypotheses and determining reliable and unreliable sources
of information, the student is encouraged to "develop a
reasoned hypothesis."

The students are expected to support

their beliefs and opinions with factual evidence.

According

to the Deweyan approach, students should take a stand on
one hypothesis and follow it through by "experimental
application and testing."

The student is then respons i ble
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for the last cate gory , "evaluation and jud gement of results.''

Self evaluation is an important aspect of the

Deweyan Inquiry Approach.

The worksho ps encouraged teac hers

to view students' answers as intermediate in learning, not
final.

After evaluating their own work, students should

be given the opportunity to make revisions or correcti ons
they deem necessary.24
Pre-tests and post-te st s were administered to the
teachers who participated in these workshops, and also to
their students.

Judging from the comparison of the post-

tests to the pre-tests, there was a si gnif icant change in
the behaviors of both the teachers and the students.
f ollowing changes were noted:

The

first, increased faculty

identification with attributes seen as central to an
inquiry set (i.e., experimental and reflective questioning
and puz z ling ; s econd , increased faculty experimentation
with behaviors that expand students' thinking , experimentation and comprehension; third, decreased faculty use of
practices incompatible with students' inquiry behavior
(i.e., extrinsic motivation, neglect of direct experience
and mechanical following of established method); fourth,
increased faculty utilization of practices compatible with
students' inquiry, as reported by students, (i.e., developing challenging problems, generating ideas, developing
tentative explanations for problems that arise); and fifth,
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an increase in student utilization of inquiry behaviors.24
I have talked with two dental hygiene instructors who
had participated in this inquiry workshop.

They both

report that they have incorporated some inquiry methods
into their classroom teaching .

They find it difficult to

teach exclusively in this inquiry mode because of restrictions placed on them by department and college policies.
For example, they find that the required use of behavioral
course objectives places restraints on explorative
learning.

One of these teachers has, on occasion, tried

to work within this departmental requirement by having her
students help write the course objectives.

Both instruc-

tors feel that the best way to enact an inquiry approach
for students is to get all the members of a faculty to
attend a workshop together.

Group attendance would de-

creas e resistance to new ideas, provide teachers with peer
support, increase continuity of learning methods for
students, and probably provide more noticable change in
students' behavior.26
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CHAPTER

IV

THE SYNTHESIS

My practicum project for t he Critical and Creative
Thinking Program at University of Massachusetts/Boston was
a Continuing Education Curriculum in Dental Radiology for
practicing dental assistants.

These students had been

using x-ray equipment in dental practices with no prior
forma l education or training in radiology.

The course

needed to address the hazards of radiation, the safety
precautions available, and the s k ills required for the
competent use of x-radiation.

The goal of my project was to

teach the course in a manner that would develop critical
and creative thinking in the students.
Specific objectives of the course were to encourage
the students to develop the attitude for and the ability
to:

1) offer creative approaches to problem-solving situ-

ations; 2) question authority and/or challenge the written
word; 3) accept the idea that we cannot know everything,
and given that concept, what it would take to prove a
fact; 4) see relationships among various objects and ideas;

5) think through a situation to recognize valid or invalid
reasoning; and 6) be aware of the continuum and changing
nature of scientific knowledge.
I designed a pre-test and post-test of the course for
the students to take from which I analyzed the effective-
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ness of my methods in achieving my goals.

The most

significant changes in student thinkin g detected by the
pre-tests and the post-tests were in the areas of deductive
reasoning and willingness t o question authority.

A

journal I kept on the observations I made on class performance indicated changes in the students' motivation to
learn, in their willingness to formulate and ask questions,
and in their ability to recognize and define problems.
I have inc orporated into my new curriculum on "Thinking Skills in Dental Radi olo gy" the pedagogy I felt was most
effective in bringing about the se changes of behavior and
attitude in the students.

The ong oing principle of not

providing immediate answe rs f or students worked well to
stimulate their curiosity and their own search for an
answer.

This method also helped t o build confidence in

the learne r -- a sense of self-reliance.

In addition to

researching subjects, students were asked to find answers
to their questions by desi gning and implementing an experiment and analyzing the results to share with the class.
Another strategy that proved effective for recognizing
contradiction, differentiating fact from opinion and
discerning underlying inferences was giving reading assignments of articles with conflicting views about the safety
of x-radiation.

Also, we viewed two films which were made

at different times (1968 and 1982), both about the uses of

62
radiation, and this brought about an interesting discussion
on scientific knowledge never being final.
One approach that I am changing in my new curriculum
is the manner in which I present thinking skills.

In the

practicum project the subject of thinking strategies was
never discussed.

Specific skills I wanted to address were

introduced subliminally within the content of the course .
I believe this was a mistake.

I think that if thinking

skills had been brought to a conscious level in the
students' minds, they would have been better able to direc t
their efforts toward developing these skills.

Instead,

they were groping in the dark, frustrated by not being
able t o underst and why subjects anc assignments were being
introduced in an inquiry mode.
Another change in class format will be a decrease in
my pr ov iding of inf ormation for students.

In my practicum

project I had difficulty relinquishing this responsibility
to my students.

I believe even more strongly now that class

time is better spent on developing skills for using knowledge and that students benefit more by learning to find
information for themselves.

This allocation to independent

learning hopefully will alleviate some of the frustration I
expressed in my journal regarding the lack of time to both
provide information and encourage t hinking about that
information.
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Some of my new attitudes toward pedagogy are based on
an assimilation of methods demonstrated and discussed by
teachers and school administrators at a series of workshops
presented at the University of Massachusetts, Boston in
the fall of 1984 .

Kevin O'Reilly's "Critical Thinking in

Ame rican History Curriculum" stresses the preparation of
the students' minds t o think critically about what they
read.

His classes discuss what it means to think critical-

ly about a subject before embarking on that subject.

He

has developed a vocabulary of cue words to help the students ident ify when an author is demonstrating a cause and
effect relationship, making a compa rison, generalizing , or
offering proof.
The Instrumental Enrichment Program presented by
Frances Link also suggests that teachers begin a les son
with a discussion of what specific thinking skills will be
addressed in the lesson.

She also recommends that a dis-

cus sion follow each project or tas k so that the learners
may ga in insi ght about how the y are thinking.
Ruth Nolle r offered some pro blem-solving strate gies
which I think will prove useful to my students for the
problem-solving cases I plan to assign.

Her sequenced

procedures for problem solving are 1) fact finding,
2) problem finding (stressing redefining the problem if
possible), 3) idea findin g , 4) solution findin g , and
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5) acceptance finding.
Basic Cha llenge , a critical thinking approach used in
the Acton Public Schools, provided a workshop which demonstrated a stimulating way to introduce a subject.

The

participants were asked to be involved immediately in the
class by creating (brainstorming) three lists of 1) things
they know, 2) things they think they know, and 3) things
they need to know ab out a given subject or topic.

The

lists were later condens ed by categorizing various knowns
and unknowns.

A discussion on how to find answers to the

list of unknowns followed .
I have incorp orated Basic Challenge's technique into
my first clas s , using it t o introduce t he subject of
dental radiology, assess my students' needs and lead into
a discussion about thinking s kill s development.

This

techni que will provide a visib le example of how the students recently have been thinking .

I n this one exercise

they will have generated ideas, classified and categorized
informa tion and discussed reliable and unreliable sources
of inf ormation.
The pedagogy I plan to emphasize in my curriculum
project is a combination of inquiry, writing, and problem
solving.

Judging from the Bard Workshops and the Inquiry

Approach to Dental Hygiene, I think using an inquiry
approach to teaching will get the students actively
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involved in t heir learning .

Studies discussed in Chapter

Three of this thesis showed that student participation
facilitates critical thinking .

This course will also

utilize writing as a t ool to enable the students to
de monstrate their thinking processes.

I a gree with the

philosophies of the University of I1as sachusetts' Core
Faculty and Bard's Institute for Thinking and Writing t hat
the process of c omposing a written work and the process of
t hink in g crit ically about a subject are very closely related and that one enhances the other.

A problem-s olving

appr oach t o course content has been chosen whenever I felt
it was a pp licable.

Problem solving incorporates a great

number of c ritical thinking s kills and provides a very
realistic application of those skills.
The critical t hinking skills I have chosen to
emphasize in my dental radiology course are those which I
believe will be most useful to the de nt al hygiene students
in their clinical work with pat ients, in the laboratory,
in classroom learning , in the reading of scientific
journals, and in ada ptation to their future employment.
I have classified the selected critical thinking skills
into what I consider to be five stages of problem solving
(see Appendix I).

These categories of thinking skills are

1) recognition of problems, 2) gathering pertinent data or
facts, 3) analyzing data, 4) for mulating hypotheses, and
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5)

drawing conclusions.

The purpose for categorizing the

critical t hinking skill s that are to be addressed in my
course is t o enable me t o see more clearly which skills
are most applicable t o which r adiology topics.

The clas si-

fic ation of the various skills is not intended to restrict
the use of a given skill t o a given problem-solving
strategy.

Certainly many of the skills can and, in fact,

need to be used in all the stages of problem solving.
I have selected two lesson plans, one which uses
writing and a second which involves proble~ solving, to
compare with a more traditional method of teaching dental
radiology .

This comparison will address what I hope to

accomplish in the area of critical thinking skills development by using these new methods.

The two radiology topics

being c onsidered in this c o~paris on are properties and
production of x-radiation and patient management f or dental
r adiology (s ee Appendix II, Classes #2 and #10).
The way these lessons were tau ght in the past was by
providing information in a lecture, using an overhead proj ector , slides of r adiographs, and the blackboard for
visual aids.

Students would take extensive notes on the

materials presented and ask questions for clarification of
informat ion.

Multiple choice quizzes were given periodical-

ly to evaluate whether or not the students were picking up
the material.
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My new curriculum de-emphasizes informational
lectures.

Instead, the students will be expected to

gather information for themselves through reading assignments.

Class time will be spent on thinking about the

information, including discussions of how best to approach
the subject matter.

If student writing is to be done, it

will not be for the taking of notes, but rather for reflections of their thoughts about the various topics.

For ex-

ample, in Class #2 on the properties and production of
x-radiation, the students will be shown two films about
radiation.

These films were made in different years, 1968

and 1982; and each offers distinctly different messages.
After watching each film, the students will be as ked to
think and write what they believe to be the main points
and message of that film.

Following these exercises, the

students will be asked to write a short paper (2 - 3 pages)
comparing and contrasting the t wo films.

They will be

asked t o consider how two films about the same subject can
be so differ ent, t o include underlying inferences and/or
points of view of the film makers and t o decide which of
t he two fil ms is the more reliable source of information.
I hope that in addition to gathering important information about t he properties and production of radiation
the students will become aware of how technology changes.
I will have as ked t hem to work with very s pec ific thinking
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skills -- (corr.paring and contrasting, recognizing inferences and points of view, reliable and unreliable sources
of information and decision makin g ) -- in this one writing
exercise.

When their papers are discussed, the students

and I will be able to evaluate whether or not they were
thinking critically about the subject.
One of the topics I chose to emphasize in problem
solving was Patient Manageme nt (see Appendix II, Class
#10 ).

I designed four realistic problem situations to be

considered during class time.

After reading through a case

situation, the students will be aslrn d to think and write
independently for fif teen minutes .

They will be as ked to

describe how they would handle the given situation, being
explicit as to their underlying assumptions and reasons
for their r esponse .

Each example is desi gned to require

the use of various aspects of critical thinking.

Some of

the ski lls involved in the various cases are identificat ion
of the problem, developing an argument, distinguishing
relevant from irrelevant i nformation, questioning authority,
application of knowled ge and generation of ideas.
It is my hope t hat t hrough examples such as these,
students will attempt to think and act more independently
with various clinical situations and will make a habit of
following a problem through to a reasonable understanding
and/or explanation.
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It has been demonstrated that this type of problemsolving approach to teaching does create a more independent
learner.

Dr. Dale Benos, Associate Professor of Physiology

and Biophysics at Harvard ~edical School, in discussion
with me, said that since he has been teaching his courses
in this problem-solving format, students are definitely
more deliberate about seeking information from its original
source.

His students go to primary research literature for

information regarding their subject to be certain they can
evaluate the research for themselves.
Considering my new objectives for the course, I feel
that new evaluation mechanis ms are indicated.

The multiple

choice testing of the past serves only to determine whether
or not students are learning facts.

I plan to replace

these quizzes and examinations with frequent writing assi gnments.

These assignments will encourage the students to

think critically ab out and apply the information t hey are
learning.

The writing assi gnments will also provide a

means for me to assess whether or not my class methodology
is actually helping to develop thinking skills in my
students.

Instead of a mid-term examination, there will

be a term paper due at mid-semester.

The topic will have

been chosen by each student and approved by me earlier in
the semester.

I shall read the papers, make suggestions

and return them to the students, asking for revisions.
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From mid-semester on, the students will work in small
groups (outs ide class time) on a problem or question of
their choice .

They will develop a hypothesis, a means

for testing the hypothesis, and perform a ny necessary
experimentat ion or rese arch t o draw a val id conclusion
to the problem.

The experiments and their results will be

described and presented t o the class at the time of the
last class session.
There will be a final examination.
essay for mat .

It will be of an

Case situations will be described and the

students will be expected t o re spond with critical
application of their scientific knowled ge.
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A P P E ND I X

I

THE S KILIS

RECOGNITION OF PROBLEMS
Observation

Generation of Ideas

Questioning

GATHERING PERTINENT DATA OR FACTS
Collection of Inforrr.ation

Classifying/Organizing

Relevant/Irrelevant

Reliab l e/Unreliable
Sources

ANALYZING DATA
Generalizj_ng

Arnilys is of
Information

Comparing/Contrasting

Recogni zing
Patterns

Cause & Effect Relationships

Seeing
Interrelatedness
of
Problems

Assessing
Validity

Inference

FORMULATING HYPOTHESES
Theorizing
(formulating explanatory models)

Synthesis

Developing Reasoned Hypotheses

DRAWING CONCLUSIONS
Application

Decision Making

Inventing

Testing Hypotheses

Argument

Problem Solving
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APPENDIX

II

THE PROPOS AL
CLASS
TOPIC:

ONE

Introduction - Think ing About t he Funda~entals of
Radiolo gy

THINKI NG SKILLS ADDRESSED :

Generating ideas; categorizing

infor~ation; r e liable/unreliable sources of
i nf or ma tion
OUTL I NE OF METHODS & CONTENT :
1. Brainst or m exercise:

what we know; wha t we think

we kn ow ; what we need to know about radiology
2. Categ orize or group items in lists

3. Discuss how to go about finding answers to list of
unknowns (reliable vs. unreliable sources)

4. Consider list of "knowns" - initiate questions
pe rtaining to knowing s omething (i.e., "how do you
know that?"; "what does knowing mean?"; "if you
read somethine in a text, do you always believe it?"
"why? '', etc.)

5.

Lead int o discussion of how we think .

Use initial

exercise as an example of thinking skills.

Intent

of course to develop thinking skills; be aware of
how to think about and approach problems.
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6. Course for mat and requirements (regular writing
assignments; term paper; experiment with results
written up or presented in a table clinic; final
essay exam.)

7. Present problem (one in which the problem statement is not obvious, requiring student to define
problem; and that will require gathering of
information that focuses on content of reading
assig nment).

As k students to think for five

minutes; write for five minutes about hov, they
would a pproa ch solving the problem
ASS I GNMENT :

1. Read chapters 1, 2, 3, 4 in text
2. Sol ve t he probl em discussed above. Write

a one-page paper on how you arrived at
solution
RATI ON ALE :

The brainstorming exercise is intended to

stimulate student pa rticipation.

The generation

of ideas, followed by categorizing those ideas
and identifying reliable sources of informa t ion
involves the students' thinking .

Discussion of

these thinking skills will raise the processes to
a conscious level in the students' minds.
The problem given in class and assigned as
homework is to initiate the students' thinking
about identifyin g , defining problems, and how to
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approach problem solving.

The problem will be

designed to require research on the subject of
properties and/or production of radiation to
provide an inquiry set for the reading assignment.
The writing of the process will provide me (the
teacher) with a means of assessing how each
student arrived at her/his solution.

CLASS TWO
TOPIC:

Properties and production of x-radiation

T~I NKI~G SKI LLS ADDRESSED :

Problem solving; c omparing/

contrasting ; inference; reliable/unreliable
sources of information
OUTLI NE OF METHODS & CONTE NT :
1. Discussion of writing assi gnne nt:

solutions to

problem and how they were arrived at
2. Introduce vocabulary and concepts of problem

solving strategies:

hypothesizing ; gathering

data/infor~ation; testing hypotheses; analyzing
results.

Question, "Did they use any of these

skills in assignment; would they have helped?"

3. Show two films on radiation (what it is; how it is
used; dangers of) made in different years (1968
and 1982)
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4. After each film, students will think and write for
ten minutes on what they believe to be the main
points and message of each film.

5.

Short discussion will follow the sec ond writing
ab out the differences in the films and why -- one
is more recent (why should that make a difference?)
What was inferred by each film ?

ASSIG N:filNT :

Write a short paper (2 - 3 pages) comparing

and contrasting the two films.

Discuss hov: t wo

films about the same subject could be so different.
Include underlying inferences and/or points of
view of film makers .

Think of how you will decide

which is the more reliable source of inf or ma tion
and defend your reason(s).
Read chapters 7 and 8 in text.

RATI ONALE :

I ntroduc tion of problem-solving strate gies

takes place after students have struggled with
solving a problen (homework assignment) on their
own.

The strate gie s will come out of a comparison

and contrast of how students approached the problem.
Showing two films (movies) about the same
subject with very different messages is intended
t o stimul ate a deeper investi gation of the
inferenc es made by the films and the discrepancies
in reliability of information sources.
The writing assi gnment is to offer the stud ents
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a chance to under stand how and why they believe
what they do.

The writing will also provide a

means for me (the teac he r) to identify how the
students choose a source and whether they will
investigate more sourc e s to confirm conflicting
information.

CLASS THREE
TOP IC:

Darkroom and Processing

T~INKI NG SKILLS ADDRESSED :

relevant/irrelevant; ar gument

OUTLI JE OF METH0:)8 AND CONTE NT:

1. Introductory discus s i on of relevant and irrelevant
informat ion.

What s or ts of situations call for thi s

kind of thinking?

Ask for examples.

2. Pass out handout fro m Mass. Radiation Control
Pr og ram on darkr ooms and da rkr oom equipment.

3. Break int o 4 - 5 smal l groups.

Each group is

asked to evaluate the recommended darkroom design,
deciding which c omponents are relevant (ess ent ia l)
and which are irrelevant (non-essential}. When t he
group members come to a decision about this, th ey
are instructed to bui ld an argument defending
their opinion.

4. Class reconvenes and each group presents its
argume nt to the class.
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5.

Discussion will follow about the elements of
argument and what makes one argument better than
another.

ASSIG NMENT :

Each student is assigned to evaluate a dark-

room (at work or at school), based on what he/she
considers to be essential design characteristics
and necessary equipment.

A 1 - 2 page paper

should be written to defend their evaluation.
Read chapter 10.
RATIO NALE:

The exercise in determining which darkroom

"requirements" are essential and which are not is
a concrete way t o introduce and discuss relevance
and irrelevance of elements to an issue.
The exercise to build an argument defending
their opinions is a way to initiate and define
their reasoning abilities.

A discussion following

will allow an opportunity to introduce what good

reasoning is and some common fallacies that exist.
The homework assi gnment is an opportunity to
apply s ome of the knowledge gained from class
and another chance to argue a point of view.
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CLASS FOUR

TO PI C:

Radiodontic Pit f alls:

TH INKING SKI LLS

ADDRES SED :

Pr ocessing & Handling

caus e & effect relationships;

hypothesis for ~ation , and testing
OUTLINE

OF IvIBTHODS AND

CONTENT :

1. Introduc t ory discussion of cause and effect relations hips -- come t o an a greed upon definition
with which t o work
2. Question and answer period ab out reading assignment for class; film; composition; latent image;
processing

3. Have students lis t all the factors ''causes" (over
which they have s ome control) that could effect
the ima ge on a radiograph

4. Categorize factors; break class into groups - each
group cho oses a cate gory of "causes"

5.

Each gr oup will hypothe s ize about how its cause
will effect a radiograph and will design an experiment t o test its hypot hes is

ASSIG N11Et~ :

Before the next class students will work out

their experiments to determine the effects of their
"cause."
RATI ONALE :

Read Kodak's Radiodontic Pitfalls booklet.

Using their knowledge of film composition,

latent image, and processing procedures the
students will generate ideas and develop a
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reasoned hypothesis about what effect a certain
factor will have on a finished radiograph.

The

identification of cause and effect relationships
will facilitate their designing a means for testing
an hypothesis.

The as s ignment of actually testing

their hypothesis through experimentation allows
them to follow an idea through to a conclusion.

CLASS FIVE
TOPIC:

Radiodontic Pitfalls:

Exposure; Controlling Film

Quality
THI NKI NG SKILLS ADJRESSED :

cause

&

effect; analysis of

results; application of knowledge

OUTLINE OF lv1ETHODS AND CONTE~~:
1. Each group (from week before) asked to present

the resu l ts and analysis of its experiment.

All

results (effects) will be listed on board.
2. The class will work to gether to analyze the results.

3. Discussion will lead into the concept of causal
over determination (many factors can cause the
same effect).

Introduce questions about how one

would determine which cause yielded a particular
effect.

4. Distribute individual dental radiographs to each
student.

Students will be asked to identify an
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error in the film, list all the possible causes
of that error, and deduce what actually caused
that error.

If vital information for determining

the cause is missing, indicate what that information is and how to find it.

This exercise will

be written during class time.

5.

Discussion of chain causes and effects and
multiple causal condition.

Ask students to cone

up with examples for each.

6. Knowledge of why A caused B helps to determine
the certainty or probability that B will occur.
How can we use our knowledge of how various
factors effect fil~s to control the quality of
finished radiograph?

Discussion and ideas.

7. Introduce mathematical formulae for altering
certain "causes" to achieve a desired "effect."
Work through a couple of examples.
ASS IG NI1iE NT:

Read chapters 11 and 12 in text.

Image Quality Control Worksheet providing problem
situations requiring alterations in kVp; mA; or
exposure time.
RATIONALE:

By introduction of more complicated cause and

effect relationships, the student is required to
question and analyze available and unavailable
information; and through deductive reasoning,
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arrive at an answer.
In addition to aiding the student in identification and correction of exposure technique,
knowledge of why A causes Band the certainty
that B will occur gives them confidence in the
fact that t hey can control the final image on
their radiographs.

The assignment of problem

situations to solve force s them to work through
various prob lem-solving strategies again.

~e

will not go over answers to problems until they
as k for the m.

CLAS S SIX
TOPIC:

Intraoral Radiographic Technique (Shadow Casting)

THINKING SKILLS ADDRESSED :

problem solving; comparing/

contrasting
OUT LI NE OF MSTHODS AND CO NTENT :
1. Discussion of problem-solving strategies used in
class and class assignments.

In this class we

want to work through a problem together, clarifying various components of solving a problem.
2. Information or fact finding:

from reading assign-

ment and experiences in radiology lab students
will draw toge ther (put on board) all the data
that relates x-ray taking to shadow casting.
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3. Identify the problem:

Ask students to "find"

problems with radiographic technique that are
relevant to shadow casting.

List them all on

board, identify what the major problem is, and
redefine it.

4o Idea finding

&

Hypot hesis Formation:

Using a

screen, object and light source work with shadow
casting principles to gather information pertinent
to forming an hypothe sis

5.

Test hypothesis for (improved techniques) with
x-ray film, tooth, and x-ray

6. Draw conclusi ons about experiment and apply to
standard procedures t o analyze data and practicality of new method for taking intraoral films.
ASSIGNMENT:

Write up a 2 - 3 page report describing

today's class.

Include procedures involved in

problem solving, and outcome of experiment.
Support new method or theory with relevant data.
Read chapter

5.

Term pape r due next week.
RATI ONALE :

We have been using various aspects of problem

solving procedures throughout the course.

I wanted

to provide one opportunity (example) for the class
to work together through a problem situation from
beginning to end.
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The writing assignment will help me (the
teacher) to reco gnize strong and weak areas in the
students' conception of problem solving.

CLASS SEVEN
TOPIC :

none in particular

THINKING SKILLS TO BE ADDRESSED :

questioning

OUTi,INE OF METHODS AND CONTE NT :

1. Discuss last week's writing assignment.

Relate

composing a pape r to the steps in solving a
problem.
2. Questioning; idea generation session.

Open dis-

cussion of s pec ific questions and ideas students
have ab out topics that have been covered to date.

3. I (the teac her) will give no direct answer.
Instead students will be asked to explore their
questions and find answers through research and/or
experimentation .

This will be their ongoing

project for the second half of the semester, to
be presented on the last class day.

Students may

work in s mall groups on one project.

4. Hand in term paper which was assigned at first
class.
ASSIGNMENT:

Written progress report on proposed project to

be drafted and submitted by the next week.
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Read two articles about effects of radiation.
RATIONALE :

No mid -s emester exam given, rather I wanted

to use the available time to bring out questions
and, through students' inquiry, provide a means
for finding the answers.
The analogy between writing compos ition and
problem solving is intended to help them write
better papers.

(They will be doing rewriting on

term paper handed i~ today.)

Als o , using this

format for composing papers will reinforce a
s ystematized method for approaching problem
situations.

CLASS EIGHT
TOPIC:

Bio~ogical effects of radiation

THI ~KI NG SKIL LS ADDRESSED :

detecting underlying inferences;

comparing/contrasting information ; assessing
validity
OUTLINE OF METHODS AND CONTE?fr :

1. Discussion of two articles assigned to be read for
this class.

What are the facts?

How do the articles compare?

Any contradictions?

Can we determine

underlying inference or opinion of either author?
What is source of article?

What is author's

motivation for writing article?
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2. Students t o create their own argument on the
subject and defend it, using relevant facts to
support their observat ions (during class).

3. Di scuss ideas and questions that arise in these
exercises.

4. Break class into three groups.

One group will be

assigned to defend the statement, "Biological
damage fro m dental x-rays is equivalent to being
in the sun for a day."

The second group will be

assigned to rebut the statement.

5.

After gathering information, building a logical
argument and planning strategies, the issue will
be debated.

6. The third group will be the judges, who will consider both arguments and decide which argument is
valid.

They (the third group) will be asked to

explain their reasons for their decision.
ASSI GNMENT :

Read chapter 6 in text.

Each student will compose a list of questions
he/she would ask a dentist during a job interview
about the safety measures employed in the office.
Explain why these questions are relevant to safety.
RATIO NALE:

Given two articles about the dangers of x-radi-

ation which give the same "facts" but offer a completely different point of view, the students need
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to read between the lines to determine what is being
inferred, c onsider t he sources and motivation of
author.

In an effort to prevent themselves from

being manipulated by inference, the students are
asked to extract the facts and compose their own
argument, sorting out fact from opinion.
The debating exercise provides another opportunity to take a viewpoint and try to build an argument to defend that view.

The issue of how

decisions are made is introduced in the final
judgement.

CLASS NI NE
TOPIC:

Safety

THI NKI NG SKI LI..S ADDRESSED :

decision making; judgements;

questioning authority
OUTLINE OF METHODS AND CONTE:NT :
lo Discussion of ho~ework assignment:

what questions

would they ask a dentist and why?
2o When does a patient need an x-ray taken?
Discussion of time interval vs. oral exam; guidelines of National Council on Radiation Protection.
How does one make a decision on how much radiation
is acceptable; whether the benefit of the x-ray
outweighs the risk, etc.
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3. Evaluate the gu idel ines for maximum permissable
dose set forth by the National Council on
Radiation Protection.

Put each guideline on board

and open discussion about its value as a safety
guideline.

Should there be laws; how could they

be enforced?
in guidelines?

Would you like to see changes made
If s o, what?

4o Draft a let ter t oget her to NCRP recommending
changes with reasons f or these changes.

Begin by

putting major points on board and developing
ar gument f or each.

Evaluate the ar guments for

validity.
ASSIGN!1TNT :

Re ad chapt er 19 in text.

Research the subject of advances of and /or alternatives t o dental radiology.

Write a short 2 - 3

page paper discuss ing the inform.a tion you find.
RATIONhLE :

The assignment to fo rmulate questions is to

insure that the student s cover the textual material
on safety precautions available, and to introduce
the idea that it is poss ible that not all offices
employ all precautions.
Decision making i s addressed every time an
x-ray is to be taken.

Given the knowledge of

dental treatment and of the hazards of radiation,
the student needs to weigh the benefit and ris k and
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make a dicision.
The homework assignment infers that science
is always changing.

If x-rays are hazardous, then

we shou ld be searching for newer and safer ways to
provide the information we need.

CLASS TEN
TOPIC:

Patient Management

THINKING SKI LLS ADDRESSED:

Prob l em solving - identifying

problem; sort relevant/irrelevant information;
questioning authority
OUTLINE OF METHODS & CONTENT:

1. Case #1.

Consider this situation:

a new patient

arrives at your office for a scheduled cleaning
appointment.
fifteen years.

He has not been to a dentist in
His medical history shows no com-

plicating factors, so you proceed with an oral
exam and treatment planning.

Your oral examina-

tion of the patient reveals generalized 4 - , mm
pocketing, with isolated areas of 6 - 8 mm's;
gingival tissue is inflamed and edematous.

You

decide a full mouth series of radiographs is
indicated for a complete assessment of the
patient's oral condition.

When you mention the

x-rays to the patient, he flatly refuses them.
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How will you handle t his situat ion?

Be explicit.

State all your underlying assumptions and reasons
for your response.
The students will spe nd fifteen minutes thinking
about t he problem and writing their responses.

We

will th en discuss the problem and responses as a
class.
2. Case #2.

Consider this situation:

a woman arrives

for a scheduled full mouth x-ray series prescribed
by the dentist (your employer).

Upon reviewing

her medic al history, you find she has res ponded
positively to t he following questions:

she has

been hos pitalized within the past t wo years for
sur gery; she has arthritis; she is allergic to
sulfa dru gs ; and she has undergone some form of
radiation treatment.
What questions arise in your mind?

How would you

proceed with this patient?
Students will think and write independently for
fifteen minutes .

Class discussion of situation

will follow.

3. Case #3.

Consider this situation:

your patient

is scheduled to have his third mola rs extracted
the next day.

You have just cleaned his teeth and

are about to take periapical radiographs of each
tooth for the next day's surgery.

When you place
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the first film behind the third molar in the soft
palate area, the patient's gag reflex is initiated.
This patient's reflex is so strong and uncontrollable that each time you replace the film in his
mouth the film is pushed out of place.

The patient

is very uncomfortable.
How are you going to get a radiograph of these
third molars that will be required for the
patient's scheduled surgery?
Students will think and write for fifteen minutes.
Cl ass discussion will follow.

4. Case#+.

Consider this situation:

you saw Mrs.

Jones a we ek a go for a cleaning appointment.

You

detected three small caries and schedule her to
see the dentist for restorative work.

You decided

at that appointment not to take any x-rays because
Mrs. Jones is pregnant.

Mrs. Jones is back in

your chair today because the dentist said he could
not know if there were cavities between the teeth
without BW x-rays.

He told Mrs. Jones that you

would put a lead apron over her so that she would
not be harmed by the x-rays.

Mrs. Jones is con-

cerned and is questioning you about the danger to
her unborn child.
What will you tell Mrs. Jones; and how would you
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respond to this situation?
Students will work independently for fifteen
minutes, followed by class discussion.
ASSIGNMENT :

Read chapter 9 in text.
Observe and study pp. 2 - 95 in Kasle Atlas

RATI ON ALE:

The problem case situations are designed to

present an obstacle for the students.

The student

needs to apply various problem-solving strategies
to overcome the hurdles.

Case #1 will require the

students to identify the problem and build a logical argument using their knowledge of radiation.
In case #2 the student must sort the relevant from
the irrelevant information from the medical history,
question the authority of the dentist who prescribed x-rays for this patient, and apply his/her
knowled ge of biological cumulative effects of
radiation to this situation.
creative approach.

Case #3 calls for a

The student should try to

generate as many ideas about how to take the x-rays
as he/she can.

Inventing a new method or technique

could be a route to the end.

The student should

consider the "cause" of the "effect" when considering alternatives.
issue.

Case #4 presents an ethical

The student needs to differentiate fact

fro~ opinion, question authority and make a judge-

ment about what is ri ght for this patient.

CLASS ELEVEN
TOPIC:

Anatonical Landmarks

THI NKING SKILLS ADDRESSED:

observation/perception;

application of knowled ge
OUT LINE OF METHODS AND CONTENT :

1. Divide class into

5 - 6 groups.

Distribute one

full mouth series of radiographs and a view box to
each grou p .

Students are asked to study the films,

listing and descr i bing what they see.
2. Distribute an anatomi cal human skull to each group .

Ask the students to use the skulls to identify
their observations.

Emphasize comparing, contrast-

ing , generalizing whether a structure should appear
radiolucent or radiopaque .

3. Using worksheets, have students indicate which
anatomy will appear in which periapical filmo

4.

Class discussion of normal anatomy while viewing
various slides of radiographs together.
What do you see?

Questioning:

Is it radiopaque or radiolucent1

Why?, etc.

5.

Individual exercise in mounting films.

Each

student will be given a FMX of radiographs of a
patient, plus one extra film from some other patient.
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They will be asked to mount the films according
to the anatomical landmarks and determine which
film does not belong t o this patient.
ASSIGNEENT :

Study Kasle Atlas, pp. 1 - 100.

Continue to

work on experiment and rewritten term paper due
next week.
RATI ONALE:

The focus of this lesson is on observation and

bei~g explicit in a description of what is observed.

A discussion will consider what difference

knowledge makes on one's perceptions.

The use of

previous knowledge will also be required for
reasoned theorizing about why an area appears
rad iopaque or radiolucent.

The exercise of mount-

ing is a problem-solving situation which requires
acute observation and perception to discover which
film does not belong.

CLASS TWELVE

TOPIC:

Interpretation of Dental Radiographs

THINKING SKILLS ADDRESSED:

inference; comparing/contrast-

ing
OUTLI ~'E OF METHODS AND CONTENT:

lo Begin class with a discussion of inference:
it is; when it is used, etc.

what
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2. Distribute a full mouth x-ray series of a patient
to each student.

Ask the students to study the

radiographs and write down everything they can
infer about this patient from the films alone.

3. Class discussion of the above exercise:

how were

the inferences reached, and what was the reasoning involved?

4. Show slides of radiographs on various oral disease
and/or conditions , with class discussion:
normal vs. abnorma l findings on radiographs.

J.

Students will work in small groups on an exercise
with a patient's FMX and case history - (students
will have br ou ght a case and FMX from a clinic
patient).

Group members will work together to

study case and FMX, and then design a treatment
plan for the patient.
6. Discussion:

How did you reach your decision for a

treatment plan?

On what information did you base

your decisions?

What inferences were important?

ASSIGNr.IB NT:

Read chapter 17 in text

Read pp. 103 - 144 in Kasle Atlas
Write five - ten questions (interview; fact finding) to ask the panel of experts next week.
RATIONALE:

The discussion and the exercises using

inference are intended to bring this thinking
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skill to a conscious level in the students.

By

being aware that t hey are inferring and how that
inference was reached, they will be able to ask
themselves if the evidence supports their
inference.

Studying various radiographic slides

of abnormal conditions allows students to compare
and contrast with normal radiographic landmarks
(studied last week).
The development of a patient treatment plan based
on case histories and radiographs provides another
problem-solving situation for students.

In treat

ment planning , they are analyzing data, developi 1g
a reasoned hypothesis and applying their knowlec ge
to a given situation.

CLASS THIRTEEN
TOPIC:

Extra-oral Radiographic Techniques

THINKING SKILLS ADDRESSEDs

inquiry; questioning skills

OUTLINE OF METHODS AND CONTENT :

1. Panel of experts (specialists in the fields of

orthodontics, oral surgery, maxillo-facial reconstruction) invited to make a brief presentation of
their work and how the use of extraoral radiographs
fit into case studies (have been asked to bring
examples of radiographs).
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2. Following each presentation, students will ask
que s tions of t he panelists (some of which have
been thought out earlier) to gather additional
information about extra-oral radiographs.

3. After the guests have left, there will be a class
discussion about inquiry and questioning.
try to evaluate t he questions asked:

We will

what kinds

of questi ons revealed the most interesting discoveries; how specific did a question need to be
to elicit the desired information.

4. List t y pes of questions on boa rd.

5.

Categorize the types of quest i ons according to the
informa t ion they elicit.

ASSIGNMENT :

Choose some aspect of today's presentation

and research it more fully.
Write a 2 - 3 page paper about the subject -- due
next week .
Read chapter 14 in text.
RATI ONALE:

The procedures used in this class are for the

improveme nt of questioning skills.

The assignment

encourages an inquiry mode of learning.

Through

research and writing, the student follows an idea
or interest through on his/her own -- an attribute
of an independent learner.
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CLASS FOURTEEN
TOPIC:

Localization Techniques; Duplicating Radiographs

THINKING SKILLS ADDRESSED:

problem solving; developing

a reasoned hypothesis; inventing
OUT LI NE OF METHODS ATm CO''ITENT:
1. Students will work in small groups.

They will be

given a problem situation that requires them to
design some type of localization technique.

They

should work together to define the problem, develop
a reasoned hypothesis and a means for testing their
hypothesis.

PROBLEM:

A dental hygienist is work-

ing with a patient, scaling his teeth.

During the

procedure, the tip of the instrument break s off
and becomes lod ged in the patient's gingival
tissue.

How could you use your knowledge of radio-

graphic technique to localize the me tal piece so
t hat it may be removed surgically?
2. Once the students have developed an hypothesis and
a test for the hypothesis, the y may go to the x-ray
lab, if necessary, to perform any experimentation
indicated.

3. Students will report their techniques for localization procedure.

We shall discuss these and compare

them to conventional localization procedures.
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4.

Students again break into groups for another
problem-solving exe rcise,

PROBLEM:

ing in a dental practice.

The patient you have

You are work-

just taken a FMX series on is seeing his periodontist tomorrow.
of the radiographs.

The periodontist needs a copy
The dentist you work for has

a policy never to allow the original radiographs
out of his office.

You proceed to duplicate the

films and find the automa tic duplicator is broken!
Can you devise a means for duplicating these films
without the automatic machinery?
to know ?

5.

What do you need

VI.ha t materials would you need?

Class discussion of t he various ,duplicating inventions.

Are the suggestions reasonable hypotheses?

Can they be tested?
ASSIG NMENT :

Each group will test its hypothesis for du-

plicating films without automatic duplicator.
Each student should be prepared to present the results of his/her independent experiment that he/she
has been working on since mid-semester.

RATIO NALE:

Another attempt to develop problem-solving

strategies through case situations.

To find a

solution to these prob lems, the student must
generate ideas, collect information, analyze the
information, form and test an hypothesis.
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CLASS FIFTEEN
TOPIC:

Pres entation of Ex periments

THI N""KI NG SKI LLS ADDRESSED :

Inquiry; argument

OUTLI NE OF METHODS AND CONTENT :
1. No set lesson for today.

Each student will describe

and discuss his/her experiment which he/she has
been working on independently since mid-semester .
2. Class members may question after each presentation.

3. Roundtable discussion:

informal evaluation -- what

do the students feel they learned from this
course -- open comments.
ASSIGN !JENT :
RAT I ONALE:

Di scussion of fina l essay exam.
A chance for students to present and defend an

argument (their experiment with results) and for
the students to share one another's ideas through
inqui r y .

The roundtable discussion of the course

is a deliberate attempt to end the course the way
we be gan it: -- with thinking about thinking.

