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ABSTRACT

Holistic Design for Critical Thinking Instruction:
Case Studies of Instructional Practices

Michelle G. Miller, Ph.D.
Concordia University, 2003

This exploratory study uses both qualitative and quantitative approaches to
investigate the relationship between critical thinking outcomes and instructional
practices. Three associate degree programs in radiologic technology are used as the
context for comprehensive review of instructional practices for critical thinking
throughout the two year time period. A comprehensive picture of each program’s
instructional approach is developed and compared with student outcomes in disposition
and skill.

Qualitative methods are used to collect data about instructional practices at each
site through interviews with faculty and students, classroom observation and document
analysis. Consideration is given to planning for instruction, instructional activities,
critical thinking processes and implementation strategies. Twenty-five students
participate in measurement of their critical thinking outcomes using the California
Critical Thinking Skills Test and Disposition Inventory and samples of student work.
This small number of participants limits the statistical power of the analysis of outcomes
differences.

While students at the three programs perform equally well on skills measures,

there are likely differences among the sites in disposition to think critically. There are
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more marked differences in how the three sites implement certain instructional activities
and the choice of activity type than the differences in frequency of use. The study
suggests that long term use of the following activities/strategies over the course of the
educational program may be associated with greater critical thinking disposition: (a)
analysis of real-world problems, (b) performance based problem solving, (c) verbalizing
evidence supporting arguments or decisions, (d) extensive writing, (e) attention to
classroom environment, and (f) use of group work in and out of the classroom.

Findings suggest that there is a continuum of program development for critical
thinking instruction. At one extreme is a site with a nascent view of critical thinking
instruction characterized by intuitive practices. At the other extreme is a program that
incorporates many of the best practices for critical thinking development, including those
that extend learning beyond the classroom. In the middle is a site that is consciously and
regularly continuing to adapt classroom practice to improve its ability to encourage

critical thinking among its students.
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CHAPTER 1
Introduction

Analyzing the path taken in developing a research question provides an
opportunity to examine your own influence on the subsequent research. My interest in
critical thinking instruction is grounded in my career as a radiography educator. In the
mid 1990°s the accreditation standards for programs in radiography became more
outcomes based and included a required assessment of critical thinking and problem
solving. Each program was supposed to identify its goals in this area along with
instructional strategy and outcomes measures. At that point in time, I was in the same
position as most educators are when it comes to critical thinking—unable to define it, but
pretty sure I knew it when I saw it.

At about that same time, I began my doctoral program in Educational
Technology. That in itself is worthy of a little explanation, since its connection to
furthering the career of a radiographer is not all that evident. I’ve always been technically
savvy...self-taught, willing to explore, an early adopter in many areas. I taught at a
college that started an online distance education program in the early 1990’s...again an
early adopter. While I didn’t teach in a discipline that could use this technology to deliver
course work at that time, I was always intrigued by the concept. I wondered how the
instructional design principles that I knew and used could be applied in that setting. What
would be different, what would be the same? I saw the study of educational technology to
be an optimal way to meld three things that one ought to get out of a doctoral program:
immersion in a discipline, exploration of something that you are curious about and the

opportunity to broaden your skills and horizons for potential career advancement.



In pursuit of that degree however, I was always frustrated when it came to
developing research projects that blended my interest in applying the new concepts and
skills that I was learning about instructional design and technology in my own
disciplinary area—what was closest to my heart. There was so little basic research in the
field of radiography, and particularly radiography education, on which to build. My early
interest in developing spatial ability through the use of computer simulation and
animation was frustrated by a lack of supporting research about the visual needs and
abilities of the discipline. Without the time, interest or skills to confront that basic deficit,
[ was forced to re-examine how I would approach further research.

With a small group of fellow doctoral students and a research project due,
collaborative molding of research interests turned to the study of critical thinking in
online distance education courses. There, a common interest emerged in the study of how
to design instructional activities to promote critical thinking. Again, however, a hurdle
appeared. In order to measure the effectiveness of an instructional activity, one had to
have a valid and reliable measure of critical thinking. The first research task then was to
find, or develop, that measurement device. Two years of research later, I had a much
greater appreciation for the difficulties of measuring critical thinking, as well as research
methodology and the practical challenges that a researcher experiences along the way.

It was now time to frame the research that would become this study. After my two
years of immersion in the theory and practice of critical thinking instruction and
assessment, [ had developed strong convictions about how critical thinking worked, how

it is developed, and how it could (or could not) be measured. Those impressions are



important not only to the framing of this study, but undoubtedly serve as a lens through
which I collected and interpreted the data.

Through my foundational research projects and readings, I became convinced that
many of the non-significant findings in critical thinking research were a result of research
designs that simply did not allow enough time for critical thinking to develop. Looking at
a specific activity, or even a course-based set of activities, just didn’t seem long enough.
It takes an accumulation of instructional events across time and across contexts for
critical thinking skills and dispositions to develop. Given that foundational belief, how
was I going to conduct a research study that could contribute to the collective body of
knowledge about instructional design in this area? Any one educational intervention is so
complex and confounded by hundreds of variables that the study of a course or an entire
educational program seemed impossible and insane.

However, back at work I was being asked to do just that. I directed an educational
program that had a charge to design and assess critical thinking in that context. I had yet
to implement anything in my own program, but a potential research context was
emerging. I assumed that there were radiography programs in existence that had
comprehensive and cohesive plans for critical thinking instruction. If I could just study
some of those and then come to some conclusion about what was and was not working,
that would be a great contribution to my discipline, as well as to educators in general. The
disciplinary context provided the advantages of access, a common language, and the
motivation that it takes to finish a project of this magnitude. But it also provided some
challenges in that this unique context has features that make it less generalizable than

some other contexts that might be used.



“In postsecondary education our major goal is to teach students how to think, not

what to think. ” Glenda Price, Provost of Spelman College, made this claim in a
presentation to a group of radiologic science professionals convened for an educational
consensus conference in 1995 (Price, p.15). Her message was only one of several that
served as a clarion call for radiologic science professionals to adapt their educational
processes to meet the health care needs of the twenty-first century.

By the year 2000, every adult American will be literate and will possess

the knowledge and skills necessary to compete in a global economy and

exercise the rights and responsibilities of citizenship. The proportion of

college graduates who demonstrate an advanced ability to think critically,

communicate effectively, and solve problems will increase substantially.
The National Educational Goals Panel (1991) set forth this goal and objective (among
others) as a recommendation for building a nation of learners. In the years that followed,
the educational community appears to have embraced this goal as evidenced by the
tremendous volume of publications addressing various elements of critical thinking.
Many educators and educational systems have joined the movement to devote greater
instructional time to the development of critical thinking abilities and dispositions.

Unfortunately, integrative literature reviews reveal mixed success at producing
college graduates that demonstrate this desired ability to think critically (Adams, 1999;
Bangert-Downs and Bankert, 1990; Gibbs, 1985; McMillan, 1987; Norris, 1985). While
some studies have shown the impact of the collegiate experience on the development of
critical thinking ability based on gain scores over the four years (Adams, 1999, Gibbs,
1985; Keeley et al, 1982; McMillan, 1987; Pascarella & Terenzini, 1991; Stadt &

Ruhland, 1995), the gains can be small and the factors elusive. There is little agreement

about which curricular designs or instructional methodologies are effective in developing



critical thinking abilities and the disposition to use them. While this lack of clear
direction can be somewhat explained by the complex nature of the educational
environment, a number of other challenges impact the collection of conclusive evidence:
varying definitions of critical thinking, difficulties in measuring an entity that is both
process and product, disagreement about the domain-specificity of critical thinking and
the related question of transfer.

The following question remains unanswered, “How do instructional practices
focused on critical thinking relate to the quality of critical thinking outcomes?” This
study proposes to contribute to the collective answer to that question by examining how a
specific post-secondary educational community—radiologic sciences—addresses critical
thinking instruction. This community will be unique in its approach to critical thinking
because'of a discipline-driven emphasis on this skill and distinctive educational program
features, yet similar in so far as its educational environment provides a context in which
critical thinking can be studied generally.

Given the paucity of research related to critical thinking definition, instruction,
and assessment in the radiography profession, the research question that this study poses
can potentially lead to significant contributions to this professional community. A survey
will collect information regarding instructional practices for critical thinking to provide a
needed baseline. In-depth study of a number of instructional programs will provide
detailed description of how programs with particular goals and limitations have
approached the instruction of critical thinking as well as indications of their successes
and difficulties in terms of outcomes. These may serve as models for other programs with

similar situations and challenges.



More importantly, this information will be of value not only to this professional
community. As stated above, the instructional practices and assessment methods will be
similar to those used in other disciplines. The connection between instructional practices
and critical thinking outcomes will be applicable in many higher educational settings.
Radiologic sciences may serve as a model for comprehensive curricular planning around
critical thinking and as indicators of successful, and perhaps not so successful, outcomes
as a:wresult. As such, it serves as a valuable context for this research at the same time that

its unique features are somewhat a limitation.



CHAPTER 2
Review of the Literature

While little has been published related to critical thinking (CT) in the radiologic
science profession, much has been published in other fields (particularly nursing) and in
the context of general thinking skills. A comprehensive consideration of the critical
thinking literature should address issues of definition, generalizability, transfer,
instruction and assessment. Additional consideration of the nursing literature related to
critical thinking and a critical analysis of that available in radiologic science is essential
for this study.
Definition

Lauren Resnick (1987) is often quoted as saying, “Higher order thinking is
difficult to define but easy to recognize when it occurs” (p. 44). The same can be said of
critical thinking, which is a key member of the family of higher order thinking skills
(Lewis & Smith, 1993). The terms critical thinking and higher order thinking are often
used interchangeably and frequently include other related skill sets in problem solving,
decision-making and creative thinking. Alternatively, Ennis (1987) suggests that critical
thinking is the umbrella under which the others sit. An examination of commonly
referenced critical thinking definitions reveals both areas of convergence and divergence
(See Table 1).

The Ennis, Kurfiss, and Paul & Nosich definitions are more product-focused with
attention to making a decision or coming to a conclusion, while the McPeck and P.

Facione definitions are more process oriented. Most of these definitions include the



Table 1

Critical Thinking Definitions

Author

Year

Definition

Ennis

1987

“Critical thinking is reasonable reflective thinking that is

focused on deciding what to believe or do.” (p.10)

P. Facione

1990

“ Critical thinking is the process of purposeful, self-regulatory
judgment. This process gives reasoned consideration to

evidence, contexts, conceptualization, methods, and criteria.”

(p-3)

Kurfiss

1988

“...an investigation whose purpose is to explore a situation,
phenomenon, question, or problem to arrive at a hypothesis or
conclusion about it that integrates all available information and

that can therefore be convincingly justified.” (p.2)

McPeck

1981

“...the propensity and skill to engage in an activity with

reflective skepticism.” (p.8)

National Council for
Excellence in
Critical Thinking

(Paul & Nosich)

1991

“...the intellectually disciplined process of actively and
skillfully conceptualizing, applying, analyzing, synthesizing or
evaluating information gathered from, or generated by,
observation, experience, reflection, reasoning, or

communication as a guide to belief and action.” (p.4)




dimensions of self-reflection but none address dispositions directly, although Ennis and
Facione include dispositions in their models. Dispositions are especially important to
consider given widespread recognition that individuals do not always display the abilities
to think critically that they might possess (Perkins & Grotzer, 1997). In addition, critical
thinking is hard work. It requires investment of time and cognitive energy and so the
results of that work need to appear to be worth the effort invested (Halpern, 1998) in
order for the student to be inclined to use and demonstrate the skills that they have.

It is not uncommon to hear questions to the effect: “What makes critical thinking
critical, as opposed to just thinking?”” or “Is there such a thing as bad critical thinking?”
A variety of answers to these questions have been proposed from various philosophical
perspectives. Richard Paul (1990) argues that thinking becomes critical when it is
subjected to intellectual standards such as clarity, relevance, accuracy, precision, breadth,
depth, and logic. Johnson (1992) focuses on the importance of community in deciding
whether thinking is critical or not and hence the thinking must be articulated in order to
be judged, not just submitted to self-reflection.

McMillan (1987) believes that one of the difficulties encountered in critical
thinking research is the lack of a clear operational definition of the construct. In this 1987
paper, he suggested that the philosophical, educational and psychological traditions
develop a convergent definition. The American Philosophical Association commissioned
development of such a consensus definition of critical thinking using the Delphi Method
in the late 1980’s. Participants developing this consensus definition included Ennis, Paul
and Johnson among the 46 experts in philosophy, psychology, education, social science

and natural science. The result of this process was one of the definitions included in
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Table 1 (P. Facione, 1990), along with six categories and 17 sub-categories of critical
thinking skill as well as seven dispositions of the ideal critical thinker (Appendix A). This
study has subsequently produced a number of assessment tools—a skills test, a
disposition inventory, and a holistic scoring rubric, among others. The APA definition
was selected for use in this study because of its broad and comprehensive development
process and availability of related performance measures.

Generalizability and Transfer

The questions of generalizability and transfer of critical thinking are two closely
related issues. If one advocates the generalizability of critical thinking, that is the notion
that CT skills can be applied in any number of contexts, then one would also likely
believe that their transfer to new and unique situations is possible. On the other hand, if
one believes that critical thinking is rooted in specific domains and that there would be
subject specific differences, then the possibility of transfer of critical thinking skills from
one domain to another would be unlikely.

Among the philosophical analysts of critical thinking, McPeck (1981) is the
primary advocate for subject specificity. He bases this claim on the assumption that
critical thinking occurs within discreet subject areas and is subject to the norms and
beliefs of that particular subject. What constitutes “good” reason is rooted within the
domain and therefore critical thinking occurring within another domain would not appear
the same. While acknowledging that there are some commonalities among domains (e.g.,
identifying assumptions), McPeck argues that these general concepts are not nearly as

important as considering how the skill is demonstrated within the particular domain

(Brell, 1990).
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Alternatively, Halpern (1998) supports the position that critical thinking is
generalizable in her statement of purpose for critical thinking: “...the goal is to promote
the learning of transcontextual thinking skills and the awareness of and ability to direct
one’s thinking and learning” (p. 451). Brell (1990) believes that a synthetic approach is
appropriate because general and domain specific skills work too closely together to try to
identify them separately. Similarly, Perkins and Salomon (1989) suggest that general
cognitive skills operate on a domain and are modified to work within it. Perkins and
Grotzer (1997) take a mediating approach to this debate by suggesting the use of both
approaches in order to compensate for the weaknesses of each.

With regard to the question of transfer, both Halpern (1998) and Perkins and
Grotzer (1997) present approaches that are consistent with the general literature on
transfer. Halpern focuses on explicating the structural elements of problems and
arguments so that the learner develops a schematic representation of these structural
elements for future use. The specific surface features provide the detail for the underlying
substantive structural elements. This is similar to the approach of providing practice on a
number of diverse cases of problem solving accompanied by reflective abstraction of how
they are similar and/or different (Perkins and Grotzer, 1997). Brell (1990) suggests a
completely different approach because he believes that the ability to transfer is rooted in
development of the dispositions rather than the skills. As a result he suggests that the
most important elements in promoting transfer are teacher modeling, challenging student
beliefs and engaging other viewpoints.

While the APA definition and its consensus report do not specifically address the

issue of generalizability, it is obvious that their assumption is that critical thinking is
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generalizable. Assessment measures developed from the definition are deliberately
content neutral and are designed for use in a college setting without regard to disciplinary
major.
Assessment

A variety of standardized tools exist that are geared toward assessment of a
multifaceted conceptualization of general critical thinking abilities. These instruments
often deal with such skills as deduction and induction, logic, credibility of sources, etc. in
a multiple-choice format. Paul and Nosich (1991) suggest that a comprehensive
evaluation of critical thinking would include both intradisciplinary and interdisciplinary
measures that examine both the selective and generative capabilities of students in this
area. Locally designed instruments serve as valuable formative evaluation measures and
provide high construct validity, but make comparison across contexts less meaningful.

Questions have also been raised regarding the sensitivity of standardized tests
(such as the Watson-Glaser Critical Thinking Appraisal) and their ability to detect any
impact that a change in a single variable (within a complex environment) might have,
especially over the short term (Adams, Stover & Whitlow, 1999; McMillan, 1987). Some
of the greatest impacts found in previous studies have occurred when using locally
developed measures. McMillan suggests that future studies use multiple measures
including standardized and locally developed measures (as do Paul & Nosich, 1991), as
well as student and teacher perceptions and evaluating written work in order to
triangulate results and give strength to the studies. Multiple measures are used in this

study.
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Instruction

Peters (quoted in Garrison 1991, p. 287) proposes that “There is no innate
tendency to think critically, nor is it easy to acquire.” Beyond not being innate, de
Sanchez (1995) specifically claims that it must be taught, it does not just happen. Much
attention has been devoted to the instruction of critical thinking and the study of
instructional results. However, there is still much disagreement about the effectiveness of
various methods. Part of that disagreement results from the challenges of conducting
experimental studies with such a complex cognitive skill in a multifaceted educational
environment. More than a decade ago, Resnick (1987) questioned what we know about
teaching critical thinking and determined that “if we were to demand solid empirical
evidence supporting a particular approach to higher order skill development before
implementing educational programs, we would be condemned at this time to inaction” (p.
34). Since that time her position has been confirmed in reviews by McMillan (1987),
Bangert-Drowns and Bankert (1990) Adams (1999), and Daly (2001).
Methodological Issues

In general, studies often deal with only one factor in a complex and
interconnected environment. They tend not to consider the impact of out-of-classroom
variables. Most studies have been either quasi-experimental or descriptive of an
instructional methodology with little evidence supporting its efficacy. Many are of short
duration and use small numbers of participants. McMillan found only 27 studies between
1950 and 1985 that used critical thinking as the dependent variable. Of those, 13 related
to instructional variables, seven were based on courses or course equivalents in critical

thinking, and seven considered students participating for one year or more in a
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comprehensive critical thinking program. His study resulted in a series of methodological
recommendations: measurement that coincides closely with intervention, control for
instructors and content areas, use of large samples, carefully developed instruments,
adequate designs, consideration of initial ability, and use of a variety of measures (e.g.,
combinations of measures such as student perception, faculty perception, locally
developed and standardized tests).

While these recommendations makes sense from the experimental perspective,
some directly conflict with other findings that suggest that the impact of the college
experience on critical thinking is a more holistic phenomenon for which controlled
studies are unrealistic. Other recommendations could be applied in a variety of
methodological approaches that more closely honor the complexity of the environmental
effect.

Since McMillan’s review of the literature, several studies have contributed to our
understanding of the impact of post-secondary education on critical thinking by using
large samples, although without experimental methodologies. A 1997 study by Noreen
Facione aggregated the data provided by nearly 8,000 cases in 50 nursing programs to
demonstrate the efficacy of the nursing curriculum in developing students’ skills and
dispositions in critical thinking. Tsui (1999) conducted a mixed quantitative and
qualitative study using the Cooperative Institutional Research Program (CIRP) data of
self-reported growth in critical thinking, followed by study of selected institutional
context variables thought to be associated with successful outcomes. One of the
weaknesses of the study is its use of self-reported growth as the only critical thinking

outcome measure.
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These studies share the strength of investigating large populations across multiple
institutions in exploring the features of instruction that influence critical thinking
development at the college level. While the Tsui study was weakened by the use of self-
reported growth in critical thinking as its dependent variable, the N. Facione study was
strengthened by its use of standardized measures of critical thinking ability and
disposition. Yet, Tsui’s mixed method design combined broad quantitative analysis with
targeted case studies as a means of cross-validating and allowing exploration of a broad
range of variables and identification of a number of environmental variables worthy of
further research.

Three other issues dominate basic methodological challenges in critical thinking
research. It is widely believed that critical thinking skills and dispositions develop over
longer periods of time and this makes experimental designs difficult, at least, and
probably inappropriate. The ability to make random assignment to instructional
conditions is limited and control for such variables as faculty impact, student engagement
and student characteristics is statistical only, if at all. Finally, the development of critical
thinking is likely a holistic phenomenon that involves both in-class and out-of-class
components (Pascarella, 1989). While it appears that there is an impact of the college
experience as a whole, it is not clear how strongly various components of that
environment each contribute.

Studies of critical thinking instructional process vary in how broad a view they
will take in studying instructional impact: the institutional level, the program or major

level , the single course, or the single instructional activity.
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Institutional Level

While there is little support for the efficacy of any particular instructional variable
or course design, there does appear to be an increase in critical thinking ability over the
length of a college education (Dressel and Mayhew, 1954; McMillan, 1987, N. Facione,
1997). Not all studies are confirmatory, however. A curriculum study by Mentkowski and
Strait (1984) at Alverno showed no significant differences in cross sectional study of
freshmen and seniors and showed gains in the longitudinal repeated measures study using
the Watson-Glaser Critical Thinking Appraisal, but not with other CT tests.

The large-scale study of nursing programs conducted by N. Facione (1997)
demonstrated gains in critical thinking skill across the nursing curriculum using both
cross-sectional and matched pre-test/post-test data. Gains in critical thinking disposition
for both cross-sectional and longitudinal populations were also evident, although much
less data was available in this domain. Other studies in this area have been unable to
demonstrate that the nursing curriculum produced greater critical thinking abilities in
“soon-to-graduate” senior students than in those just entering the major (Adams et al,
1999; Daly, 2001).

Alternative explanations (beyond curriculum impact) have been suggested and
explored. One such explanation is a developmental impact of age or maturation through
the traditional college years. While age/maturation cannot be ruled out as impacting
critical thinking development, several studies have found contrary evidence. Pascarella &
Terenzini (1991) report on a study conducted by Klassen (1983-1984) that showed gains
in critical thinking for non-traditional age (adult) students in a college environment but

not in a comparable sample not enrolled in college. Similarly, Steele (1986) found that
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differences in critical thinking between freshmen and senior students were much greater
than the differences among three different age groups in the senior sample. This suggests
that the impact of the college experience is more pronounced at completion of the
undergraduate experience than is the impact of age or maturation. However, the impact of
student withdrawals prior to senior year testing still plagues these lines of research.

A second alternative explanation relates to the impact of student characteristics
prior to embarking on the post-secondary education. Terenzini, Springer, Pascarella and
Nora (1995) suggest that pre-college characteristics explained more variance in critical
thinking performance than other variables. Important attributes were parents’ educational
level, number of hours spent studying, and number of non-assigned books read.
Similarly, critical thinking ability at college entrance has been shown to explain 44% of
the variance in gains over four years (N. Facione, 1997). Verbal SAT scores and socio-
economic status entered with significant beta weights in the stepwise regression of self-
reported CT growth in the Tsui study (1999). However, the model overall accounted for
less than 10% of variation in CT growth. These pre-college characteristics lost their
significance as other variables related to the institution, curriculum, class and out-of-class
experiences entered, indicating that other features of the educational experience mediate
these initial effects.

Program Level

There is less consistency in findings about curricular design effects (type and
frequency of courses). While some studies have found effects for course type (Astin,
1993; Dressel and Mayhew, 1954; N. Facione, 1997, Tsui 1999), others have not (Dressel

and Mayhew, 1954). Tsui (1999) suggests that some of the discrepancy about curricular
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findings is, in fact, a result of the influence of instructional approaches that have not been
considered. In this study, changes in Beta weights in a multiple regression suggest that
some of the change in critical thinking resulting from a course is explained by the
instructional methods used within it and perhaps the faculty member as well.

Dressel and Mayhew found a greater correlation between the number of general
education courses and critical thinking skill (using a measure grounded in social science)
than for professional related courses. Forrest (1982) also found higher critical thinking
skills in those with more general education. Winter, McClelland and Stuart (1981)
studied the nature of the general education curriculum and found that students enrolled in
an integrative general education experience demonstrated greater skill in critical thinking
than those in a traditional menu system. The N. Facione (1997) study confirmed the value
of specific critical thinking courses in developing skills, but demonstrated a negative
impact on disposition to think critically.

At the programmatic or curricular level, there appears to be some support that
certain aspects of curricular planning are related to positive critical thinking outcomes
(See Table 2). Specifically, programs in which nursing faculty have engaged in
discussions about what critical thinking is or have adopted it as a focus of instruction
have shown greater student outcomes in critical thinking skills and dispositions (N.
Facione, 1997). Curricular planning has a similar effect but, surprisingly, identifying
specific critical thinking outcomes appeared to have a detrimental impact on student skill
(but not disposition). However, a contradictory finding comes from Daly’s (2001) recent

study of the curricular effects of nursing programs that concludes with the suggestion that
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Program Planning Variables Versus Student CT Outcomes (N. Facione, 1997)

Program Variable CCTST (Skills) CCTDI (Dispositions)
Type of Data  Finding Type of Data Finding
Adopting a CT focus Aggregate *
exit
Faculty discussing the Aggregate * Aggregate exit  Consistently
meaning of CT exit higher than
overall population
Planning to make Aggregate * Aggregate exit  Consistently
curricular changes exit higher than
overall population
Recently implemented Aggregate ns
curricular change exit
Identifying CT Aggregate * Aggregate exit  Consistently
outcomes exit higher than
overall population
Requiring a CT course Aggregate * Aggregate exit  Consistently
exit lower than overall
population
Analyzing & Aggregate *
interpreting CT test exit &
score data longitudinal * = significant at p<0.05
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specific critical thinking abilities be identified as goals and that instruction and
assessment be designed to promote these abilities.

Specific to this study is a consideration of the curricular planning and
programmatic features of radiologic technology programs. In its 1995 educational
consensus conference, the American Society of Radiologic Technologists (ASRT)
identified critical thinking as the highest priority professional characteristic for both the
technical and baccalaureate levels of radiography practitioner. Superior critical thinking
skills were listed along with problem solving and decision making as desirable personal
attributes in this same study (ASRT, 1995). The Joint Review Committee on Education in
Radiologic Technology (JRCERT) includes a requirement for instruction and assessment
of critical thinking and problem solving in its standards for the accreditation of a
radiography program (JRCERT, 2001).

This 1995 ASRT National Educational Consensus conference asked the
professionals in attendance, “What educational base is needed to promote critical
thinking/decision making and scientific inquiry skills?”” (ASRT, 1995, p. 40).
Participants’ recommendations included the study of ethics, research methods, statistics,
management, cultural studies and higher-level math and science. More specific
pedagogical techniques were suggested as well: real world problems, case studies,
arguments and debates, and strategies to acquire, evaluate and synthesize information and
knowledge (ASRT, 1995).

One could consider the curricular recommendations to be consistent with Tsui’s
(1998) suggestion that liberal arts and interdisciplinary curricular elements are supportive

of CT. However, they are inconsistent with the experimental findings of Gressler (1976)
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with regard to the effects of research methods courses and with Dressel and Mayhew’s
(1954) findings with regard to science courses at some colleges.

The lone research study available in the radiology literature (Stadt & Ruhland,
1995) focused on student abilities measured with the Watson-Glaser Critical Thinking
Appraisal (WGCTA). WGCTA scores are compared with type of educational program,
student age and student work experience. While demographic characteristics of students
in associate degree and certificate programs were more similar, the critical thinking
abilities of the certificate students were higher than their associate degree counterparts.
Baccalaureate “near-graduators” displayed the greatest critical thinking abilities. One
potential explanation for the finding that students in certificate programs scored higher on
the WGCTA may be related to the development of CT skills during the more extensive
clinical practice component typically seen in the certificate level radiography curriculum.

As suggested in the previous section, the actual classroom practices may have a
greater impact on critical thinking outcomes than the specific elements of curricular
design.
Classroom Practices

In part due to the methodological limitations already mentioned, even more
variability is seen in investigation of instructional practices to develop critical thinking
skill and disposition. The McMillan (1987) review offered little direction to faculty
attempting to design courses and experiences that would help CT development. One
finding in the Dressel and Mayhew (1954) studies was that faculty mattered. Students
enrolled in different sections of the same course and taught by different faculty members

achieved differing levels of gain in critical thinking. While their studies were not

&
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designed to explore this specifically, this finding is likely a result of different
instructional activities and approaches used by different faculty members.

McKeachie, Pintrich, Lin and Smith (1986) used essentially the same studies as
McMillan (1987) with a meta-analytic (rather than box count) methodology and came to
a slightly different conclusion. Their findings suggest that three features of instructional
practice would improve student thinking: student discussion, emphasis on problem
solving, and verbalization of metacognitive strategies.

One of the more consistent findings across the literature is that engaging students
in discussions has a positive impact on thinking. This finding has been seen in large
studies, with both skills measures (McKeachie, 1988) and self-reported growth measures
(Astin, 1993: Tsui, 1998, 1999), in the classroom and outside of it (Astin, 1993; Light,
2001; Tsui, 1998), and when using quantitative as well as qualitative designs.

While not as consistently evidenced in the literature as student discussions,
empirical evidence suggests that instruction for critical thinking should attend to student
participation and active learning (Smith, 1977; Tsui, 1999), including solving problems
(McKeachie, Pintrich, Lin and Smith, 1986) writing and rewriting (Tsui, 1999), thinking
out loud (Logan, 1976, McKeachie, Pintrich, Lin and Smith, 1986) and reflecting on
learning (Tsui, 1999). In designing instructional experiences in the classroom, faculty
should consider how to involve students with their classmates in challenging activities
(Smith, 1977; Tsui, 1999) inside and outside the classroom (Tsui, 1999). Faculty
modeling of thinking practices appears to be beneficial when it is explicit (Logan, 1976;
McKeachie, Pintrich, Lin and Smith, 1986), as is faculty encouragement and use of

student ideas (Smith, 1977).
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Angelo (1995) develops the findings of McKeachie, Pintrich, Lin and Smith into
more directive pedagogical advice. Related to each of their three findings, he suggests the
use of student discussions that are planned, focused and interactive and connect both
backward in time to previous learning and forward to what is to come. He advocates
teaching problem solving methods explicitly, providing practice and assessment of
student performance. Finally, he encourages faculty to model critical thinking and
metacognitive processes and to provide opportunities for students to practice and use
them themselves.

Similar pedagogical recommendations have appeared in the discipline specific
literature of radiologic technology, albeit not of an empirical nature. Tsui’s (1998)
recommendation to let students design their own laboratory experiences was previously
suggested by Dowd in the context of radiography education as were active learning
strategies such as debates followed by a written paper and raw data interpretation (Bugg,
1997; Dowd, 1993).

Student Actions

Up to this point, this literature review has focused on those actions that are in the
control of institutions, programs and faculty, but has not looked at student actions.
Specifically important is consideration of student engagement in the various activities,
both in and out of the classroom.

Both recent and past publications have emphasized the importance of student and
faculty interactions outside of the classroom, beginning with Pascarella and Terenzini in
1978. More recently, the Tsui (1999) study has proposed recommendations for both

formal and informal out-of-class interactions between faculty and students. Faculty
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interactions comprised two of the four elements of out-of-class experiences featuring
prominently in supporting student growth in critical thinking. Similarly, Light’s (2001)
study of college freshmen confirmed the importance of this activity to student success in
college, although not specifically to critical thinking development.

As well, student interaction with peers, particularly engaging in discussion,
consistently appears as a finding supportive of critical thinking development (Astin,
1993; Pascarella & Terenzini, 1991; Tsui, 1999). However, the focus of these interactions
should be a healthy blend between the intellectual and the social as studies also suggest
that when social interactivity exceeds intellectual activity, then critical thinking growth
declines (Pascarella & Terenzini, 1991; Tsui, 1999; Winter, McClelland & Stewart,
1981).

The vast majority of the literature related to both student and institutional impact
on critical thinking development has focused on the skills of critical thinking. Equally,
and perhaps more, important is consideration of students’ tendencies to use the skills that
they have...their dispositions.

Dispositions

Few research studies addressed critical thinking disposition outside the discipline
of nursing. The N. Facione (1997) study found a general increase in student disposition
overall and in the subscales of the CCTDI generally. Interestingly, students taking a
critical thinking course demonstrated consistently lower levels of CT disposition than
those students not taking a course, although the number of schools reporting this data was
much smaller than for the rest of her study (n=50 to 57). Similarly, Colucciello (1997)

found significant increases through the final two years of the nursing curriculum in
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overall disposition and all but two scales of the CCTDI. The scales of Open-mindedness
and Maturity not only did not demonstrate significant increases, but showed a roller
coaster of scores from semester to semester. Both studies report overall weakness and
concern for development in the scale of Truthseeking.

These findings in the nursing student population may be characteristic of this
scientific domain rather than students in higher education overall. Arts and humanities
students tend to show greater disposition to critical thinking in many of the scales
(Giancarlo & P.Facione, 2001), while business, science and computer students show
lower overall disposition. The scales of Maturity and Open-mindedness in this study
demonstrated relatively high scores in freshman students thereby limiting the potential to
show gains over the course of the college years. In this study as well, students showed the
lowest tendency in the area of Truthseeking. This particular scale appears to be the most
difficult to develop.

So what should be considered in the instructional planning for the development of
both disposition and skill in critical thinking?

Developmental Process
Consistent with principles of instructional design and the study’s theory of critical
thinking, the following understanding of the development of critical thinking is the basis
for this study. This requires many of the same instructional processes that are necessary
for the development of other knowledge, skills and attitudes.
1. Pre-requisite knowledge. The ability to think critically about a particular subject
requires some foundational knowledge of that subject. Learners must have something

to think critically about (Resnick, 1997).
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2. Clarify that critical thinking is expected. The instructor needs to be sure that
learners are clear about the need for critical thinking in order to successfully complete
the task. Consider a case study task that asks students to describe how they would
solve a particular problem. It might be clear to the instructor that in order to perform
this task successfully, one should consider a variety of possible solutions, evaluate
each possibility and then choose the solution that most closely matches one’s values
and assumptions. On the other hand, students might not be clear that this critical
thinking approach is expected and could present the first solution that comes to mind
without careful thought about alternatives. This may be especially true when the
learners’ educational experiences have not historically called upon this type of
approach.

3. Motivation to engage in critical thinking. Critical thinking, as opposed to more
superficial cognitive activity, requires effort from the learer. The learner’s
willingness to invest the effort that it takes to think critically is impacted by a number
of variables that are similar to the considerations in general motivation theories:
intrinsic factors, task factors and environmental factors. One way to examine this is
based on the expectancy theory of motivation. In order for a student to engage in
critical thinking, the student has to perceive the task to have some value, believe that
the outcome of engaging in the task will be worthwhile, believe that s/he can be
successful in completing the task and believe that the time invested will be worth the
benefits achieved.

4. A task that calls on critical thinking processes. According to the definition of

critical thinking used in this study, CT processes include those that would be included
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in the categories of interpretation, analysis, evaluation, explanation, inference and
self-regulation. Instructional tasks must draw on these processes, the more explicitly,
the better.
3. Feedback on CT performance. One important element of instruction in general is to
provide the student with feedback about his/her performance on the assigned tasks.
This is also important in critical thinking as the student needs to understand how well
s/he is performing on the specific task and where improvement can be made.
Ultimately, the critical thinker develops the ability to evaluate his/her own thinking as
an outgrowth of skill and disposition development.
6. Use of feedback to strengthen or correct critical thinking or understanding.
Consistent with item number five, the feedback provided about performance must be
used by the student to further the development of critical thinking skills and/or
dispositions or the learner’s understanding of the discipline of study.
Summary
The student development in higher education literature, influenced heavily by
Astin, Pascarella and Terenzini, suggests that development is a holistic phenomenon
rather than a singular one. This is evidenced in the following quote by Pascarella (1989)
in reference to the impact of college:
...rather than any one particular experience, it is the student’s total
engagement in the intellectual and social experience of college that
positively influences the development of critical thinking ability.
Yet, few studies of critical thinking have attended to studying the student experience as a
whole, Tsui (1999) being one exception. Even considering only the academic portion of

the college experience in its totality is rare. I did not find any reports that focused
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specifically on the academic experiences of an entire undergraduate education.
Radiologic technology is a suitable discipline in which to embark on such an endeavor
given its curricular structure and programmatic elements. This study explores the
academic environment with the intention of teasing out the elements that are important in

programmatic attempts to address critical thinking in the curriculum.
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CHAPTER 3
Methodology
Research Question

The research focused on the core question: “How do instructional practices
focused on critical thinking contribute to the quality of critical thinking outcomes?”
Supporting questions help to add definition to the concept of instructional practices: How
do educational programs plan for comprehensive critical thinking instruction? What
features of planning are related to successful outcomes? Does the use of instructional
activities calling on specific critical thinking processes result in high quality CT
outcomes? What implementation strategies enhance or diminish the effectiveness of the
activity? How do all these features combine to impact CT skills and dispositions?

Researcher Impact

I have already stated my belief that critical thinking is a skill that is slow to
develop but need to expand that to include a conviction that dispositions are even slower
to develop. There are other beliefs and assumptions that I must identify in the context of
conduct.ing this study. While there is a certain intellectual capability that must be present
in order for critical thinking to occur, I believe that the capacity and the will to think
critically will not develop naturally, they must be learned. While they can be learned on
one’s own and in the context of experiential learning, they also can be learned in the
context of formal education. Therefore, I believe that critical thinking can be taught and
that the skills and dispositions of the teacher are critical to the effectiveness of that

instruction.
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Given that belief, my discussions with educators in many disciplines in the past
two years, and my knowledge of my own discipline, I began this research with other
assumptions. I believed that many radiography educators would use unsophisticated
instructional approaches: (a) they would have an intuitive sense of what critical thinking
is, (b) they would believe they were teaching for CT, but probably weren’t, and (c) they
would use naive methods of assessment. I struggled to admit this to myself and to my
faculty advisors because it is demeaning to my profession and that does not feel very
good. But the admission provided perspective, so that in my fieldwork I was more careful
to try to accept that it was there, but was prepared to believe that it was not.

This study is based on the assumption that critical thinking skills are transferable.
If they were not, it would make no sense to use a standardized, content neutral test of
critical thinking. Rather, [ would have developed and used a discipline specific tool. Part
of this belief is based in my work with the APA’s consensus definition of critical thinking
and my experience in using this model in multiple disciplines. Through that practical
research experience, I have seen that the underlying critical thinking processes are much
the same in a variety of disciplines. If the underlying processes are the same, they should
in fact be transferable. While I am aware of the issues surrounding the question of
transfer, it is not a major feature of this study.

The final area of researcher impact on this study is not one that is unique to me or
even this study. It is a phenomenon associated with every type of research: we do not
know for sure what impact our mere presence has on our research environment. Were the
individuals in these programs geared up to talk about critical thinking with me? Sure they

were. Had they talked more about it in the week or two days preceding my visit? Maybe,
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if they had the time. The one area of the study where this could have the greatest impact
is in discussion of the importance of critical thinking as a goal for the program. The
reality is that there are many competing goals for any educational program, and
particularly for one that has a credentialing examination and is preparing students for
careers in patient care. I can’t be at all sure that the ratings of importance that participants
gave were particularly real. In fact, in retrospect, I should not have even asked the
question.

Of greater concern in this respect, however, is my own interest in critical thinking
and the impact that this had, not only on the conduct of the research, but in the
interpretation of the data. I found it difficult to be an interviewer and observer,
particularly with those faculty who were struggling with how to teach for critical
thinking. Here the intersection of being a teacher at heart and my own knowledge of
critical thinking created a struggle to keep asking questions without giving advice and
without leading the participants in a direction they wouldn’t have otherwise gone.

With beliefs and assumptions exposed, it is now time to get to the business of
revealing the methodology with which I attempted to answer my research questions.

Overview

This study used a theoretical replication, multiple-case study design. This design
uses multiple cases, each selected because the outcomes are expected to vary in
theoretically predictable ways (Yin, 1994). The basic research question, “How do
instructional practices focused on critical thinking contribute to the quality of critical
thinking outcomes?” served as the foundation for case selection. The approach was to

identify cases where instructional practices varied and then examine deeply those
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instructional practices and measure student critical thinking outcomes. It would also have
been possible, perhaps even preferred, to answer this particular research question by first
identifying cases where the outcomes were different and then conducting an in-depth
analysis of instructional practice. However, this approach presented both logistical and
methodological challenges that were prohibitive.

Information about instructional activity use was gathered via a survey of the
directors of associate degree radiologic technology programs. Survey results were used to
identify programs that claimed to have a high, medium, or low proportion of instructional
focus on critical thinking and to gather demographic information about the program (e.g.
size and selectivity). Three programs, one at each level of instructional focus, were
selected for more in-depth study and standardized critical thinking outcome measures
were administered. I chose programs with comparable selectivity and student/faculty
ratios and gave preference to programs with larger numbers of faculty and students.

In-depth study of the instructional practices of each program was conducted via
phone interviews, site visits and document review. Program and course level documents
were examined for evidence of critical thinking definition and instructional activity use.
Faculty were interviewed about program and course level planning and implementation.
Where possible, classroom observation provided information about the nature of the
classroom environment and in some cases allowed observation of an important CT
instructional activity or demonstration of student outcomes.

Students completed a questionnaire about instructional activity use, a critical

thinking skills test and a critical thinking disposition inventory. Focus group interviews
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were conducted with a mixed group of first year and “about-to-graduate” second year
students.

For each case study, a mixture of qualitative and quantitative data was obtained.
Student outcomes data was primarily quantitative (skills test and dispositions inventory
scores), but student work was also examined, providing a qualitative source as well.
Instructional practice information is primarily qualitative data comprised of interview
transcripts, classroom observations and document analyses. However, faculty and student
survey questionnaire results provide a quantitative perspective to the instructional
practices side.

Data Sources

This combination of qualitative and quantitative methods requires a wide variety
of data sources. Table 3 summarizes the various sources and their use in answering the
research questions. Multiple data sources contribute to the study of each question,
although not necessarily both quantitative and qualitative.

Survey

The survey was designed to gather information about the program features of
curricular design, selectivity, program size and instructional practices. The instructional
practices section included descriptions of 17 activities that could be used to develop
students’ critical thinking (see Appendix B). The APA consensus definition (P. Facione,
1990) was used to develop the descriptions, one from each subcategory of the skills
section of the definition. Program directors were asked to choose among gross indicators

(not at all, a little, moderately, a great deal) of how frequently each of the activities would
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Research Question/Purpose

Data Source

Participant

Case Selection Survey Program Director
Validate program director’s response  Survey Faculty and
to survey Students

Program planning for instruction:

Includes methods of planning,
resources used, curricular design,
definition and importance,
communication, and assessment

Document Review
e Meeting minutes

e Accreditation self-study

or equivalent
¢ Handbooks and
marketing materials

Program Level Interviews

Program Director

and Faculty
Student Focus Group Students
Instructional activities Syllabus and Course
Materials
Course Level Interviews Faculty
Classroom Observations Faculty and
Students
Implementation Course Level Interviews Faculty
Strategies/Effectiveness
Student Focus Group Students
Student Critical Thinking Outcomes  CCTST Students
CCTDI Students
Student Papers and/or Students

Presentations
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be required of students in their program. Program directors were also asked to indicate
their willingness to participate in a follow-up phase of the study.

The survey was distributed to 306 associate degree programs in the United States
that are approved by the American Registry of Radiologic Technologists (ARRT). These
included programs that are accredited by the Joint Review Committee on the Education
of Radiologic Technologists (JRCERT) or the six regional accrediting agencies for post-
secondary institutions. Each program was assigned a number that was used for tracking

completion, second requests for participation and for follow-up with those indicating a

willingness to participate further. Program directors received a letter of invitation to
participate and were directed to a web site to complete the survey. After a follow-up
reminder sent two weeks after the initial invitation, 83 program directors had completed
the survey for a response rate of 27 percent. One survey was unusable for follow-up
because no identification was present.

Exploratory analysis of the survey results was conducted in preparation for its use
to solicit participants for the case study phase. Completed surveys were coded for
program selectivity (high, low or unknown) and willingness to participate in the case
study phase. Responses in the instructional practices section were assigned a number
value (0 to 3) and a cumulative instructional practices score (CTIP score) was calculated
for each program, with the maximum score being 51. The mean CTIP score for all
respondents was normally distributed with a mean of 30.6 and a standard deviation of
8.36. With CTIP as the dependent variable, statistical comparison of the means was used
to examine the data for group differences based on selectivity and willingness to

participate (detailed results and analyses in Chapter 4). This analysis helped to decide that
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it was methodologically sound to proceed with selection of case study participants from
either the low or high selectivity groups of potential participants.
Case Selection

Survey results were used as the basis for case study site selection. Since student
outcomes were to be used as a dependent measure in the case study phase of the research,
the selectivity of the program became an important element of site selection. It was
important to study sites of similar selectivity in order to reduce the potential impact of
student ability on outcome measures. The programs used a wide variety of selection
procedures, including college entrance examinations, high school GPA, college pre-
requisite course GPA and other more subjective measures. Programs reported SAT/ACT
college entrance exam scores or selected from fixed choice options related to high school
record. Low selectivity was defined as SAT or ACT scores at or below the national
average or reporting that students graduated from the top half of their graduating class.
High selectivity schools reported SAT/ACT scores higher than the national average or
students graduating from the top ten or 25 percent of their graduating class. The low
selectivity group was chosen as a focal area for a number of reasons: (a) there were more
cases in the group, (b) there was a greater range of CTIP scores in this group, and (c) it is
broadly believed that the influence of instructional practice is greater with students of
lesser ability.

The original plan for case selection was to study two programs reporting high
CTIP scores and two reporting low scores. It was not possible to find two schools in each
category that met other criteria of the study (class size, number of faculty, willingness to

participate, summer graduation date). The methodology was revised to study one
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program with a low CTIP score (10™ percentile) one with a moderate score (50™
percentile) and one with a high score (90™) percentile. This reduced the pool of potential
participants from 28 to seven (three low, two medium and two high). Within this pool,
class size, faculty-student ratio, graduation date and geographical distribution were
considered.

Potential participants for the case study phase of the program were solicited
initially by telephone. Those programs meeting the above criteria and responding “yes”
to the “willingness to participate” question on the survey were contacted first. Telephone
contact allowed discussion of the study with the program director using a question and
answer guideline prepared in advance. The first three programs contacted in each of the
levels of CTIP score indicated continuing interest in participation. Further documentation
about the study was mailed (or e-mailed) to the director including: (a) a letter of
invitation, (b) a one page description of the study detailing data collection procedures
with each group of participants and student incentive information, (c) a site visit schedule
request identifying required and optional activities for the visit along with estimated time
requirements, and (d) consent forms for the institution, faculty and students. A follow-up
telephone call provided the opportunity to clarify the requirements of the study, obtain
verbal permission and agree upon the site visit schedule.

Prior to the site visit, the schedule was confirmed and varying amounts of
documentation were reviewed. Each program’s web site was consulted to gather
information about program philosophy and curricular structure. Some sites provided
copies of course syllabi in advance of the visit, as requested. One site also provided

copies of the student and clinical faculty handbooks.
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Site Visits

Site visits were conducted in May and June of 2002. The visits consisted of
interviews with the program director and all other didactic faculty, classroom
observations, student participant testing and a student focus group interview. Program
and course documents were also reviewed while on site. All contact with students in the
program was in scheduled events, no informal discussions were included in the data.

The first two site visits were conducted in a consecutive two-week period, with
the final visit following some five weeks later. The length of the visit was planned for
three to four days depending on the schedules of students, faculty and classes. The visit to
Site B was shorter at two and one-half days because of last minute scheduling conflicts.
Follow-up telephone interviews were conducted with faculty to complete the interview
process.

Participation.

Each program director was asked to secure participation from faculty members in
whatever way s/he determined was appropriate. The visit schedule indicated the faculty
who would be participating, along with the testing, student focus group and classroom
observations. Each faculty member received both a verbal and written explanation of the
study at the beginning of the interview, including the opportunity to decline participation.
A consent form was signed and verbal consent to tape the interview was obtained.

Student participation was also at the program director’s discretion. An incentive
for students to participate was provided to each study site. For each activity in which a
student participated, s/he would receive one entry into a drawing for a membership to the

American Society of Radiologic Technologists. In order to motivate those second year
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students participating in the skills testing component to try to do their best on the
examination, each student who scored at or above the national average on the skills test
received an additional entry in the lottery. When student events were scheduled early in
the morning or at lunchtime, breakfast or lunch was provided.

The three sites handled student participation and scheduling differently. Site A
scheduled student testing on an afternoon when clinical practice was scheduled and gave
students the option of staying at their clinical site or coming to campus to participate. All
second year students participated. Site B students were asked by the program director to
stay after classes, on their own time, to participate in the testing and to come in one hour
early to participate in the focus group. Eight of 14 students participated. Site C students
were given the option during a five-hour class on campus to perform practice board exam
tests or participate in the critical thinking testing and focus group. Five of 15 students
participated. However, all second year students agreed to complete the survey
questionnaire and permitted access to their college admission records and transcripts.

For classroom observations, I obtained the consent of both the faculty member
and students. Since the students did not have the option of leaving the classroom if they
chose not to participate, they were asked to sign an individual consent form that allowed
them to indicate that any data that they produced would be eliminated from notes or
transcripts. Each student seat was assigned a number and each student interaction in the
classroom was recorded by number so that the consent procedure could be implemented.
One student at site A and one student at site C indicated that they wished not to
participate. At Site B, the classroom observation was conducted in a class where students

were the presenters. In this case, only the student presenters were asked for consent.
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Program level interviews.

Following completion of the consent form, I conducted semi-structured interviews
with the program’s director and each of its faculty. The focus of these interviews was to
investigate the issues of critical thinking definition, program planning, faculty preparation
in instructional approaches to critical thinking and curricular contribution to critical
thinking instruction. Each lasted approximately one hour, was tape-recorded and
followed the basic structure of the interview protocol (Appendix C). The protocol
questions were effective in obtaining the desired information and were changed little
through subsequent uses. Beyond the structured questions, I asked clarifying questions
and restated participants’ replies in order to verify my interpretation. I asked each faculty
member other than the program director to complete the instructional practices section of
the initial survey used with the program directors and provide demographic information.

Course level interviews.

I interviewed each teaching faculty member about the course(s) that s/he teaches.
The amount of time that each participating faculty member had available for interview
varied. It was estimated that each course level interview would take approximately 30
minutes, but many took more time than that. I intended that each faculty member would
be interviewed about each course that s/he taught in order to paint a comprehensive
picture of each program’s instructional practice. For a variety of reasons, that goal was
not achieved in its entirety at any of the sites. In some cases faculty were unable to devote
that much time, while in other cases it was obvious that the faculty member used the

same methodology in multiple courses.
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Course level interviews sometimes followed the program level interview and in
other cases were completed over several periods of time. I asked faculty to identify the
goals and objectives for the course and to describe the instructional activities that were
used to develop students’ critical thinking. After the faculty member described all of the
activities that s/he could think of , I asked him/her to review a collection of suggested
activities or prompts to help further recall of additional activities. The activities that were
identified were then used as the basis for questions about effectiveness and how to make
critical thinking activities be more effective. The interview protocol is contained in
Appendix C.

The use of the collection of activity prompts (Appendix D) was problematic.
Prompts similar to those used on the initial survey were made more specific and applied
directly to the context of radiologic technology. I asked the faculty member to consider
the cognitive activity being called upon by each prompt in a context neutral way and then
to consider whether any similar type of activity was used in his/her class. Faculty were
unable to separate the context from the prompt and think about it in relation to the
relevant course. For example, a prompt asking about students using a case scenario as the
basis for consideration of multiple possible solutions to a problem in the context of a
science course was seen as not applicable in a course related to medical ethics. Whereas
the intention was that this prompt would trigger the faculty member to talk about using
case scenarios for the students to consider multiple possible perspectives in an ethical

dilemma, the faculty member merely saw it as an example pertaining to a subject area
that we were not talking about. In one interview at the final site visit, I explained the

underlying cognitive task for each of the 39 prompts. This was somewhat more effective
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but lengthened the course interview time considerably and was not used in subsequent
interviews.

Document review.

A variety of documents were reviewed at both the program and course levels.
Program level documents included student handbooks, clinical faculty handbooks,
accreditation/institutional effectiveness reports, program faculty meeting minutes, and
college catalogs or brochures. These documents were reviewed and coded primarily for
information related to program level planning features. These included evidence related
to goals and definition of critical thinking, communication of these goals to the students
and clinical faculty members, assessment of critical thinking, planning for instruction in
critical thinking and faculty development for critical thinking.

Course level documents included syllabi, laboratory manuals, sample
assignments, course outlines, grading criteria, clinical evaluations, case scenarios, and
textbooks. These documents were collected as evidence of the instructional practices of
individual faculty members and collectively of the program. They were used both in
triangulation of interview data as well as to enhance the detail available about the
particular course. They were analyzed primarily on the basis of their ability to support
critical thinking instruction and were coded according to the activity type, evidence for
critical thinking, and APA category (See coding schema in Appendix F).

Student focus group interviews.

Each student focus group contained a mixture of first and second year students.
Participation ranged from eight to twelve student participants. Again, a semi-structured

interview format was used (protocol in Appendix C). Students were each assigned a
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number and the data was collected by student number. Some questions were opened to
the whole group for whoever wanted to answer; others were “round robin” where each
student took his/her turn at answering. The focus group design also included a roundtable
activity (Revak and Fitzkee, 1999) that asked students to work in small groups with the
others at their class level (first or second year) to brainstorm and then prioritize what
made instructional activities effective and ineffective at getting them to think critically.
This activity was altered slightly through iterations of the focus group process in order to
get students to focus more specifically on the features of an activity that make it work for
CT rather than identifying various types of activities.

Student testing.

Since my focus was to examine student outcomes near graduation, only second
year students were invited to participate in the testing portion of the study. They were
asked to complete three tasks: (a) the instructional practices questionnaire that the
program director and faculty completed, (b) a critical thinking disposition inventory, and
(c) a skills test. After signing consent forms the three tasks were completed in that order
and over a period of approximately 90 minutes.

The California Critical Thinking Disposition Inventory (CCTDI) is designed for
use with adults and intended for use in program evaluation and personnel development. It
is based on the dispositions identified in the 1990 APA Delphi study and reports scale
scores for each of the seven dispositions: 1) truthseeking, 2) openmindedness, 3)
analyticity, 4) systematicity, 5) CT self-confidence, 6) inquisitiveness, and 7) cognitive
maturity. Scales were determined by factor analysis, which resulted in non-orthogonal

and non-discreet factors consistent with its theoretical definition. It is composed of 75
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items using a 6-point Likert scale. Reliability of overall disposition is reported as 0.90
(Cronbach’s Alpha) for the total inventory and from 0.72 to 0.80 for the individual scales
(P. Facione, N. Facione & Giancarlo, 2000).

The California Critical Thinking Skills Test (CCTST) is a standardized, 34-item,
multiple choice test with discipline neutral content for assessing the core critical thinking
skills identified in the APA Delphi Study (P. Facione, 1990). The tool is designed for use
in post-secondary settings and can be used as a placement instrument, an assessment
instrument and an evaluation instrument. Six scores are reported, an overall score and 5
subscales: 1) analysis, 2) evaluation, 3) inference, 4) deductive reasoning, and 5)
inductive reasoning. The 34 items are divided first among the three subscales consistent
with the APA definition: analysis, inference and evaluation. The same items are also
partitioned between the more traditional dimensions of deductive and inductive
reasoning. Sub scores are not independent of one another and cannot be used to identify
specific strengths and weaknesses. The internal consistency reliability reported by the
Kuder-Richardson 20 ranges from 0.70 to 0.84 (Blohm, Howard & Giancarlo, 1998).
Evidence of theoretical construct validity is provided by an experimental validation study
conducted with students completing a critical thinking course and under conditions likely
to produce no significant differences. Even so, the instrument demonstrated gains for
students in the experimental group, but not the control group. Significant correlations
have been found between the CCTST and the Graduate Record Exam (r = .72), the
Watson-Glaser Critical Thinking Appraisal (r = .41 - .54), the SAT (r = .55 verbal; .42 -
.44 math) and ACT (r = .40) college board exams, and Nelson-Denny reading test (r =

.49) (Blohm, Howard & Giancarlo, 1998).
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Data Analysis
Instructional Practice Data

Interview data was processed in a number of ways. Before the tapes were released
for transcription, I listened to them and took notes, using the initial research questions as
a guide. Short phrases were recorded where specific language was important. Quotes
were generally used with respect to definition and goals, program features and features of
successful or unsuccessful activity implementation. Interpretive notes were made where
data were more objective or easily classified, such as courses that impact critical
thinking, assessment, communication and types of instructional activity.

I transcribed the student focus group interviews myself and distributed them to the
students for review. This transcription required listening to the tapes in their entirety
twice. The first round was actual transcription of the text of the interview. The second
round attributed each passage to an individual student by number. The order in which
students spoke during the focus group had been recorded and the passages had to be
aligned with the numbers. In some cases, students interrupted one another or several of
them spoke at once and this attribution was difficult or impossible.

Most faculty interviews were transcribed by an assistant and then reviewed. While
the interviews were being transcribed, data analysis continued. The interview notes
described above were used as the foundation for building matrices of faculty and student
perceptions in each of the 13 categories of data collected. I used these matrices to identify
common themes among the various faculty and students who were interviewed. Notes
were made about how phrases were being interpreted and combined. Similarities and

differences between phrases were analyzed and recorded.
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The next step in data analysis was to synthesize and analyze the perceptions of
faculty and students from the interview with their actions as evidenced in the document
analysis. First, the data from the two sources were combined into a single document. For
each course, CT related course objectives and assignments from the syllabi were
integrated with the data from the interviews and classroom observations, where relevant,
in creating a comprehensive picture of the course. Then this compilation of course data
was examined from a number of different angles: (a) match between objectives and
activities calling on CT, (b) match between type of CT processes indicated in the syllabus
and by the associated activities, (c) themes related to design or implementation of the
activities (grading, verbal vs. written, group, planned, feedback), and (d) counts of
various types of activities and CT processes used.

At this point, a comprehensive case analysis was prepared for each site following
the template suggested by the research questions. The goal was to begin to develop a
sketch of each site in relation to the key research questions. This activity forced some
early exploration of themes that would become relevant in cross case comparisons.
However, since the data that was being used from the interviews at this point was not
directly from the transcripts, only broad brush strokes were filled in, specific features
remained to be uncovered. Coding schemes were developed, tested and modified. Some
of these schemes would be applied directly when the transcripts became available, others
would be discarded and reinvented at that time.

When the interview transcripts became available, a new library of data was
developed in each of the relevant categories: definition of CT, activities used, and

implementation strategies. In addition, evidence of attention to dispositions in critical
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thinking was seen, and so a fourth category for dispositions was added. This library was
created by marking up physical copies of the transcripts for data related to each of the
four categories and then blocking those text sections electronically, tagging them with
interview reference data and importing them into a matrix for analysis. A matrix was
developed for each of the four categories that summarized the perception data for each
school and across the schools. By vertical review of the matrix, it was easy to scan the
data for an individual site. By horizontal review of the matrix, [ was able to detect the
similarities and differences among the three sites.

These matrices of transcript data (example in Appendix E) were then coded along
the various dimensions related to the category. This is where the previous analytical work
was a benefit, in that coding schemes were already developed. Most required only minor
modification, but one was abandoned at this stage. For instance, in the category of
instructional activities, early analysis had suggested that case scenarios, experiments, film
critiques, questioning techniques and research papers would be relevant coding features.
However, at this early stage, it was not apparent that it would also be important to code
for evidence descriptors or CT processes. These coding schemes were developed during
the second stage of analysis as coding mutated from a strict activity description. It was
necessary at this point to go back and recode all of the activity data along four
dimensions: activity type, student or faculty focus, evidence and CT process. Not all
entries in the matrix could be coded on all four dimensions, but most could be. Initially,
the CT process descriptive terms looked a lot like the terms used for coding the
definitions data, so the same coding scheme was applied. It later became apparent that

these descriptors were closely aligned with the six APA categories and so these original
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descriptions were again modified to be consistent with that coding scheme. This step
allowed for more direct analysis of perceptions, syllabus data and initial survey
questionnaire data.

The codes assigned to each passage and each site were transferred into yet another
matrix for further analysis (coding scheme in Appendix F). Here codes were sorted and
counted and patterns of use were established for each site and across all the sites. This
was the beginning of the cross case analysis. These coding matrices allowed for easy
identification of similarities and differences across sites as well as features that were
unique to a particular site. Activities that were seen with high frequency (case scenarios
and film critiques) were further analyzed for patterns of usage in evidence and CT
processes within and across sites.

The category of implementation strategies followed this same process. However,
at the point of trying to develop written descriptions for both individual and cross case
findings, it became very difficult to come to any summation or comparison. While they
could be counted and compared, they didn’t seem to make any practical sense. These data
were examined yet again and a new coding scheme was developed that was able to bridge
theoretical concepts with their practical application.

As a result of the two stage processing and coding of the qualitative data, first
from notes and then from transcripts, coding and analyses were confirmed and revised.
During the first four months of analysis, | always worked with data from one program at
a time, first from notes and then from transcripts. After being immersed in one site’s data
for two to three weeks, I left it alone for more than a month. When I returned to look at

that data again, in some respects, it was as if I were looking at it for the first time. Since I
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was the only person coding most of the data, this temporal separation from it was
important to ensure reliability and stability of coding. To further enhance this reliability,
a small sample of interview and classroom observation data was reviewed a third time
following completion of the first draft of this document. This final review provided
further clarification of the distinction among the various codes and resulted in minor
coding changes.

The quantitative data related to instructional practice appears in the responses of
students and faculty to the survey questionnaire. Student responses were averaged across
all participants and faculty and program director responses were averaged together. These
two groups of data were visually compared for consistency of ratings between students
and faculty. A comparison was made for each statement and then a conclusion was drawn
about the comparability of the perceptions of faculty and students about how much each
of these activities was required in the program.

Student Qutcomes Data

The results of the CCTST and CCTDI for the cohort at each site included
individual scores (both total and subscale) and group descriptive‘ data. In addition,
normative data was available for the skills test. Because the number of participants was
unequal and lower at sites B and C than had been hoped for, statistical comparison of
results was performed but does not serve as a foundation of the analysis. While
differences in performance are seen among the various student groups based on
descriptive statistics, these results can only be seen as suggestive of some possible

differences. Therefore, type II errors are likely in this study.
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Samples of student work were also available for analysis. These were primarily
research papers, but included four in-class presentations as well. This data was analyzed
for evidence of critical thinking and then coded using the APA categories for critical
thinking skill (see Appendix A). The amount of data of this type that was available is
quite small and so is limited in its ability to provide the ability to triangulate the findings
for student outcomes.

Finally, the cross case analysis was used as a spring board for the most important
question of all, “so what did you find?” As recommended by Miles and Huberman
(1994), conceptually ordered displays were used to organize the data related to the major
research questions. Similarities and differences among the various sites became obvious
with this visual display of the data. This matrix was also used to connect the distinctions
among my three sites back to the theories of instruction in critical thinking. The matrix
was reduced to those conceptual areas that differentiate the three sites and is presented in

Chapter 7.
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CHAPTER 4
Whole Group Quantitative Results

This chapter will summarize the results of the instructional practices survey used
as a basis for case study selection and the data from the two measures of critical thinking
outcomes. This data will supplement that provided in the previous chapter to further
explain site selection. In addition, it will serve as a preliminary explanation of the data
provided by the two critical thinking measures, the California Critical Thikning Skills
Test (CCTST) and the California Critical Thinking Disposition Inventory.

Survey Results

Eighty-three programs responded to the invitation to complete the web-based
survey about instructional practices for critical thinking. The surveys provided data
indicating how frequently the program director believed the program addressed each of
17 different critical thinking activities. In addition, demographic information about
program size, selectivity, accreditation status and graduation date was collected. Program
directors were also asked to indicate their interest in participating in the follow-up phase
of the study.

A cumulative score for critical thinking instructional practices (CTIP) was
calculated for each program. This score became the indicator of how much critical
thinking instruction was occurring in each program. Programs reported CTIP scores
ranging from 7 to 48, with a mean score of 30.63 and standard deviation of 8.36. For
reference, a school reporting “a little” activity for each of the 17 prompts would score 17,
one reporting “moderate” activity would score 34, and one reporting “a great deal” of

activity on each would score 51.
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The intention was to select programs demonstrating both high and low amounts of
critical thinking instruction, so programs were rank ordered once the scores were
calculated. In addition, programs of similar selectivity were desired, so each program was
coded as being low, high or unknown selectivity.

Early analyses of CTIP scores were performed to assess potential differences
among the various groups of respondents. The following questions were posed: Do
programs with higher selectivity engage in more critical thinking instruction and |
therefore report higher CTIP scores? Do program directors willing to participate in the
follow-up phase of the study come from high CTIP schools? Do those schools that are
potential sites for follow up differ on their CTIP scores based on selectivity? The results
of those analyses follow.

1. Selectivity: One-way ANOV A was used to test for differences in reported

CTIP score among programs reporting high, low and unknown selectivity. While

the more highly selective programs reported higher quantity of instructional

practice use (n = 19, M =32.79, SD = 8.07) than unknown (n = 25, M = 30.20, SD

= 8.07) or low selectivity schools (n =38, M =29.84, SD = 9.66), CTIP scores did

not differ significantly among the three groups, F(2,79) = 0.831, p = 0.44.

2. Willingness to participate in case: Survey respondents indicated either a

willingness to participate in the case study phase, an unwillingness to participate
further or a request for more information. Those reporting a willingness to
participate or a request for more information were combined in a group of
potential case study participants, while the non-potential group included both

those specifically saying no to further participation and those that left the item
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blank. Independent samples t-test was used to test for differences in CTIP score
between the two groups. Those respondents in the potential case group (rn = 50)
reported a lower quantity of instructional practice use (M = 30.02, §D = 8.78), but
the mean was not significantly different from the mean for those that were not
potential cases (M = 31.59, SD = 7.78), #(80), p = 0.41.

3. Selectivity of potential cases: The smaller group of respondents coded as

potential participants in the case study phase (n = 50) were again tested for

differences among reported CTIP score along the same levels of selectivity

identified previously. Here again, highly selective programs (n =9, M = 32.22,

SD = 6.89) reported more CT instructional practice use, but not a statistically

higher use than the other groups, (2, 47) = 0.339, p = 0.72.
As aresult of these analyses, the low selectivity group was chosen as the study
population with reasonable confidence that they did not differ in predictable ways from
the high selectivity group. The low selectivity group was chosen because it contained
schools with a wider distribution of CTIP scores and therefore presented the greatest
range of instructional practice variation for the study.

Student Outcomes for Critical T hinki'ng

A total of 25 students took the California Critical Thinking Skills Test (CCTST)
and California Critical Thinking Disposition Inventory (CCTDI), 12 from Site A, eight
from Site B, and five from Site C. The results of the whole group on these two measures
will be presented in this Chapter with individual program results reported in each case

report of Chapter 5 and the cross case analysis in Chapter 6.
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California Critical Thinking Skills Test

The CCTST is composed of 34 multiple choice questions and reports a total score
as well as five subscale scores. The first three subscale scores follow the categories of the
APA consensus definition on which the test is based. They include Analysis (which also
includes the APA category of interpretation), Inference, and Evaluation (which also
includes the APA category of explanation). The other two subscale scores report on the
more traditional dimensions of deductive and inductive reasoning.

Table 4 contains the descriptive statistics for this group of students as well as
comparison information from a national sample of baccalaureate level undergraduate
students. Comparisons should be made with caution since the students in this study were
near completion of their Associate level degrees, while the comparison group were
completing baccalaureate degrees. This comparison is made in part because there has not
been enough data collected as yet to provide comparisons for associate level students. In
addition, as will be seen in Chapter 5, students completing the associate level of these
radiography programs are more similar to junior status college students because of the
programs’ pre-requisite requirements as well as a high credit requirement for the
associate level programs.

This group of students performed at approximately the same level as the
baccalaureate level students on overall skill as well as in most subscales. A small
difference is seen in the Analysis subscale with the radiography group scoring higher
than the national sample. This study does not allow discrimination between two
competing explanations: these radiography educational program produce greater analysis

skills or individuals with a greater aptitude for analysis are attracted to these programs. In
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Table 4

Comparison of Radiography Skills Results with National Data

Study Group National Sample®
Scale Mean Range S.D. Mean Range S.D
Total 16.56 9-23 3.79 16.90 1-32 5.06
Analysis 4.76 2-7 1.20 4.44 0-7 1.41
Inference 8.04 4-13 2.21 7.85 0-15 2.68
Evaluation 3.76 2-8 1.73 4.52 0-11 2.14
Induction 9.56 7-13 2.81 9.53 0-17 2.82
Deduction 7.0 2-13 3.79 7.27 0-16 2.89

* n=2677 Four-year college students
the Evaluation subscale, the radiography groups scores quite a bit lower that the national
sample, again indicating that perhaps either aptitude is lower or treatment effects are less
effective in this area.
California Critical Thinking Disposition Inventory

The CCTDI consists of 75 questions that address an individual’s tendency to think
critically. The CCTDI reports a total score as well as seven scales: Truthseeking,
Openmindedness, Analyticity, Systematicity, CT Self-confidence, Inquisitiveness and
Maturity. These scales are further defined in Appendix A. Each scale has a potential
range from 10 to 60 and the total score from 70 to 420.

A cut score of 40 for each scale and 280 for total disposition has been established
by the publisher. Scale scores falling at 30 or below are considered to represent negative

disposition, while those in the 31-39 range are considered ambivalent and those 40 and
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above positive. The exam booklet also suggests a target score of 50 for each of the scales.
By simple arithmetic, one can extrapolate to the total disposition score of 210 or below as
negatively disposed, 211-279 as ambivalent, 280 and above as positive and a target of
350 (P. Facinone, N. Facione & Giancarlo, 2000).

This group of students demonstrated a positive overall disposition, as well as in
each subscale except that of Truthseeking. The ranking of individual disposition scores
from highest to lowest begins with Inquisitiveness, then Analyticity, CT self-confidence,
Maturity, Systematicity, Openmindedness and ending with Truthseeking (Table 5). This
is consistent with data reported for undergraduate students that indicates that students are
most likely to score below 40 and least likely to score above 50 in the subscale of
Truthseeking as well as being least likely to score below 40 and most likely to score
above 50 in the subscale of Inquisitiveness.

There are two sets of data that can be used for gauging the performance of this
group of radiography students. The test publisher supplies comparative information for a
group of 267 undergraduate students (P. Facione, N. Facione & Giancarlo, 2000). The
aggregate nursing study (N. Facione, 1997) provides percentile scores for each class of
nursing students. Junior class information is used for comparison given that these
programs approach 90 credits when pre-requisite courses are counted.

This group of radiography students is nearly equal in disposition to both
comparison groups in Confidence and total disposition and slightly more disposed to
Analyticity than the nursing group. They score more moderately (greater proportion
between 40 and 50 and fewer above and below this range) in the scales of Inquisitiveness

and Maturity. They are less disposed to Openmindedness than either comparison group.



While the radiography students show a greater disposition to Systematicity than the

general college population, they are somewhat less disposed than the nursing students.
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Truthseeking disposition was particularly low in this population of nursing juniors and so

radiography students show a little stronger disposition here, but with reference to the

national sample show more extreme scores, not necessarily higher or lower.

Table 5

Comparison of Radiography Student CCTDI Scores to Two Other Samples

Radiography group National sample Nursing estimates®
Scale Low® Moderate® High?|Low Moderate High |Low Moderate High
Truth 64% 28% 8% 60% 38% 2% 70%  20% 10%
Open 32% 64% 4% 15% 57% 28% [20%  70% 10%
Anal. 20% 64% 16% | 23% 61% 16% |20% 70% 10%
System | 28% 60% 12% | 44% 45% 11% [20%  70% 10%
Conf 24% 60% 16% | 25% 56% 19% [20% 70% >10%
Inquis 4% 68% 28% | 14% 45% 41% | <10% 50% 40%
Maturity | 20% 68% 12% | 17% 54% 29% | <20% 60% >20%
Total 20% 76% 4% 22% 72% 6% <20% 70% <10%

* Estimated based on percentile score reports

® Scores below 40 in each scale or below 280 in Total score
¢ Scores between 40 and 50 for each scale and between 280 and 350 for Total scores
4 Scores above 50 in each scale or above 350 in Total score

Correlations

in this study as an indicator that the instrument behaves with this sample as it has in

empirical tests of the tools themselves. Again two sources of data are available: that

The relation between these two critical thinking outcomes measures are of interest
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reported by the test developer (Blohm, Howard & Giancarlo, 1998) and the results of the

large scale nursing study (N. Facione, 1997). Table 6 reports those correlations along

with those found with this group of radiography students. The radiography group

demonstrated correlations consistent with those of the other two studies in these

comparisons.

Table 6

Correlations of CCTDI and CCTST

Radiography
Pearson Significance

Correlation (two-tailed)

Nursing
Pearson Significance

Correlation (two-tailed)

Test Manual
Pearson Significance

Correlation (two-tailed)

CCTST w/

CCTDI

464 <.05

Entry: .201  <.001

Exit: .169

201 <.001

41 <.05

<.001

The nursing study also reported significant correlations between the individual
skill subscales and the dispositions scales, with the exception of two combinations. The
disposition scale of CT Confidence did not correlate significantly with the skill subscales
of Analysis and Evaluation. However, the results of this study show quite different
results. The only significant correlations between individual skill subscales and
dispositions are as follows: Analysis skill with Analyticity disposition, Inference Skill
with CT Confidence Disposition and Deduction skill with CT Confidence disposition.
While the correlation coefficients for the radiography group exceeded those in the

nursing study in most areas, the larger number of participants in the nursing study (1300-
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1400) allows any correlation greater than 0.05 to represent a significant finding. A full
report of correlations for the radiography group is included in Appendix G.
Summary

On the average, radiography programs report using moderate amounts of
instructional activity directed to critical thinking. This frequency of use does not change
when the programs selectivity changes, nor did it influence the program’s willingness to
participate in the second phase of this research study. |

This group of radiography students performed at par with other groups available
for comparison in many ways. Performance appears somewhat higher than comparison
groups in the skill of Analysis and lower in the skill of Evaluation. These radiography
students displayed lower inclination toward the disposition of Openmindedness and
greater inclination toward Systematicity. While the comparisons must be interpreted
cautiously because of differences in class level and degree aspirations, they do provide an

indication of the approximate level of these radiography graduates.
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CHAPTER 5
Case Reports
Site A — A Recreational Jogger

So you have decided to take up jogging...either because you want to or because
you have to. Either way, everyone knows how to jog. You put one foot in front of the
other, farther and faster than you do if you are walking. There is lots of information out
there about the training, the equipment, the routes and the technique. But you really can
“Just do it,” to quote the Nike ad campaign. Without the benefit of this information
however, you risk failure, injury and getting lost or on an inappropriate route. You may
or may not be effective in acquiring the benefits that jogging promises. You have some
jogging sessions that really work and inspire you and you have some that make you
struggle and believe you can’t do this.

So it is with the first case study—a recreational jogger in the critical thinking
realm. Working on intuition and common knowledge of what critical thinking is...just
doing it. There is little formal planning within or between courses and little use of
available information resources. They have tried some new approaches...some worked,
some did not and they haven’t really thought about why. They are working on critical
thinking, but it is not entirely clear where the finish line is. Faculty don’t know if students
are getting to the desired end point for critical thinking and students don’t know either.
Some activities and practices are success stories, but others are missed opportunities.

Site A is just at the beginning of its own development of instructional practices,
" planning and culture building for critical thinking. A summary of its features related to

the research questions follows.
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Site A Summary of Findings

61

Question Finding

Planning Method Informal, student centered
Not CT focused

Planning Resources Minimal

Curriculum

Some infusion (direct instruction within RT)

Assessment Definition & Importance

Goal exists, no definition

Very important

Communication

Print and discussion

Assessment Methods

Clinical Professional Evaluation, competency

evaluation, employer and alumni survey

Program Fosters

Hard to identify, little agreement

Program Limitations

ARRT exam, time

Instructional Activities

Case scenarios & film critique

CT Processes

High: interpretation and inference

Low: evaluation, analysis, self-regulation

Student Outcomes

Skills: Best = analysis, Worst = evaluation
“Dispositions: Negative = T
Low=T,0,S,C

High=A, L M

Implementation Strategies

Focus on activity design and instructor delivery

?Scales of the CT Disposition Inventory: T=truthseeking, O=openmindedness,

S=systematicity, C=Self-confidence, A=analyticity, I=inquistiveness, M=maturity
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Site Description

Site A is a community college in a moderately sized metropolitan area. The
radiography program is one of eight allied health and nursing programs in the Health
Sciences Division. The program currently has an enrollment of 27 students in two classes
combined. The program is accredited by the Joint Review Committee on Education in
Radiologic Technology.

Program faculty consists of a full-time program director, a full-time clinical
coordinator, a half-time faculty member, and several adjunct faculty members whose sole
responsibility is clinical instruction. The program director has filled that role for
approximately one year, but has taught in the program for eight years. The Clinical
Coordinator is new in the job this year and has no previous teaching experience. The
faculty member with the greatest experience is the one that teaches half time (10 years).

Students must take 28 pre-requisite credits, including medical terminology,
human anatomy & pathology, English Composition and first aid prior to acceptance into
the program. Once accepted, the curriculum is a two-year program, including two eight
week summer sessions. The total number of credits, including pre-requisite courses is 87.

Site A was classified as low selectivity (average or minimum SAT/ACT score
below the national mean or students accepted from the top half of the high school
graduating class) based on data provided in the screening survey. It was also classified as
providing few instructional activities to develop students’ critical thinking skills or
dispositions, scoring 7 of a possible 51 points as reported by the program director on the

screening survey.
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All faculty participated in the study, as did all second year students in the
program. Nearly all first year students consented to classroom observations. Six first year
and six second year students participated in thé focus group. All second year students
took the California Critical Thinking Skills Test and Disposition Inventory.

Planning
Method

Planning at Site A is informal for most program operations. The Program Director
assumes primary responsibility for planning and seeks feedback from the faculty. Formal
faculty meetings are frequent and regular. These involve both didactic and clinical faculty
and are focused primarily on discussing individual student performance and progression
in course material. Yet, much of the discussion related to program planning occurs
through informal hallway chats and individual discussions.

What ends up happening is I talk to [Faculty 1] and then I’1l talk to

[Faculty 2] and we’ll talk about things that need to be discussed and then

we’ll bring them up again in the clinical meeting so that they’ll be in the

minutes. The thing is, when things come up, you don’t just wait until the

faculty meeting. I just run next door....We’re just so close, we all talk

really well and so it’s difficult to wait. The only reason we do it is just so

we have minutes.

Here the program director describes what s/he sees as a typical mode of communication
among faculty. This method is used both for problem solving as implied here and for
more typical planning activities.

Yet, the informal planning does not necessarily address critical thinking. Further,
one faculty member believes that this lack of planning is a limitation to the development
of critical thinking skills in their students.

Well, I don’t think that we sit down when we do our syllabi or our outlines

and really think about and address critical thinking skills. I think we don’t
look at like a percentage of what we teach addresses that. I don’t think
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that we have a goal — I don’t think it’s something that we talk about. We

as teachers don’t say — I do this and I think it’s a good critical thinking

exercise. I don’t think we think about it. At least, I don’t that much.

This response was to a question about what limits the development of critical thinking at
this site. Here the faculty member suggests that more formal planning around critical
thinking might be helpful.

Resources

While faculty talked about a variety of sources that helped them with teaching in
general (on campus workshops, formal coursework, books and articles), none were able
to identify anything specifically related to critical thinking. The Program Director used
one reference book that was focused on critical thinking in radiography.

The faculty has not consulted with colleagues in any other allied health programs,
the nursing program, or the psychology or philosophy departments. The Program
Director did consult with the College’s Office of Institutional Research, but did not
receive any helpful assistance from this resource. As a result of this absence of
professional development and consultation, the faculty members are teaching for critical
thinking in a Véry intuitive manner.

Curriculum

As is typical in radiography programs, there are a number of pre-requisite courses
and general education courses taken concurrently with the radiography curriculum.
Beyond this, the curriculum organization is unusual. Each course contains multiple mini-
courses that may be unrelated to one another (for instance advanced radiographic

exposure and facial positioning). Each mini-course functions as a separate unit, has
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separate grading and is often taught by different instructors. The mini-course grades
combine together to be recorded as the official course grade.

There appears to be little attention given to planning specifically for critical
thinking progression or development throughout the curriculum. Faculty are not familiar
with the content or approach of pre-requisite or general education courses. Faculty also
had little knowledge of each other’s courses. While they were able to talk about how their
own courses did or did not help in critical thinking development, they were only able to
talk about others’ with respect to the potential of the content to lend itself to critical
thinking, rather than on specific knowledge of the instruction that is occurring. Direct
instruction for a four-step approach to problem solving is provided in both the ethics/laws
and trauma/special procedures mini-courses.

Planning for clinical instruction follows a minimalist approach. Planning for
critical thinking focuses on evaluation more than it does instruction. Two evaluation tools
form the core of the instructional and assessment plan. Students are required to complete
clinical competency evaluations on 45 radiographic examinations. Each of these
evaluations requires that the student critique the resulting radiographs with the clinical
instructor. This provides opportunities for instruction, assessment and evaluation of the
student as s/he makes judgments about film quality and possible modifications.

The second evaluation tool is the Professional Clinical Evaluation that is completed by
the supervising faculty member once each semester. Different rubrics are used to evaluate

first year and second year students.
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Assessment

Definition and importance.

One of four program goals is to “Develop the student’s communication, problem
solving, and critical thinking skills so that they may function competently as part of the
health care team.” Further definition of critical thinking skills or their differentiation from
problem solving skills has not occurred. However, there is a general consensus among
faculty and students as to what comprises these two areas. The primary area of focus is
the ability to adapt standard protocol to accommodate the patient and environment.
Several supporting skills are also commonly mentioned: applying theory, considering
options, and making decisions/choices. In addition, the critique and correction of
radiographs is commonly included in discussions of critical thinking.

It is difficult to determine how important critical thinking is to this particular
program because there is little agreement. The Program Director believes that the goal
containing critical thinking is equal in importance to two other goals focused on
professional competence in ethics, patient care and radiation safety. This may result from
the belief that these other two rely on the student’s critical thinking abilities. Most
students believe that critical thinking is the second most important goal, but there is not
agreement among them about what the most important goal is (knowing facts, passing
tests and low program attrition were commonly mentioned). One faculty member
believes that critical thinking is the least important goal of those established for the

program.



67

Well, we’re giving them a body of information that we hope they’ll

assimilate and basically memorize and then add to that. And a lot of it to

me is based on their own abilities and some people can critically think on

their feet or imagine or put into practice different scenarios or situations

that may come up, and some people can’t.

This is not a view commonly held by faculty or students at this site, but illustrates
the variation in perceptions of importance of CT here.

A number of inconsistencies related to importance of critical thinking are seen.
While the Program Director and students believe that critical thinking is highly
important, few could identify how the program develops critical thinking through its
characteristics, culture, curriculum or instructional activities. The importance may be
artificially elevated as a result of a recent re-accreditation evaluation in which the
program was cited for its instruction and assessment related to critical thinking, as well as
my presence to conduct this research. Secondly, the faculty member who considers
critical thinking to be the least important program goal actually includes more
instructional activities that call on critical thinking than other faculty. S/he also has been
more creative in trying different approaches to engage students in activities that would
develop their critical thinking.

Communication of goals.

Despite the lack of definition and variation in perceived importance, students and
faculty alike are clear about communicating critical thinking goals to students. The goals
are included in the student handbook and are discussed with students at the outset of the
program. In addition, individual course syllabi include objectives that establish specific

performance areas related to critical thinking (although they are not clearly labeled as

such). Students also perceive that they learn about critical thinking priorities (being able
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to adapt and to critique films) from the technologists and experiences that they encounter
in their clinical rotations. Despite the fact that students had difficulty when specifically
asked to define critical thinking, their discussions about what promoted it and hindered it
were free flowing and illustrative of their common understanding of that definition.

Assessment of goals.

The program goal specific to critical thinking is directly assessed only in the
clinical courses, not in the classroom setting. The primary measurement is student
performance on the Professional Clinical Evaluation completed by supervising staff at the
clinical site and by the faculty member responsible for that site. Indirect assessment data
are also collected from employer surveys and alumni surveys completed 6 months and 3
years after graduation. The program documents indicate that student performance on the
American Registry of Radiologic Technologists’ certification examination will provide
evidence that this goal has been achieved. No research is available to support this claim.

The Professional Clinical Evaluation tool is a rubric that includes one category
specific to “Critical Thinking and Problem Solving” with five performance levels. The
tool used for first-year students focuses on the ability to modify protocol as needed to
accommodate the patient and/or situation. The evaluation tool for second year students
combines these criteria with that of organization and adds a second category specifically
focused on adaptation to patients of different ages. The criterion statements in the rubrics
provide basic performance criteria related to presence of the ability (can/cannot modify
protocol) and then frequency of application (rarely, often, excellent), leaving room for

interpretation by both faculty and students.
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While not identified in the program’s assessment plan as an indicator of critical
thinking performance, the students’ procedure Competency Evaluations also include
elements of critical thinking. The performance measure requires students to evaluate film
quality in nine different aspects that are graded as “done/not done.” While this appears on
an evaluation form, it seems to be used more for instruction and development of critical
thinking than for assessment. The Program Director expressed confidence that s/he uses
this activity to develop students’ critical thinking, but was unsure about how other
clinical faculty approach this activity.

Program Features

There is little agreement among faculty and students about features of the
program that foster students’ critical thinking development. Students focused strongly on
clinically related activities such as adapting to different patient needs and analyzing and
correcting radiographs (particularly when reviewing with a clinical instructor).

Only one faculty member also mentioned patient activity in the clinic. Another faculty
member suggested that requiring the students to apply a given theory in a number of
different classes was a “fostering” feature and that the logical sequence of the curriculum
was as well. Another thought that club activities provided opportunities for students to
exercise their critical thinking skills in a different context. In general, faculty had
difficulty identifying program features that foster critical thinking.

It was easier for both faculty and students to identify features of the program that
limited students’ ability to develop critical thinking. Both groups mentioned two features
commonly: limited amount of time and teaching focused on passing the ARRT

examination. These two items are likely related to one another as teaching the
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information required by the test limits the time that program faculty have to spend on
critical thinking or other instructional goals. It was also suggested that staff technologists
could either be a help to students’ development or a hindrance depending on how much
they afford students the opportunity to develop their own thought processes. Students
also mentioned rival goals of retention and making sure that students passed classes
(which means they pass exams) rather than what they perceived to be a competing focus
on thinking and learning.
I think sometimes teachers get caught up in...they try to get you to pass
this test or pass that or pass the program and sometimes in doing so they
forget to help you learn critical thinking. They’re thinking, we’ve got to
graduate so many students, this one needs to pass that one, instead of
getting in there and trying to help you rationalize or think this out, this
particular area or question or whatever, they get caught in that sometimes,
I think.
This student recognizes and verbalizes the conflict between knowing facts and
being able to apply them that is prominently expressed by both students and
faculty at this site.
Students perceive the clinical work environment to be an important tool
for critical thinking development when they are allowed to: a) practice
independently, b) think for themselves rather than being told exactly what to do,
c) “practice” thinking about how to approach different situations/challenging
patients and d) spend one-on-one time with clinical instructors to review films.
The minimal structure associated with clinical practice leaves little assurance that

these features will be present in any of the multiple clinical sites used by the

program.
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Instructional Activities

No course or mini-course is clearly focused on critical thinking development.
Two of the three faculty members believe that Anatomy & Positioning classes (of which
there are 5 mini-courses) provide the greatest opportunity for critical thinking
development, while students focused on clinical activities. Both faculty and students
discussed individual activities from the radiographic exposure, quality assurance and
ethics/laws courses.

Faculty and students presented a variety of instructional activities as being
connected to students’ critical thinking development. These range from questioning
techniques in class, to group goal setting, interpretation of graphs, role-playing and
experimentation in the laboratory. The most common is the use of case scenarios related
to ethics and law and film analysis.

Classroom visits allowed observation of faculty and students in action. On the
faculty side, there were demonstrations of a variety of skills, dispositions and
implementation strategies beyond the planned lesson. Faculty explicated their reasoning
in coming to a conclusion, forced students to come up with multiple solutions for a
problem, helped them to come to a conclusion, and asked probing questions. As well,
there were a number of missed opportunities to call on students’ CT. Students
demonstrated self-correction of their thinking and an absence of Truthseeking disposition
as they failed to correct an error in the instructor’s calculations that they obviously
noticed.

When comparing the students’ perceptions of instructional practices as indicated

by the survey questionnaire to that of the faculty members, there was little agreement.
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Students typically reported that they were required to perform the instructional activities
identified in the questionnaire more frequently than faculty did. The differential score for
individual activities often exceed 0.5 on a 3-point scale and were found to be as much as
1.5 different. More detailed analysis and comparison with other programs is provided in
Chapter 6.

Critical Thinking Processes

The activities used in this program primarily ask students to perform the cognitive
activities of interpretation and inference, along with some explanation. The more specific
skills of drawing conclusions (inference), clarifying meaning and decoding significance
(interpretation) were most prominent within those categories. The categories of
evaluation, analysis and self-regulation were rare or absent.

These instructional activities call on cognitive skills similar to those evidenced by
the objectives included in course syllabi, although not necessarily in similar proportions
(Figure 1). Course syllabi include extensive lists of performance objectives and minimal
explanations of grading and assessment criteria. Few included broad goals, descriptions
of assignments or specific evaluation criteria. Every course includes objectives that could
promote critical thinking with the Patient Care and Advanced Exposure courses
containing the greatest number.

When analyzed against the APA classification system, most objectives called on
the category of interpretation with analysis and inference being seen slightly less
frequently. The categories of evaluation and explanation were seen infrequently and self-

regulation not at all. Objectives frequently asked students to compare and contrast
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concepts (Analysis), interpret graphs and the significance of events (Interpretation) and
determine how to modify a radiograph (Inference).
Outcomes

Given the emphasis on interpretation, analysis and inference in the program’s
learning activities and objectives, one might expect that students would perform better on
these subscales than on the Evaluation subscale or the overall skills test. Overall, this
program scored slightly lower (16.33) than the group mean (16.56). These students
posted their best performance in the Analysis subscale and their worst in Evaluation.
Figure 2 demonstrates the relationship between instructional practice and student
performance for each of these subscales.

There were significant correlations between critical thinking skills test scores and
college GPA (r = 0.53, p = .05) and major course GPA (r = 0.68, p = .01), suggesting that
perhaps critical thinking is being recognized and rewarded in course grades, particularly
in the major. Total score on the disposition inventory demonstrated a non-significant
negative correlation (» = -0.20) with college GPA and a larger, but still non-significant
positive correlation with major course GPA (» = 0.46). Significant correlations exist
between the disposition of Truthseeking with Maturity as well as between Analyticity and
total disposition. Each subscale of skills is significantly correlated with total skill, as is
the subscale of Deduction with that of Inference and Analysis.

Results of the disposition inventory show that students in this program maintain
positive attitudes toward critical thinking overall and in each of the subscales except
Truthseeking. The mean Truthseeking score for this program is 39, which is just below

the cut score for positive disposition (40). Students also scored low in relation to the other
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performance on the associated CCTST Subscale. Performance trends match instructional

emphasis only for evaluation subscale.
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sites in 4 out of 7 subscales and total disposition. The greatest differences were
demonstrated in the subscales of Open-mindedness, CT Self-confidence, and
Inquisitiveness. Further evidence of low inquisitiveness is provided by these quotes from
two different faculty members.

I can remember going over anatomy once and having students, not all of

them, I’ve had a couple of them, say “Uh, I don’t want to be a

radiologist.” You know that’s one of those people that I don’t think should

be in x-ray.

I'll tell them a story and say, well, gee, what would you guys have done?

Their reply was “I’m not going to do surgery, so I don’t have to worry

about it.”

These quotes illustrate how student behaviors in the classroom have been consistent with
the disposition inventory scores of these students, although we cannot be sure that the
quotes refer to the same students who took the inventory measure.

Little student Work was available for review. What was available was a series of
papers written by students in the program during the years 1996-1999 that were award
winners in state level competition among radiography students. Since these papers were
not the work of these participating students and would be highly skewed to demonstrate
the best work produced by the students at this school, they were not analyzed.

Implementation Strategies

Students in the focus group were asked to identify what makes an instructional
strategy work to make them use their critical thinking and what makes an activity not
work in that regard. They did not appear to understand the question well, because their

answers were more closely related to the type of activity used, rather than what makes the

strategy work or not. However, some messages came through: building concepts upon
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one another, allowing enough time, requiring decisions, and limiting the amount of
information to be considered.

The issue of time was one that faculty also agreed was important in developing
students’ critical thinking. Several faculty suggest that situations that do not have one
obvious correct answer would be helpful for developing critical thinking. Individual
faculty focused on motivating the student to be engaged in the task or on the dynamics
required for activity completion. There was agreement about what made an activity not
work—Ilack of time or too much information to be included. Other items suggested
include both personal issues (strong personalities, lack of knowledge) and process issues
(group process, lack of direction, not thinking broadly).

While individual faculty members mentioned a number of other features, only one
faculty member was particularly reflective about what made an activity work.

In reference to scenarios presented in an ethics class, s/he felt that the following were
important features that made students think critically:

I think these particular scenarios were effective because there was no

obvious correct answer. [ think it took critical thinking and they had to

use things to justify their decisions. Even with the justifications

enumerated and listed, there still could be another answer. And this really

got them going. I think if there had been one exact correct answer, there

wouldn’t have been as much to have thought about. I mean, there being

room for debate caused them to have to really think more about it. And

then when they started arguing, oh boy...

I think it gave them an opportunity to independently think about it — they

weren’t just in the group before they could make their decision. They

independently had to work on it too and I think that caused the variety of

opinions to be even stronger. I think if putting them in a group like we did

— the one strong personality could have had more influence over other’s
thinking.
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This faculty member shows considerable insight into how instructional activities might
be designed and delivered in order to promote critical thinking. However, the faculty here
did not frequently evidence this insight. In general, there was an emphasis on teacher talk
at Site A rather than on student independent thinking. This is demonstrated by
consideration of the six dimensions of the implementation strategies as demonstrated in
Figure 3.

The distribution of strategies is heavily weighted toward the area of activity
design, with a secondary emphasis on instructor delivery features. The design features
included such strategies as the need to ask more questions, give more direction and
provide the students with more opportunities for independent thinking. Most conversation
about strategies were teacher-focused, but were aimed at getting students to be more
active and involved in the learning activities.

One faculty member at this site presents some interesting findings related to
beliefs and instructional activities. While expressing a deterministic belief about critical
thinking ability (some students can and some cannot think critically), this faculty member
was also very creative with instructional activities. Some of the more unusual approaches
to instruction included:

e Completing all aspects of a research paper assignment along with the students and
discussing the process with them

e Using popular film to study radiation therapy and the importance of attitudes about
cancer, death and dying.

e Encouraging students in a trauma radiography class to identify their own areas of

instructional need and help to arrange the class and guest speakers













































































































































































































































































































































































































































