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Abstract

The purpose of this non-experimental, causal coatparstudy was to examine the
development of critical thinking in eleventh-andetith grade students registered to study the
International Baccalaureate-Diploma Programme (B-Bnd its mandatory Theory of
Knowledge (TOK) courseex-post factalata, collected by the American International $tlod
Kuwait from the fall of 2008 to the spring of 20Mas analyzed to determine whether
enrollment in the TOK course significantly impactgdical thinking skill development, as

measured by the Test of Everyday Reasoning (TER).

The analysis of the data showed that studentsledrwl the IB-DP developed critical
thinking skills to a greater degree than thoseesttglin the comparison group. Further analysis,
utilizing Analysis of Covariance (ANCOVA), revealduat prior academic ability, as
demonstrated by PSAT scores, eliminated the effieiteatment on student TER performance.
Therefore, it was determined that students’ perforoe on the PSAT was a greater indicator of

critical thinking skill improvement than participan in the TOK course.

However, the rudimentary supplemental analysisgti Bnd low performers on the
PSAT-Critical Reading may suggest that the IB-DB @@ TOK course are beneficial to those
students that self-select to enter a rigorous rogiespite previous poor performance on
standardized tests. It is suggested that furtlemareh be done with these students to determine if

significant differences do indeed exist for thisdgnt.
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Chapter 1

Introduction

Democratic societies are destined for failure sskbeir citizens purposefully
participate in the development of their own thirkprocesses (ten Dam & Volman,
2004; Glaser, 1985; Paul, 1984). Successful deriomacieties depend on an educated
and knowledgeable citizenry forming public polieypublic policy that is generated by
informed and robust debate, and evaluated withrd spunderstanding and tolerance
(Facione, 2011; Walters, 1986). For societies teebg rationally informed and tolerant
policies, they must provide arenas in which théaai thinking abilities of each
individual citizen can become involved in the denatic process (Daly, 1998; ten Dam
& Volman, 2004). Democratic citizens must develog &bility to think independently
and critically (Sternberg & Baron, 1986) and itnsumbent upon the educational
institutions to develop these skills (Bailin & Sedg#03; Dewey 1909/2008; Giancarlo,

Blohm & Urdan, 2004; Norris, 1985; Scheffler, 1973)

Educational leaders in the United States realihedmportance of instilling
strong critical thinking skills in students (Glas&®85; Norris, 1985; Paul, 1992).
National studies conducted in the 1980s and e@®04 suggested that both secondary
and post-secondary students lacked critical thopkialls (National Education Goals
Panel, 1992; Association of American Colleges anitvé&fsities [AAC&U], 1985;
National Institute of Education Study Group, 198#)ese findings resulted in a call for
the mandatory incorporation of objectives, desigtoeidnprove critical thinking skills, in

the curricula for American students (Facione, Rgiéne, N., Tiwari, A., & Yuen, F.,



2009; Pithers & Soden, 2000).

Education curricula reform aimed at improving cafithinking skills faltered,
however, as a failure to form consensus on thentiiein of critical thinking hindered
practitioners and researchers alike from incorpagatritical thinking objectives into
curricula (Abrami, Bernard, Borokhovski, Wade, S2gkTamim & Zhang, 2008; Bissell
& Lemons, 2006; Facione, 1990; Geersten, 2003; iaee& DelLoach, 2003). Various
definitions of critical thinking skills exist but ost focus on two categories, cognitive
skills and affective dispositions (Facione, 199@jp¢rn, 1998; Chambers, Bartle, Carter-
Wells, Bagwell, Greenbaum, Padget, & Thomson, @002ten Dam & Volman, 2004).
Critical thinking requires the ability to use cotiwe powers to make purposeful, self-
regulatory judgment requiring the use of a coreo$ebgnitive skills (Facione, Sanchez,
Facione, & Gainen, 1995). The cognitive skills maféén associated with critical
thinking include: 1) interpretation, 2) analysi¥e¥aluation, 4) inference, 5) explanation,
and 6) self-regulation (Facione, 1990). The affectisposition toward critical thinking
consists of an intellectual persistence to congilsteise rational thought to solve
problems and make decisions (Facione, Facione,afa&irlo, 1997). Definitions of
affective dispositions most commonly include: 1eopnindedness, 2) flexibility, 3)
inquisitiveness, 4) judiciousness, and 5) persta€Racione, Facione, & Giancarlo,

2000; Chambers, et al., 2000; Tishman & Andrad@86).9

While educational leaders agree on the importahcétaal thinking and its two
primary components, cognitive skills and affectiligpositions, little consensus exists
about how best to integrate and foster criticalkimg in school curricula (Ben-Chaim,

Ron, & Zoller, 2000; Grauerholz & Bouma-Holtrop,d8). Some curriculum developers



have sought to incorporate skills throughout theiculum (Geersten, 2003; McPeck
1990a). Geertsen (2003) and McPeck (1990a) ardnataertain critical thinking skills
were specific for different disciplines and are tranhsferable. They argued that a simple
course or two of “critical thinking” would havetlg effect on the development of critical

thinking skills (McPeck, 1990b).

Other researchers contended that critical thinkinglved abilities and skills that
were transferable to any problem or subject méEenis 1990; Vaughn 2008). They
supported the development of single courses thatdnced students to critical thinking
skills and provided them with practice in usingrtheithin a liberal arts education (Paul,
1992; Halpern, 1998, Vaugh, 2008). Little eviderg#sts to suggest that one approach
was better than another, or that the direct tegcbirtognitive skills and affective

dispositions enhances critical thinking in stud€@sertsen, 2003).

The International Baccalaureate (IB) — Diploma Paogme (DP) represents one
example of a curriculum consisting of a coursegle=il to teach critical thinking skills
within a liberal arts framework. The developmentuofical thinking skills is one of the
IB’s primary goals (IBO, 2006a). Accordingly, th® (2012a) requires that all students
enrolled in the DP take théheory of Knowledge (TOK) course. This requiremisnt
designed to ensure that “students become criticakérs who understand the
interdisciplinary nature of learning” (IBO, 200Ga7). The design of the TOK course
encourages teachers and students to “reflectadfition diverse ways of knowing and on
areas of knowledge” (IBO, 2009a, p.4). Zemplen 7A0elieved that the approach of the
IB was superior to many other curricula as a resiults purposeful inclusion of critical

thinking development. However, the generic cogritkills learned in the TOK course



may not be adequate for students to successfuligate the specific critical thinking

that is required in the IB sciences (Zemplen, 2007)

Study

This study attempted to address whether critigakthg can be developed by
what Ennis (1989) described as a general coursgrabesto enhance the critical thinking
skills of its students. This causal comparativelgtused previously collected data to
measure gains in the development of critical tmgkin students at the American
International School of Kuwait (AISK) from the faif 2008 to the spring of 2011. At
AISK all eleventh-and twelfth-grade classes havenbmodeled on the IB-DP curriculum.
Therefore, all students received similar curriculolbpectives whether they were enrolled
in the IB-DP or not. However, students that weggstered to study the IB-DP must have
taken the TOK course along with other requiremesksle the non-1B-DP students were

not required to take the TOK course.

Research Questions

My research seeks to examine the relationshipeotidvelopment of critical
thinking in students participating in and complgtthe TOK course in comparison with
students who have not completed the TOK courser@search questions guiding the

study include:

1. Is there a significant difference between the ghoeitcritical thinking skills, as



demonstrated by Test of Everyday Reasoning (TER)tal Score, between
students who participated in a course designeahpoave critical thinking skills
(the International Baccalaureate — Diploma Prograniimeory of Knowledge
course) and those who did not participate in theses?

a. Is there a significant difference between the ghoefttargeted cognitive
skills, as demonstrated in TER — Scale Scoresysisadnd interpretation;
evaluation and explanation; and inference), betvatetents who
participated in the IB-DP Theory of Knowledge cauesnd those who did
not participate in the course?

b. Is there a significant difference between the ghoefttargeted reasoning
skills, as demonstrated in TER — Deductive and ¢tide Reasoning Scale
Scores, between students who participated in ti@RBrheory of

Knowledge course and those who did not participatee course?

Research Design and Method

| examined these questions using a quantita&kpost factsesearch method,
employing a pretest, treatment, and posttest de$igs causal comparative study
analyzed data collected in the fall of 2008 togpeng of 2011 by AISK from two
consecutive cohorts of students progressing thrguaties eleven and twelve.
Participants were drawn from eleventh-and twelftadg students at AISK, some of
whom were enrolled in the IB-DP TOK course, whiteeys were not. Students’ critical

thinking skills were tested prior to the treatmehg IB-DP Theory of Knowledge course,



and a posttest was administered after the complefithe course.

At the beginning of the eleventh-grade and thennagtethe end of the twelfth-
grade all AISK students were administered the deBveryday Reasoning (TER). The
TER is a critical thinking test designed by Califiar Critical Thinking Skills Test

(CCTST) for high school students in grades tenughatwelve.

The CCTST based its family of tests on the Delpipieet consensus definition of
critical thinking.The Delphi panel of experts identified six coreical thinking
cognitive skills: interpretation, analysis, evalaat inference, explanation, and self-
regulation (Facione, 1990). The TER reports anall/ecore on critical thinking skills
and five scale scores (analysis and interpretaitd@rence, evaluation and explanation,
inductive reasoning, and deductive reasoning) &ohdest taker. The five TER scale
scores are considered essential elements foradribimking (Facione, Facione, &

Winterhalter, 2011).

This study compared two naturally occurring groapstudents, one which has
self-selected to enroll as Diploma Programme stisdand one which has not. Students
entering eleventh-grade at AISK must choose betweeollment in the International
Baccalaureate-Diploma Programme (IB-DP), with #guired Theory of Knowledge
(TOK) course, and enrollment as a regular AISK studollowing the IB-DP curriculum,

but with no TOK course requirement.

Two cohorts were examined for this study. Cohastutlents were in eleventh-
grade during the 2008 — 2009 school year; and Géhstudents were in eleventh-grade

during the 2009 — 2010 school year. The growthritital thinking skills was examined



for cohorts 1 and 2. Students fully enrolled in BBeDP were compared with students

enrolled as regular students by analyzing TER dallacted by AISK.

Significance of the Study

Despite the increasing importance of developintycaithinking skills in
education (Atkinson, 1997; Daly, 1998; GrauerholB&uma-Holtrop, 2003), a dearth of
empirical research remains a problem (Baker, 1&&kErtsen, 2003). Leading theorists
disagree on the most effective methods of teaatiitigal thinking skills (Grauerholz &
Bouma-Holtrop, 2003). Debate persists as to wheathaot a single course can influence
critical thinking. However, few studies have inde@dwhether courses such as TOK
increase the ability of students to think critigglGeertsen, 2003). This study sought to
establish whether the TOK course influences theldgwment of critical thinking skills in

students.

This study adds to the body of empirical reseaedking to understand the
development of critical thinking skills. The undersding gained from this research
should aid curriculum designers in determiningoificses designed to develop critical

thinking are effective.

Limitations

The limitations of this study arise mainly from #vepost factaesign that has

several inherent threats to internal validity irsttesearch design (Fraenkel & Wallen,



2006). Because this type of design examines datamés previously collected, it does
not allow the researcher to control, manipulatesolate any variables within the study
or allow for random assignment to treatment (Fraé&kWallen, 2006). The treatment
and comparison groups may be significantly diffekeased on their self-selection of
groups. For example, if it is determined that IB-81Rdents develop critical thinking at a
greater rate than non-IB-DP students, then theaegtion may be that students that are
predisposed to critical thinking development mayrimee readily attracted to enrolling in
the IB-DP and thus the results would not be rel&etie treatment. However, specific
analytical tools were incorporated to increasesthength of various correlational

inferences.

Another limitation affecting this study is that th®K course is not the only
difference in curriculum between the two cohorthid/TOK is the most significant
difference specifically targeting the developmeintritical thinking skills, other
differences exist between the treatment group Bad¢dmparison group that may affect
the development of these skills. These differemceghe result of whether students meet
the requirements to be an IB-DP student. IB-DPeastiglare required to take three
Higher Level (HL) courses, write an Extended Eq&y), and complete a Creativity,
Action, Service (CAS) experience. While all studeintthe comparison group do receive
a liberal arts education following the IB-DP cuuligm, they do not need to meet the

other requirements.

Although students at AISK receive instruction fellag the IB-DP curriculum, it
is not possible to determine whether significaffedences in scores can be solely

attributed to the TOK course. Students in the campa group differ in course selection,



teachers, and enrollment in IB-DP certificate ceartudents receive subject specific
credit from the IB but the students are not endodle IB-DP students). Students in the
treatment group also differ in their course setetctieachers for classes, and teachers for
TOK instruction. However, the IB central office exqls considerable energy in an
attempt to ensure similar instruction, not onlyre same school, but also all across the
world (IBO, 2006b; IBO, 2007). Although it is impsble to achieve complete
standardization among all schools offering the IB;Ehe IB central office has put
practices in place in an attempt to provide a levejuality and standardization of

curriculum and practices in the schools that atf@iBO, 2001; IBO, 2009c; IBO, 2010).

Definition of Terms

The following definitions are provided to clarifiye terminology used for this
study:

International Baccalaureate (IB)-Diploma Programme(DP): The IB Diploma
Programme is a two-year curriculum for studentgrades eleven and twelve. Courses of
study are divided into six different groups: grduplanguage Al, group 2 - second
language, group 3 - individuals and societies, gru experimental sciences, group 5 -
mathematics and computer, and group 6 - the ant§e&ts may be taken at either the
standard or higher level. The programme also ha ttore requirements designed to
broaden the educational experience: Creativityioh¢tService; Extended Essay; and

Theory of Knowledge (IBO, 2007, 2008, 2009c¢).

Standard Level (SL): Courses studied at the standard level requirendb@s to



adequately complete (IBO, 2007, 2008).

Higher Level (HL): Courses studied at the higher level require stisden
explore these subjects at a greater depth. Tworkdrahd forty teaching hours are

recommended to adequately complete this course, @07, 2008).

Theory of Knowledge (TOK): The interdisciplinary TOK course is designed to
unify the six academic groups and develop an apgdren of differing cultural
perspectives (IBO, 2006a). The course encourag@satthinking to help students
evaluate different approaches to knowing. TOK isigleed to ask questions. The most
fundamental question is “How do we know [a partictknowledge claim] to be true?”
(IBO, 2009a, p. 5). The role that language andghbbhave upon the development of

critical thinking is studied throughout the cou(dgO, 2002; 2012b).

Extended Essay (EE)The extended essay requires students to indepeéyden
research, under the guidance of a supervisor, stiQneelating to one of the subjects
they are studying (IBO, 2006a). This research aud@s in an essay that may not exceed

4000 words (IBO, 2002).

Creativity, Action, Service (CAS): Creativity, action, service requires students
to actively engage in real life tasks beyond theademic endeavors (IBO, 2006a).
Students are required to do meaningful activitie®lving these three areas. They may
choose an activity that combines all three comptsentarget each one separately (IBO,
2002). Creativity often involves the arts but candmy experience that requires creative
thinking; Action requires physical activity leadibga healthy lifestyle; Service requires

voluntary contributions to the local or global conmity (IBO, 2012b).
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International Baccalaureate-Diploma Programme (IB-CP) student: IB-DP
students meet all the requirements to potentiditpio a diploma from the I1B. They
participate in six subjects at higher level or d&nd level, complete the Extended Essay;
meet the Creativity, Action, Service requiremeats] complete the Theory of

Knowledge course (IBO, 2007).

Certificate Students: Certificate students do not meet the requiremienie
awarded the IB diploma but are taking IB-DP courszstificate students that
successfully pass an examination for an IB-DP aare awarded a certificate for that

course (IBO, 2007).

Delphi Method: The Delphi Method is a qualitative research methiddzing a
panel of experts willing to utilize their expertigework toward an agreement (Facione,
Giancarlo, Facione, & Gainen, 1995). The Delphi el allows experts to work
collaboratively about a particular topic of interéhe central investigator organizes the
group and initiates discussion regarding an ingigstion. All responses are organized,
summarized, and transmitted back to all panel@tsdactions, replies, and additional
guestions. When consensus is near, the centratigaéor proposes a final statement and
asks for agreement. If a large majority of the pageees, a consensus statement will

emerge with points of disagreement registered (fraGi2011).

Test of Everyday Reasoning (TER)The TER is a 35 item multiple-choice test
designed for secondary students which measuregdisening skills of the test-taker.
This progressive test measures the test-takedisyatioi analyze and evaluate various

forms of information. The TER reports “provide arecall score on critical thinking
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skills (Total Score) and 5 scale scores (Analysigrence, Evaluation, Inductive
Reasoning and Deductive Reasoning) are provideddon test taker” (Facione et. al.,

2012).

Total Score: The Total Score indicates the overall criticahiiing skill level of
an individual. This score is useful for the purposeomparing the critical thinking skills

of one individual to another (Facione, et. al., 201

Analysis: For the purposes of this study, analysis has brdeaning. First of all,
it means “to comprehend and express the meanisgoificance of a wide variety of
experiences, situations, data, events, judgmenits/entions, beliefs, rules, procedures or
criteria” (Facione, et. al., 2012, p. 11). Analyaiso means, “to identify the intended and
actual inferential relationships among statemequsstions, concepts, descriptions or
other forms of representation intended to expresiefls, judgments, experiences, reasons,

information or opinions” (Facione, et. al., 20121f).

Inference: Inference means to “identify and secure elemese¢sied to draw
reasonable conclusions; to form conjectures andthgses; to consider relevant
information; and to educe the consequences flofvimg data, statements, principles,
evidence, judgments, beliefs, opinions, concepscuptions, questions, or other forms

of representation” (Facione, et. al., 2012, p. 11).

Evaluation: Two aspects of evaluation exist for the TER. Fofsall it means, “to
assess the credibility of statements or other sgmtations which are accounts or
descriptions of a person’s perception, experiesitgation, judgment, belief or opinion;

and to assess the logical strength of the actuatended inferential relationships among
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statements, descriptions, questions, or other fafnspresentations” (Facione, et. al.,
2012, p. 11). On the TER, evaluation also meanstdte the results of one’s reasoning;
to justify that reasoning in terms of the evidehttanceptual, methodological,
criteriological and contextual considerations updnch one’s results were based; and to

present one’s reasoning in the form of cogent agqnisi (Facione, et. al., 2012, p. 11).

Inductive Reasoning:Inductive reasoning occurs when a conclusion to an
argument is justified by the assumed facts statedd proposition. The conclusion,
however, is not absolute. Drawing conclusions alBoutething less familiar based on the
characteristics of something familiar is reasorbggnalogy or also known as inductive
reasoning. Inductive reasoning is also used whanediction of what will happen in the
future is based on past experiences. Quality indeiceasoning requires the conclusion
to be probabilistic based on an accurate inferehtiee premise (Facione, et. al., 2012).
Inductive reasoning arrives at a general conclygoesumed to be true, based on

specific information known to be true.

Deductive Reasoningin deductive reasoning, the conclusion of an amuis
presumed true if the premise that it is based @sssimed to be true (Facione, et. al.,
2012). Deductive reasoning moves from generalinatipresumed to be true, to a

specific conclusion that is assumed to be true.

Interpretation: Interpretation is being able to “comprehend angress the
meaning or significance of a wide variety of expedes, situations, data, events,

judgments, conventions, beliefs, rules, procedaresiteria” (Facione, 1990, p. 16).

Explanation: Explanation is “to state the results of one’s og#@sg; to justify the
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reasoning in terms of the evidential, conceptu&thmdological, criteriological and
contextual considerations upon which one’s resudire based; and to present one’s

reasoning in the form of cogent arguments” (Facid®90, p. 21).

Self-Regulation: Self-regulation requires an individual to consesigu'monitor
one’s cognitive activities, the elements used osthactivities, and the results educed,
particularly by applying skills in analysis and kiation to one’s own inferential
judgments with a view toward questioning, confirgjimalidating, or correcting either

one’s reasoning or one’s results” (Facione, 199@2p.

Comparison Group: The comparison group is composed of studentsdittgn
AISK who are not IB-DP students. These studentsratiee regular liberal arts program
and are enrolled in courses that follow the IB-iRriculum. These students do not take
the Theory of Knowledge course, write the ExtenBesay, or participate in Creativity,
Action, Service. They are also not required to tkee Higher Level courses. A high
percentage of the comparison group are certifistatdents and are enrolled in Standard

Level courses with the IB-DP students.

Treatment Group: The treatment group is composed of students atignaliSK
who are IB-DP students. These students take theryloé Knowledge course, write the
Extended Essay, and participate in Creativity, dwtiService. They are also required to

take three Higher Level courses.
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Chapter 2

Literature Review

This review of the literature examines the broas&ue of whether a course
designed to develop generic critical thinking skdhn be successful in achieving this
objective. It presents the theoretical and emgiap@roaches that have been used to
understand critical thinking development. The revecuses in particular on four
domains of research surrounding critical thinkidg@&ation theory. The first domain
discusses the history of critical thinking theonglats application to modern education
models. The second domain investigates the deveonpai a definition of critical
thinking. The third domain focuses on instructioteahniques used to develop critical
thinking skills. The fourth domain examines theDigloma Programme (IB-DP) and its
application to research on critical thinking in th&velopment of curriculum and

instructional techniques.

History of Critical Thinking

The Ancient Greek philosophers are celebratedhair propensity for
guestioning authority and basing their opinionobgeervations and rational thought. At
the time, the concept of asking questions was densd radical and dangerous because it
implied that traditional authority figures, suchthe gods or the government, were not

infallible or in possession of specialized knowledBaul, 1992). They encouraged the
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young people of their time to demand explanatioosftheir elders and to recognize that
some explanations were more worthy of acceptarare dkhers (Thayer-Bacon, 2000).
Socrates, the most famous and influential of thee@philosophers, recognized the need
to question authority and traditional beliefs ando® doing laid the foundation for critical

thinking (Hare, 1998).

Although Greek philosophy laid the foundation fatical thinking, Immanuel
Kant’s philosophy marked the high point of the Bhtenment, which embraced
humanism and the benefits of human rationalitys tintroducing the modern era of
democracies (Mingers, 1992; Toulmin, 1990). Kaséminal workThe Critique of Pure
Reasonpublished in 1781, questioned the basic assumpéondgudgments used to
establish fundamental truths. By challenging huityaioi not accept knowledge as given,

Kant questioned what previous thinkers and soddtaal ordained as absolutes.

Kant played a pivotal role in the developmentuofical theory, but Hegel, Marx,
and the Frankfurt School also heavily influenceslélRkamination and critique of society
(Magee 1990; Rorty, 1991). Hegel (1991), in his2 galitical workElements of the
Philosophy of Rightcriticized the contemporary subjugated state.béleeved this
subjugation was a historical condition and not tarsh state, and saw the need for
liberation. He sought to reveal the social andtjali structures that dominate and shape

our world.

Marx and Engels (1848/2010) developed a theoryndwdd to influence the
alienated, underprivileged masses to revolt ag#estapitalist system of exploitation in

their 1848 pamphlet theommunist ManifestoThe Frankfurt School of critical theorists
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saw the Enlightenment as having faltered in briggihout the emancipation of
humankind. They argued that modern advancementsrieated technological and
political structures that removed the scarcityesfaurces repressing the poor. They
believed that critical theorists must work for usisal freedom from toil and domination

and bring about human emancipation (Brocklesby &n@ings, 1996).

In 1962, Jurgen Habermas (1989) extended the widhked-rankfurt School by
publishing his first major workThe Structural Transformation of the Public Sphéme.
this immensely controversial text he conceptualizgtital theory as knowledge that
empowered human beings to liberate themselvesdhrself-reflection. The project of
human emancipation seeks to achieve the maximumla@went for all individuals by

improving the quality of work and life in the soties in which they participate.

Collective emancipation requires individual undansling and knowledge about
one’s values and beliefs. Habermas (1989) contetidedritical theory assists people to
understand what needs to be done to support $ldttien. Postmodern thinkers, such as
Habermas, wanted to expose the traditionally imgpa$eictures and categories that
govern our lives as historically situated and prtmdeconstruction. They realized the
importance of being able to articulate one’s thasghuestions, and feelings as a
necessary attribute to initiate social change. Camaation through dialogue was seen
as a means to bring about mutual understandingadiwthal consensus (Heydebrand,

2004).

The concept of developing critical thinking to irope social conditions evolved

from the originators of critical theory. Theorigtscouraged the development of critical
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thinking skills to challenge the oppressive condsuhat limited the freedom of societies
(Brocklesby & Cummings, 1996). Questioning, arguirggthinking, and reflecting were
seen as necessary skills for an individual to dounte to society and provide a platform
for change (Brookfield, 1987). The changes andlehgeés made by members of
postmodern society resulted from the willingnesguestion, to argue, and to think at a
higher level of cognitive function such as appligat analysis, and evaluation. Critical

thinking skills were seen as necessary in the posdém era.

While Habermas was developing the theory of hunmaaneipation educational
scholars began to apply critical theory to the ficatpurposes of education. John Dewey,
in How We Think: A Restatement of the Relation oeR®&fe Thinking to the Educative
Process presents a concept of education that incorpothtesharacteristics of critical
thinking as “reflective thinking... active, persisteand careful consideration of a belief
or supposed form of knowledge in light of the grdsimvhich support it and the further
conclusions to which it trends” (1933, p. 9). Deyweyo had studied such famous
American pragmatists as Charles Saunders Piercév/dlidm James, recognized the
necessity for individuals to actively engage tloin thinking through reflection and
evaluation, giving reasons and explanations torakfeeir assumptions. He encouraged
individuals to participate in the process of refilee thinking in order to improve their
understanding and learning. Dewey began to deval@pncept of education which
stressed the importance of thought, inquiry, atellectual independence” (Hare, 1998,
p. 39). Dewey exercised a great influence on thadl@ctual traditions that concerned the

next generation of scholars and educational thesoftitare, 1998).

Edward Glaser (1941), in Experiment in the Development of Critical Thmaki
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is credited with leading what is often referredfas “First Wave of the Critical Thinking
Movement” (Walters, 1994). Glaser argued thataaltthinking must become a primary
goal of educational curricula. His work generatatisgourse on the need for the
development of critical thinking within educatioraiicles. Glaser worked with Watson
to identify intellectual skills, abilities, and ghssitions necessary to make decisions

unaffected by emotions or bias (Watson & Glase#2)9

Benjamin Bloom (1956) entered into the criticah#ting discourse with his
attempt to further define these intellectual slalfal abilities. He articulated six levels of
cognition: knowledge, comprehension, applicatiorglgsis, synthesis, and evaluation.
These levels proceed from the most basic levetsioking to the most complex. The
three highest levels (analysis, synthesis, anduatiah) represent critical thinking (Clark,
2010; Kennedy, Fisher, & Ennis, 1991). Bloom’surihce on the understanding of
critical thinking is considerable but interest ahslcussion continued to exist primarily in

the field of philosophy (Hare, 1998).

However, several key incidents in the early 198tigzadered a second wave of
critical thinking enthusiasm and this time its apgions were seen to be multi-
disciplinary (Walters, 1994). National studies cocigd in the 1980s and early 1990s
suggested that both secondary and post secondalgnss lacked critical thinking skills
(National Education Goals Panel, 1992; AssociatibAmerican Colleges and
Universities [AAC&U], 1985; National Institute ofdtication Study Group, 1984). These
findings resulted in a call for mandatory incorgaa of critical thinking skills in the
curricula for American students (Facione, Facidneari, & Yuen, 2009; Pithers &

Soden, 2000). With critical thinking again recetyiconsiderable attention, scholars from
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various academic disciplines were forced to adaptboncept of critical thinking to their
respective disciplines (Norris & Ennis, 1989; Wedte1994). Suddenly, critical thinking

had become an interdisciplinary concern (Paul, 1995

Definition of Critical Thinking

In 1987, the American Philosophical Association M\Rsked Peter Facione, a
leading critical thinking researcher from Calif@ar$tate University Fullerton, to conduct
a systematic inquiry into the state of criticahtting. Facione utilized the Delphi Method
and convened an interdisciplinary interactive pare&xperts willing to share their
expertise and work toward a consensus on theatatéical thinking (Facione, Sanchez,
Facione, & Gainen, 1995). Forty-six persons, widelsognized by their professional
colleagues to be leaders in critical thinking instion, participated in the APA project

coordinated by Facione (Facione, 1990).

The panel of experts understood that divergenteoto@lizations of critical
thinking had hindered curricular efforts. The pathetermined that its “most worthwhile
contribution would be an articulation of a cleadaorrect conceptualization of CT”
(Facione, 1990, p. 6). After two years of discussad reflection, their project

culminated in this consensus statement regarditigadithinking:

We understand critical thinking to be purposefalf-segulatory judgment which
results in interpretation, analysis, evaluatiord arfierence, as well as explanation
of the evidential, conceptual, methodological,esrdlogical, or contextual

considerations upon which that judgment is basadsuth, CT is a liberating
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force in education and a powerful resource in opetsonal and civic life. While
not synonymous with good thinking, CT is a pervasand self-rectifying human
phenomenon... It combines developing CT skills witintaring those

dispositions which consistently yield useful ingdgghnd which are the basis of a

rational and democratic society (Facione, 1990, p.3

The panel went on to identify six cognitive skiliet were included in critical thinking a)
interpretation, b) analysis, c) evaluation, d) iefece, e) explanation, and f) self-
regulation (Facione, 1990, p.8). The panel ackndgéd that it is not necessary to be

proficient at every skill in order to have critidhinking ability (Facione, 1990).

The panel also recognized that not every usefuhitiog process should be
thought of as critical thinking. Problem-solvingsaision-making, and creative thinking
are other forms of higher-order thinking that ao¢ identified as critical thinking. The
expert panel was adamant that the existence of fithas of higher-order thinking does
not preclude the development of a careful and atewonceptualization of critical

thinking (Facione, 1990).

Ennis (1987), a member of Facione’s expert padehtified logic as the key
component of critical thinking, which he definedths correct assessing of statements.
Ennis (1979) made a connection between criticakihg and those who were capable of
engaging in rational thought. He espoused goodmig as a necessary component in
the process of arriving at the correct assessri@mis’ description helps to understand

critical thinking in terms of the explicit undeng processes involved.

Paul (1992) agrees with Ennis that arriving at fmext assessment, or as he puts it
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“truth”, is the ultimate goal of critical thinkindde believes that this process requires
reasoning, the application of standards, and teeotikgic. Critical thinking, in his view,
involves “figuring out” something which cannot silpfpe a matter of arbitrary
determination: “If what we figure out can be angthive want it to be, anything we
fantasize it as being, then there is no logic eodkpression ‘figure it out” (Paul, 1992, p.
18). In the process of using reason and logiculggests that standards should be
judiciously applied. The application of standardd #&gic requires that views be

evaluated judiciously with the intent of determupitnuth.

Hemming (2000) believes that good critical thinkiaghot simply arriving at the
correct or true assessment. She believes answeresponses should occur as part of a
rational process in which well-formulated and sahsated views are adopted with the
understanding that these views may continue to aamder critical review. This is not to
say that the critical thinking process is mereftisg diverse opinions, or understanding
and appreciating others’ perspectives. Lipman (18®dorizes that all views are not
equally valid. Instead, positions are to be wadludht-out, plausible, and defensible. It is
only when relevant, new information is brought &mbon the matter that one would
engage in revision to one’s views. Ultimately, icat thinking involves the use of
cognitive skills (interpretation, analysis, evalaat inference, explanation, and self-

regulation as articulated by Facione in 1990) tonfgorrect assessments.

While almost all scholars agree that cognitivelsldre required to participate in
critical thinking, many scholars also suggest #raindividual must have the disposition
to do so (Ben-Chaim et al., 2000; Facione, 1990péta, 1998; Chambers, et al., 2000;

ten Dam & Volman, 2004). It has been argued thétal thinking involves two related,
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but conceptually distinct, aspects: the abilityse cognitive skills to reason well but, at
the same time, to also possess the disposition swBen-Chaim et al., 2000; Bailin &
Seigel, 2003). The affective disposition requireddritical thinking is the internal
motivation to consistently use thinking to engagabfems and make decisions (Facione,
Facione, & Giancarlo, 1997). Affective dispositicare defined as certain tendencies of
action toward particular patterns of intellectuahbvior (Ennis, 1987, Tishman &
Andrade, 1996). Definitions of affective dispositsomost commonly include a) open-
mindedness, b) flexibility, ¢) inquisitiveness,jddliciousness, and e) persistence

(Facione, P., Facione, N., & Giancarlo, C., 200Ba@bers, et al., 2000).

This study focused on the development of the dognskills required for
effective critical thinking. Cognitive skills halmen defined as the ability to use
cognitive powers to make purposeful, self-regulajodgments (Facione, Sanchez,
Facione, & Gainen, 1995). The cognitive skills mamnmonly associated with critical
thinking include a) interpretation, b) analysisegaluation, d) inference, e) explanation,

and f) self-regulation (Facione, 1990).

Teaching Critical Thinking

Enhancing students’ critical thinking abilities Hascome one of the most
important goals in education (Bailin & Segel, 20B&ter & Legacy, 2007; Daly, 1998;
Grauerholz & Bouma-Holtrop, 2003; Scheffler, 197M3gspite this widespread focus on
critical thinking, it has remained a complex taskdurriculum developers to determine

the best method of developing this important skibtudents (Pithers & Soden, 2000).
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Many theorists have proposed strategies to encewgtaglents’ development of critical
thinking skills, but few have empirically-testec#ie strategies to determine if critical
thinking skills are being developed (Geersten, 2@auerholz & Bouma-Holtrop,
2003; Pithers & Soden, 2000). Educators and autne developers continue to

speculate as to the best way to teach these inmpaitals.

Is Critical Thinking a Generic Skill?: Most scholars agree that critical thinking
is necessary in all disciplinary areas, but depatsists about whether it consists of a set
of generic skills that apply across various disogs or whether it depends on the
specific subject domain in which it is being apgl{@brami et al., 2008). If critical
thinking is dependent on knowledge and expertisespecific discipline, then it should
be learned by solving problems within that spedfibject area (Smith, 2002). If it is
generic, then specialized courses designed to aieweeitical thinking skills should be

taught (Vaughn, 2008).

The subject-specific position is represented invibe/s expressed by McPeck
(1990a). He believes that in the zeal to articullageneed for critical thinking in
classrooms, curricula were developed incorrectlgPBtk (1990a) suggests that critical
thinking is field dependent. He argues that teaglonitical thinking outside of a specific
subject area is impossible. For McPeck, criticalkimg involves a specific knowledge
component for a specified discipline, and a critcmanponent involving reflection of that
specific knowledge. Barrow (1991) agrees and \wamncern over attempts to
implement a critical thinking curriculum which doest relate critical thinking to content
and argues that such programs typically avoideaiithought within complex,

sophisticated, and important areas of inquiry. ré&fuge, critical thinking in one subject
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does not necessarily translate into critical thagkwvithin another subject. That is why
McPeck (1990b) and Barrow (1991) argue that thatdvalk of critical thinking
programs stressing techniques and strategies witegard to a solid knowledge base are

misguided.

Conversely, many scholars argue that critical timgknvolves abilities and skills
thatare applicable to any problem or subject matter (PE92; Seigel, 1990; Vaughn,
2008; Wade & Tavris, 1993). Vaughn describes @itibinking as a systematic
evaluation or formulation of beliefs that can bediacross all disciplines. Critical
thinking is comprised of a set of techniques, dt#s, and principles that we can use in
all disciplines (Vaughn, 2008). These scholars waufjue that critical thinking is a set
of skills that can be systematically applied tos#lliations regardless of the subject

matter.

Halpern (1998) agrees, stressing the importans¢uoients learning skills that
can be used in multiple contexts. Students neeevelop a repertoire of skills that can
be called upon when necessary. Learning shoulebigmmed to enable students to
retrieve necessary skills regardless of conterat. &edtical thinking should be taught in
such a way as to facilitate the appropriate anditgpeous transfer of skills. When this is
achieved students are able to focus their attemiiotihe construct of the arguments or

problems presented (Halpern, 1998).

Do Ennis’ Four Instructional Techniques Develop Criical Thinking?:
Regardless of the theory embraced by the practitionthe classroom most instructional

techniques can be classified within Ennis’ (198@ptogy. The four instructional
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interventions described by Ennis (1989) are: génerffasion, immersion, and mixed. In
the general course, specific subject content isddtessed but rather critical thinking
skills and dispositions are the targeted learninjgaives. The infusion method teaches
specific critical thinking learning objectives withthe subject matter. Critical thinking
and content knowledge are both explicit learningctives. Immersion, in contrast, does
not explicitly identify the critical thinking leanng objectives, which exist alongside the
content outcomes but are not expressed withinngteuctional environment. In the
mixed approach, critical thinking is taught as pasate track within a specific subject. In
recent years there has been a revival to deterwiineh of Ennis’ types of instruction

best develop critical thinking learning objectives.

General: According to Ennis (1989), the general approatdngits to teach
critical thinking skills and dispositions in a segi@ course. The presentation of these
objectives is separate from the content of anyipetibject. The general approach
usually involves some content but it is not reqiiioe specific to any particular discipline
(Abrami et al., 2008). This approach suggests aaugal set of critical thinking skills or

dispositions that can be applied to all situatimgardless of the discipline (Ennis, 1989).

A study of 38 fourth-and fifth-grade students inlSiuis public schools
examined the effects of Ennigéneralapproach on the development of critical thinking
skills (Riesenmy, Mitchell, Hudgins, & Ebel, 199This quasi-experiment examined
whether students receiving training and practicéladgins and Edelman’s (1988) four
self-directed critical thinking roles could retaind transfer these skills on a problem-
solving posttest better than students who wergiveh instruction or practice. The

students in the treatment group had higher retersioores on the three variables that
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were tested. The treatment group also demonstsai@etior skills when answering the
problems requiring the transfer of the criticahtting skills. This study supported the
general approach demonstrating that schoolchilgnen training in reasoning methods

perform better than untrained children.

Infusion: The infusion approach to teaching critical thirgknequires purposeful
and well-understood subject matter instruction imolr students are explicitly
encouraged to think critically. It is importantriote that general critical thinking

principles are made explicit within the instructi@&nnis, 1989).

An example of critical thinking infusion instructios provided by Zohar,
Weinberger, and Tamir (1994) in the Biology Criti¢ainking Project (BCT). The BCT
project was designed to support seventh-gradedydatudents in Israel develop critical
thinking skills. This study incorporated specifittical thinking activities into the
biology curriculum. The objectives of the BCT prdjevere to determine if critical
thinking development would occur with an infusimstructional approach. The 678
seventh-grade students were randomly distributedtwo groups. Both groups studied
the same seventh-grade biology textbook but tregrtrent group experienced the BCT
activities and the comparison group did not. Tisilts indicated that the students in the
treatment group improved their critical thinkingliskcompared to the students in the
control group. Critical thinking skills improved mew areas of applied biological
knowledge as well as other everyday topics, sugggestinsfer of skills across domains.
Another interesting component of the study reve#thed students in the treatment group
also scored significantly higher on a biologicabtutedge test. This study indicates that

knowledge and critical thinking can be developedusianeously using the infusion
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method.

In another study, Barak, Ben-Chaim, and Zoller {dG&xamined whether critical
thinking skill development occurs when instructmfrthese skills is embedded within the
framework of science education. This longitudinatpst, posttest, post-posttest
experimental study divided students in an Israigh Ischool into three groups. The
experimental group consisting of 57 science maj@s exposed to teaching strategies
designed to enhance critical thinking skills. Tvibey control groups, one with 41
science majors and the other with 79 non-sciengersjavere taught traditionally and
received no critical thinking instruction in thé@ssons. The treatment group significantly
improved critical thinking skills and dispositioimlscomparison to the control groups on
posttests o he California Critical Thinking Disposition Invesrty (CCTDI) (Facione &
Facione, 1992) test ariche California Critical Thinking Skills Te§€ECTST) (Facione &
Facione, 1994). This study demonstrated that afitlunking skills transfer across
domains as the CCTST tests generic critical thiglsiills and is not specific to science.
Barak, et al. (2007) also determined through catal interviews that teacher training
on critical thinking instructional strategies musaprove to meaningfully enhance this

learning objective.

An experimental study in two high schools in Latekamined the effectiveness
of the infusion approach to critical thinking insttion within the context of foreign
language education (Sokol, Oget, & Khomenko, 2088)retest/posttest design was
employed to determine if 26 students receivingaaitthinking instruction as part of the
foreign language curriculum demonstrated significacrease in critical thinking skills

in comparison to the 27 students in the controligré\ number of factors including
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difference in instructional time, previous expostareritical thinking instruction, and
teachers varied approaches, could not be contrfdled the study and thus brings into
guestion the reliability of the study. The researshare confident, however, that the
results support critical thinking instruction imlgksdl into the curriculum as an
instructional method to enhance the developmeatittal thinking and the transfer of

these skills across multiple disciplines (Sokokle008).

Immersion: In the immersion approach, teachers design subjatier to be
thought-provoking and force students to think callly by immersing them in the subject
matter. However, critical thinking learning obje®ts and principles are not explicit

within the instruction of the course (Ennis, 1989).

Kamin, O’Sullivan, and Deterding (2002) tested ithenersion method to develop
critical thinking in 128 third-year medical studenising digital video case simulations
followed by group discussions. Their study soughdetermine if critical thinking as
demonstrated by discussion among students durmgpgessions differed by
presentation format. One group of students viewecdtaises on video and proceeded to
discuss the cases online, the second group savwdbes and discussed the cases face-to-
face, and the third group had face-to-face disonssafter reading a text account of the
case. Discussions were later transcribed and cadsatding to a predetermined critical
thinking metric. The results showed critical thimsidevelopment was greatest with the
groups that received the video presentation ottment, with the online discussion
group scoring the highest. The authors speculat#dhe online format forced the
students to formulate and articulate their ideas goeater degree than the face-to-face

discussions.
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Mixed: The mixed approach combines either infusion or @rsin with the
general approach. This approach has a separateecaiuned at teaching generic
principles of critical thinking, but students at#l @xposed to critical thinking instruction

in a subject specific setting (Ennis, 1989).

McCarthy-Tucker (1998) used the mixed critical #ing instructional strategy in
a study of 190 students enrolled in a multicultwrdlan school. Pretests were given to all
students prior to the treatment. The treatmentmgreaeived instruction in formal logic
as a supplement to their curricular instructiorstBsts revealed a significant increase in
critical thinking for students who received suppétal instruction in logic. McCarthy-
Tucker (1998) recommended formal logic instructidreining for all teacher-training

programs.

A study of the effect of a mixed instructional apgch on fifth- and seventh-
grade students in Newark, New Jersey examineddhelabment of critical thinking
skills in the subjects of language, math, and rea@Hartman-Haas, 1984). The
experimental group was taught a supplemental thgnkurriculum along with integrated
skill development. A pretest/posttest design waslusd demonstrated that the
experimental group showed significant increasesitical thinking, language, and math

ability in comparison to the control group.

Which Instructional Approach is the Most Effective? A meta-analysis of
empirical studies conducted from 1960 to 2005 erachthe impact of instructional
interventions affecting the development of crititahking skills and dispositions

(Abrami, et al., 2008). The researchers searchetktim “critical thinking” in
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commonly-used academic databases. This searchqa@d@®,720 studies for
consideration. These studies were evaluated agams$ollowing criteria to determine if
they would be included in the study: “(a) acceditybt the study must be publicly
available or archived; (b) relevancy — the studgradses the issue of CT development,
improvement, and/or active use; (c) presence efwention — the study presents some
kind of instructional intervention; (d) compariserthe study compares outcomes that
resulted from different types or levels of treatin@ng., control group and experimental
group, pretest and posttest, etc.); (e) quantaadata sufficiency — measures of relevant
dependent variables are reported in a way thatlesaffect size extraction or
estimation: (f) duration — the treatment in totedted at least 3 hrs; and (g) age —
participants were no younger than 6 years old"1p8&). A total of 117 studies met all of

the criteria (Abrami, et al., 2008).

Ennis’s (1989) critical thinking typology of instrtional approaches (general,
infusion, immersion, and mixed) was used to clggsié various instructional
interventions in these 117 studies. The mixed ntkthnere critical thinking is taught as
an independent or separate component within theseaf study, had the greatest
positive effect on critical thinking developmenhélimmersion method, where critical
thinking is an implicit expectation of the courbad the smallest effect on critical
thinking development. The general approach, whetiea thinking skills are taught as
the explicit objectives of the course, and thesidn approach, where critical thinking is
explicitly stated as an objective but is embedaad ihe course content, had moderate
effects on critical thinking development (Abramnti a&, 2008). Based on these studies,

whether critical thinking is taught as a separaterse or embedded within content
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appears to have no significant difference. The@stbhoncluded that the mixed method
of instruction, where critical thinking objectivase taught separately and then applied as
part of a specific course design, appears to Hevgreatest impact on critical thinking

development.

The Abrami et al. (2008) study provides valuabkght into the most effective
instructional methods for the development of caitithinking. However, of the 117
studies analyzed, only eight targeted high-schb®18) age students (Abrami et al.,
2008). The vast majority (80 of 117) of the studd@amine undergraduate postsecondary
students (Abrami, et al., 2008). A dearth of resiean the development of critical

thinking in high-school age children continues &aproblem.

Critical Thinking Development in the International Baccalaureate: Diploma

Programme

Alec Peterson (2003), the first director generahefIB, stated that “the aim of
general education is not the acquisition of genemalvledge, but the development of the
general powers of the mind to operate in a vawétyays of thinking” (p. 41). The
Diploma Programme continues to be guided by thigcyple in the planning of

curriculum and the methods of assessment (IBO, 208®, 2009b).

The International Baccalaureate Diploma Progransm®nsidered to be a
demanding educational program designed for studaygad 16 to 19 (IBO, 2009a,;
Mathews & Mathews, 201D)iGiorgio, 201(. Diplomats and others involved in the

reconstruction effort of post-World War 1l Europguired a common high-school
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curriculum for their children. They needed a curhien that would fulfill the entrance
requirements of universities worldwide. As a resultl968 the 1B Diploma Programme
was established to provide international studerits awell-rounded education, to
facilitate mobility, and to promote multiculturahderstanding (IBO, 2009a). Seven
schools participated in the original pilot IB exaaions (IBO, 2012a). The IB has
undergone noteworthy growth since those modeshhewis, and as of May 2011, 2,283

schools worldwide offered the Diploma ProgrammeJJR2011).

The IB Diploma Programme is a two-year programhag tulminates in students
sitting for internationally standardized exams. phegramme requires students to select
one course from each of six different subject arleaguage Al or the students’ best
language; a second language, focusing on spokewuiteih communication; individuals
and societies; experimental sciences; mathemaits@mputer science; and the arts.
This requirement is designed to have studentsayaigtter understanding and knowledge
base in all of the subject areas. However, thequéar entrance requirements of many
postsecondary institutions have influenced the iBldna Programme to allow students
some flexibility. Students are able to forego arseun the arts and substitute another
course from one of the other five subjects. In ezfdhese six courses, students are
instructed for 150 hours of core material. Studanésalso required to study three courses

at a higher level, demanding an additional 90 hof@irastructional time (IBO, 2009a).

The TOK course, another requirement of the DP lehgés students to question
knowledge claims, and to appreciate differencesiltural experiences and beliefs.
Diploma Programme candidates must also write a04y@frd essay based on

independent research. Finally, candidates are nedjto develop a portfolio during the
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two years of the program through the Creativitytiéww, and Service (CAS) requirement.
CAS requires involvement by the students in cregpiursuits, physical activities, and
service projects. Students must meet all thesdresgants concurrently during two years

of study (IBO, 2009c; IBO 2012a).

Theory of Knowledge (TOK). The TOK requirement was the focus of this study.
In 1999, the IB Diploma Programme launched a newsm TOK, to unify the academic
areas, develop critical thinking, and encourageapation of other cultural perspectives.
The TOK requirement became central to the educaltigimlosophy of the Diploma
Programme. It was designed to challenge studenitsesmchers to consider the role of
knowledge in their own culture and belief systenal$o encouraged participants to
reflect critically on diverse ways of knowing and athers’ areas of knowledge. It acts as
a catalyst to students’ awareness of themselvsrdeers, encouraging them to grapple
with the complexity of knowledge and to ultimatelgt responsibly in an increasingly

interconnected world (IBO, 2006).

The TOK course is promoted by the IB as the flggshthe Diploma Programme
(IBO, 2006). The course encourages critical thigkman attempt to help students make
sense of what they encounter. In its attempt tonpte considered inquiry into different
ways of knowing the TOK course is composed almostedy of questions. The most
central of these questions is “How do we know?iti€al reflection is considered to be
the foundation for developing awareness of inteomal and multicultural issues.
Reflection represents a necessary component fonieasion of our moral, political, and
aesthetic judgments. Additionally, the role of laage and thought and the development

of students’ critical thinking skills is a key cooment of the class (IBO, 2009b).

34



It is clear through an examination of the Aims @flglectives of the TOK course
that critical thinking is a significant componeAppendix B). One of the aims is to
“develop an awareness of how knowledge is congd dritically examined, evaluated
and renewed, by communities and individuals” (IROQ6, p. 5). The first stated
objective of the course is that the student shbeldble to: “analyse critically knowledge
claims, their underlying assumptions and their iogtions” (IBO, 2006, p. 5). In fact,
almost all of the Aims and Objectives of the TOKis® can be aligned with at least one
of the six cognitive skills (interpretation, anagysevaluation, inference, explanation, and
self-regulation) identified by Facione (1990) ansl panel of experts (see Table 1). This
strongly links the TOK course to the identified ndtye skills of critical thinking used

for this research.

35



Table 1

TOK Aims and Objectives: Cognitive Skills

The Aims of the TOK course are to:

Cognitive Skill

develop a fascination with the richness of knowledge as a human
endeavor, and an understanding of the empowerment that fdttmws
reflecting upon it

Self-Regulation

develop an awareness of how knowledge is constructed, critically
examined, evaluated and renewed, by communities and individuals

Evaluation

encourage students to reflect on their experiences as learrareryday
life and in the Diploma Programme, and to make connectionsbatw
academic disciplines and between thoughts, feelings and actions

Self-Regulation

encourage an interest in the diversity of ways of thinkimg) ways of
living of individuals and communities, and an awareness abpet
ideological assumptions, including participants’ own

Inference

encourage consideration of the responsibilities originatiomg the
relationship between knowledge, the community and the ohaivias
citizen of the world.

Self-Regulation

Having followed the TOK course, students should be able to:

1. analyse critically knowledge claims, their underlying assiomp and | Analysis
their implications
Inference
2. generate questions, explanations, conjectures, hypothesestale | Explanation
ideas and possible solutions in response to knowledgesissuncerning .
. ; X Interpretation
areas of knowledge, ways of knowing and students’ own exgeris
learners
3. demonstrate an understanding of different perspectivesowlddge | Interpretation
issues .
Explanation
4. draw links and make effective comparisons between different Inference
approaches to knowledge issues that derive from areas of knewledg
ways of knowing, theoretical positions and cultural values
5. demonstrate an ability to give personal, self-aware respoase Explanation

knowledge issue

Self-Regulation

6. formulate and communicate ideas clearly with due regard foraagcy
and academic honesty.

rExplanation

Self-Regulation
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A significant change to the 2006 edition of the TGKide recognizes that
students must make links between TOK and theirddigl Programme subjects. It is
necessary for DP subject teachers to dialogue T¥itK teachers and purposefully plan
to make TOK links within their classroom instructial OK teachers are also required to
look for connections with their course and the pttwurses the students are studying.
Diploma Programme subject curricula are evaluated seven-year cycle. As the new
subject guides are reviewed, a significant compowdhbe the recognition of the
relationship between the subjects and the TOK eo8sbject teachers are directed to
make connections with TOK questions as they plardtiivery of their courses.
Suggestions of theoretical concerns that ariskerstibject classroom can be further

explored in the TOK classroom (IBO, 2006).

The fact the TOK course is in existence would ssgtiee 1B curricula designers
agree with scholars such as Paul (1992), Vaughd8)2@nd Wade and Tavris (1993) in
the belief that critical thinking involves abiliseand skills that are applicable to any
problem or subject matter. However, the recent gaarno the TOK guide suggest they
realize the need for subject teachers to teactrdasfer of specific critical thinking skills.
A definite shift in design has occurred within 1Beto ensure the subject teachers and the
TOK teachers are working in conjunction to delitlex flagship course of the Diploma
Programme, Theory of Knowledge. This design woddaategorized in Ennis’s (1989)

instructional typology as the mixed approach.

The mixed approach has been identified by Abrarditas colleagues (Abrami et
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al., 2008) as the most effective instructional teghe to develop critical thinking in
students. It is clear by the structure of the DipdoProgramme and the requirements of
the TOK course that the IB subscribes to the pbpby that a balanced, mixed approach
to critical thinking instruction is best. Howeveren Abrami’s study (Abrami et al.,
2008) was only able to examine eight studies agblecto high school age children.
There is a dearth of applicable empirical reseatechounding this age of student. This
study adds to the paucity of research on the dpustmt of critical thinking in high

school age students.
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Chapter 3

Methodology

Introduction

This study sought to establish if there is a défece in critical thinking skill
development between students who have participatadourse designed to improve
critical thinking, specifically the InternationabBcalaureate — Diploma Programme (IB-
DP) Theory of Knowledge (TOK) course, and studevtie have no specific critical
thinking education. This chapter will explain thady’s purpose, research questions,
choice of research design, instrumentation, pojmiand sample, setting, procedure for

data collection, and the data analysis utilizedrtswer the research questions.

Purpose of the Study

Despite the recognized importance of developinticatithinking skills, a level of
uncertainty exists among curricula designers aadtjioners as to how best accomplish
this task (Geersten, 2003; Pithers & Soden, 2(Dépate persists among leading
theorists as to the most effective instructionathmods for developing critical thinking
skills in students (Grauerholz & Bouma-Holtrop, 3D0A lack of empirical research on
the proposed strategies remains a significant prolflGeersten, 2003; Grauerholz &
Bouma-Holtrop, 2003; Pithers & Soden, 2000). Thiklof research has caused

curriculum developers to speculate as to the bagttavteach these important skills
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(Atkinson, 1997; Daly, 1998; Grauerholz & Bouma-tiop, 2003). The purpose of this
study is to evaluate the impact of a specific cewlssigned to teach generic critical
thinking skills and add to the body of empiricadearch on the development of critical

thinking skills in high school age students.

Research Questions

This study sought to answer the following question

1. Is there a significant difference between the ghoeitcritical thinking skills, as
demonstrated by the Test of Everyday Reasoning JF¥HRBtal Score, between
students who participated in a course designechpodve critical thinking skills
(the International Baccalaureate —Diploma Prograniheory of Knowledge
course) and those who did not participate in theses?

a. Is there a significant difference between the ghoefttargeted cognitive
skills, as demonstrated in TER — Scale Scoresysisahnd interpretation;
evaluation and explanation; and inference), inetsiwho participated in
the IB-DP Theory of Knowledge course and those didanot participate
in the course?

b. Is there a significant difference between the ghoefttargeted reasoning
skills, as demonstrated in TER — Deductive and ¢tide Reasoning Scale
Scores, in students who patrticipated in the IB-iedry of Knowledge

course and those who did not participate in thessER
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Research Design

The design chosen for this study is a quantitateesal comparative, non-
experimental design using historical data. Causalparative research analyzes for
possible cause-and-effect relationships betweeardmt and independent variables
(Fraenkel & Wallen, 2006]x post factpfrom the Latin for “after the fact” describes
situations that do not permit the randomization arashipulation of variables (Ary,
Jacobs, Razavieh, & Sorenson, 208X post factaesearch is used “after variation in
the variable of interest has already been detemniméhe natural course of events” (Ary,
et al., 2009, p. 332). It is useful when the eventseatments studied already have
occurred and therefore cannot be manipulated Brdékearch (Cohen, Manion, &

Morrison, 2007).

Ex post factpcausal comparativdesigns are often used in educational research
to study retrospective cause-and-effect relatigpss{lCohen, et al., 2007). Individuals
cannot be randomly assigned to treatment or cogtoalps because they are already
established prior to the beginning of the reseé@ay, Mills, & Airasian, 2009). The two
groups of students compared in the proposed stitigalected to enroll in the IB-DP or

not.

The data for this study are drawn from researclectd by the American
International School Kuwait (AISK) as part of its-going assessment and evaluation
process of the development of critical thinkingeTarger school study collected data
from two separate cohorts: Cohort 1 graduated #¢8K in 2010 and Cohort 2

graduated in 2011. When these students were iemtlesgrade, they self-registered for
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either the IB Diploma sequence of courses or te tBkcourses but not be 1B Diploma

students.

One factor that influences students’ selection theIB-DP is the perception that
is held by various nationalities if it will be oéhefit to them. Most nationalities see the
DP as an opportunity to be identified as a diligéard-working, and capable student by
college admissions officers; however, this samegqion does not exist for Kuwaiti
students. The government of Kuwait has extremedyaliive scholarship programs
available to national scholars. The Kuwait Investim&uthority’s (2012), a branch of the
Kuwait government, Masters in Business Administratcholarship of approximately
$270,000 USD for two years is an example of mothiatare available to Kuwaiti
citizens (see Appendix D). There are generallyaghypes of scholarships available to
high school graduates and a myriad of others avail@ post-secondary graduates. All
scholarships consider GPA as one of the leadingiraments for eligibility. The
difficulty of the program or curriculum is not takénto consideration. Thus Kuwaiti
students are indirectly encouraged to registetifereasiest courses or program possible
while still maintaining other eligibility requiremés (Ray, personal communication

October 3, 2012).

The TOK course is mandatory for IB-DP students thed participation forms
the intervention or treatment portion of this stuijudents not enrolled as IB-DP
students cannot participate in the TOK class. Asgfadhe assessment of critical
thinking being conducted at AISK, the studentsifi-and 12th-grade were asked to
complete the Test of Everyday Reasoning (TER). Botiorts completed the TER

pretest in the fall of 11th-grade and the same pB&test in the spring of 12th-grade.
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Figure 1 outlines the research design schema. [alss of 2010 was the first class for

which both a pretest and posttest were availablarialyses.
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Test of Everyday ReasoningAlISK used the Test of Everyday Reasoning (TER),

a version of the California Critical Thinking SlellTest (CCTST), for all students in

grade eleven (pretest) and grade twelve (postiHst) TER is used by AISK to examine

the development of critical thinking, an identifiérning objective in need of

development and measurement by AISK as part acitseditation process with the

Middle States Association (MSA) in 2008. Facion@9@) developed this instrument in

response to a request from the American PhilosapAssociation (APA) to make a
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systematic inquiry into the state of critical thimlx. Facione used the Delphi method,
involving forty-six “experts” in critical thinkingnstruction, to articulate a “clear and
correct conceptualization of critical thinking” (@ane, 1990, p. 6). The CCTST is based
on the expert panels consensus definition of afitizinking as the process of

“purposeful, self-regulatory, reflective judgmeiriEacione, 1990, p. 6).

The CCTST used the expert panel consensus defindievaluate an item pool
that had been developed in college-level testingepts for ten years. The items had
been continually evaluated and refined for theilitglio capture the reasoning process
and to reveal common human reasoning errors irtdksts (Facione, Facione, &
Winterhalter, 2012). The validation studies of tinst forms of the CCTST were
conducted in college-level institutions in Calif@nThey were conducted using the case
control methodology and lead to the first versibthe CCTST. Since that time the item
pool has been expanded significantly and has bseth to support critical thinking tests
for students ranging from grade three, to the dattevel, to high-level professionals
(Facione, et al, 2012). The TER, based on the CCESmtended for students in
secondary school or in the first two years of gestendary education (Facione, et al.,

2012).

The TER is designed to be an intellectually chajieg test, which addresses the
cognitive and reasoning skills of students. Thé@&® multiple-choice test targets the
core cognitive and reasoning skills believed t@bgsential elements in the development
of critical thinking. Each of the 35 questions ssigned to the cognitive skill categories:
analysis and interpretation, evaluation and expianaor inference. Additionally the

items are reassigned to the areas of inductivedaddctive reasoning (Facione, et al.,
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2012).

The reliability of the TER was computed using Kuééchardson internal
reliability coefficients. The Kuder-Richardson -@0R-20) function as the comparable
measurement to Cronbach’s alpha used for dichotsip@aored instruments (Facione,
et al., 2012). A KR-20 above .70 denotes a higklle¥internal consistency for an
instrument with multi-dimensional scales (Faciogtegl., 2012). The current aggregated
KR-20 estimates of the TER, ranging from .71 - @&monstrate sufficient evidence of
the internal consistency of these instrument’sitgliid measure the overall conceptual

construct: critical thinking (Facione, et al., 2012

The TER is designed to involve the test-taker'saaang skills using recognizable
issues and contexts. Test-takers must use cogstiile to evaluate, analyze, and
interpret information presented in a variety ofnfigst They must also analyze inferences
and determine if they represent strong or weakorgag and then explain why a given
evaluation of an inference is strong or weak. Necggized content knowledge is
required as information needed to answer questionectly is provided within the
guestions themselves. The paper-and-pencil tesiresgb0 minutes to complete and the
Flesch-Kincaid Readability Level of the TER is agléent to 6th-grade (Facione, et al.,

2012).

Population and Sample

The participants in this study were chosen fromaents enrolled as 11th-graders

in 2008 and 2009 at the American International 8tKaiwait (AISK). AISK is
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accredited by the Middle States Association of €k and Schools (MSA) and
authorized by the International Baccalaureate Qegdion to offer the Primary Years
Programme (PYP) for pre-kindergarten to grade fike,Middle Years Programme

(MYP) for grades six to ten, and the Diploma Progree (DP) for grades 11 and 12.

Two cohorts were examined for this study. Cohastutlents were in 11th-grade
during the 2008 — 2009 school year and graduat@010. Cohort 2 students were in
11th-grade during the 2009 — 2010 school year aadugited in 2011. Cohort 1 had 71
students in the fall of 2008. Of the 71 studenteked in 11th-grade, 67 completed the
Test of Everyday Reasoning (TER) in October 20G8agein in April 2010, at the end
of their senior year. Of the 67 students that cetaol both tests of the TER, 24 were IB-
DP students. These students were grouped accdadfngj enroliment in the IB-Diploma
Programme. There are 24 students in the treatmmenp@f IB-DP students and 43

students in the comparison group of non-I1B-DP gsttgle

Cohort 2 had 106 students in the fall of 2009tl@6e106 students, 104
completed the Test of Everyday Reasoning (TER)dtoker 2009 and again in April
2011, at the end of their senior year. Of the 1Qdents that completed both tests of the
TER, 38 were IB-DP students. These students wengpgd according to enrollment in
the IB-Diploma Programme. There are 38 studentisarireatment group of IB-DP

students and 66 students in the comparison gronpredB-DP students.

Generalizability. AISK is typical of schools authorized to offer thse
programmesThe International Baccalaureate has authorizatemdsrds that are strictly

adhered to and monitored. An essential featurbefB is that standards for schools are
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similar world-wide. The IB employs three primarynggonents to ensure standardization
among schools delivering the IB-DP. First of allyachool that offers the IB-DP must
be authorized to do so (IBO, 2007; IBO, 2010). phecess of becoming authorized to
offer the DP is the same for all schools. This prhae is designed to ensure all schools
are well prepared and able to successfully implarttenprogramme (IBO, 2007).
Schools wishing to offer the DP must work througi key stages, the feasibility study
and an authorization visit from an IB visiting teafurthermore, the IB requires all
authorized schools to complete a self-study proCess process is designed to reinforce

appropriate support and commitment from the comtydar the programme.

Secondly, the IB offers extensive professionaletigyment for teachers working
in authorized schools. In 2006, over 30,000 teachad administrators were trained at 1B
sponsored workshops and events around the world, (#07). These workshops
encourage IB teachers to reflect upon and imprbge practice. Schools seeking
authorization must meet mandatory levels of IB artited training to continue the

process.

The final essential element of standardizatiortlierDP is student assessment.
The IB assessment standards are the same fouddiras world-wide. Student
performance is measured according to standardsréada that are consistent from
school-to-school and year-to-year (IBO, 2007). Fexaminations occur two times a
year, in May (for schools in the northern hemisphand November (for those in the
southern hemisphere). International teams of exarsjnvho are trained and monitored

by the IB, assess the students’ work (IBO, 2007).
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As a result, in terms of curriculum and pedag@y$K is similar to other schools
authorized to offer the IB-Diploma Programme. There, the results of this study
should be generalizable to the 2,283 schools wadewffering the Diploma Programme

as of May, 2011 (IBO, 2011).

Procedure

The superintendent of AISK granted permissionroxeed with the study. This
permission allowed specific data to be accessedder to analyze the graduating classes
of 2010 and 2011. School personnel searched schomids to retrieve specific data
regarding sex, nationality, IB-DP status, gradeipaverage, PSAT results, and TER
results. These data were given to the researcivey as unidentifiable unique

identification number.

AISK began testing the critical thinking skills it 11th-and 12th-grade students
in October of 2008 using the Test of Everyday Reesp(TER), a version of the
California Critical Thinking Skills Test (CCTST).lIAL1th-and 12th-grade students were
given the opportunity to take the TER in the fdltleeir 11th-grade year and the spring of

their senior year.

The paper-and-pencil Test of Everyday Reasoningadasnistered according to
the instructions contained in thest Manual: Test of Everyday Reason(Rgcione, et
al., 2012) by the Curriculum Coordinator at AlISKhelpaper-and-pencil test was chosen
due to internet instability in Kuwait. This testadabed the majority of the students to take

the test during the same testing period. Studeate given 50 minutes to complete the
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test. Students used computer-generated Uniquefidation Numbers as identifiers on
the CapScore answer sheet to ensure no two dugphcabbers were used on the answer

sheet.

Data Analysis

The data were organized categorically uswigrosoft Excel 2007After
reviewing for data entry accuracy, all data werponted into the Statistical Package of
Social Sciences (SPSS) Base 19.0 computer prognastatistical analysis. SPSS is a
comprehensive data analysis system that can tdkeadd complete complex statistical

analyses as well as descriptive statistics (WemBeAbramowitz, 2008).

Students in both graduating classes were divididtimo groups for the purposes
of analysis: IB Diploma candidate students andi®Biploma students. TER results
were collected in October of Grade 11 and ApriGoade 12 for all students. The TER
results used in the study include: Total scorgyritove scale scores: Analysis and
Interpretation scale score, Inference scale séor@uation and Explanation scale score;
and Reasoning scale scores: Inductive Reasonitg suare, and Deductive Reasoning

scale score.

Individual student TER gain scores were calcul@gdomparing the initial TER
scores obtained in the fall of the students’ juiyear to those obtained in the spring of
their senior year. The gain scores for each paitatd/testing points were aggregated for
the IB and non-IB groups, and simple descriptiatistics (N, mean gain score, standard

deviation, median gain score) were calculated apdnted.
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Mean gain scores for each of the two groups (IBrasreIB) underwent further

analysis to test the following hypotheses:

Hol.

Hola.

There is no significant difference between trengh of critical thinking skills, as
demonstrated by Test of Everyday Reasoning (TERg Brore, of students
who participated in the International BaccalaureBiploma Programme (IB-DP)
Theory of Knowledge (TOK) course and those whordtitiparticipate in the

course.

Dependent Variable: The dependent variable identified to tesl 4 an estimate

of the systematic gain on TER — Total score frostpeatment to post-treatment.

Independent Variable: The independent variable identified to tesl ks group

and it has two attributes: treatment and comparison

There is no significant difference betweengitmavth of targeted cognitive skills,
as demonstrated in TER - Scale Scores (analysisgargretation; evaluation
and explanation; and inference), of students whibqiy@ated in the IB-DP Theory

of Knowledge course and those who did not partteipathe course.

Dependent Variable: The dependent variable identified to tegléds an
estimate of the systematic gain on TEBcale Scores (analysis and
interpretation; evaluation and explanation; andr@hce)from pre-treatment to

post-treatment.

Independent Variable: The independent variable identified to tesL&lisgroup

and it has two attributes: treatment and comparison
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Holb. There is no significant difference betweengfremvth of targeted reasoning skills,
as demonstrated in TER — Deductive and InductiveessBreing Scale Scores, of
students who participated in the IB-DP Theory obktedge course and those

who did not participate in the course.

Dependent Variable: The dependent variable identified to tesitblis an
estimate of the systematic gain on TER — Deductna Inductive Reasoning

Scale Scores from pre-treatment to post-treatment.

Independent Variable: The independent variable identified to tesLblisgroup

and it has two attributes: treatment and comparison

This analysis used univariate analysis of covaegdNCOVA) to determine
whether obtained differences of the mean gain®fltBR — Total score are statistically
significant. An analysis of covariance, or ANCOVMatistically adjusts or equalizes the
initial differences between groups when particigaare not randomly assigned to
treatment groups (Weinberg & Abramowitz, 2008). ADNA adjusts the dependent
variable (estimate of the systematic gain on TERffferences on an independent
variable (group: treatment and comparison) to bdrotled (Gay, Mills, & Airasian,

2009).

ANCOVA is most effective in predicting the valueatlependent variable when
the independent variable being studied has a stonglation to the dependent variable
but does not interact with other independent véemfGay et al., 2009). ANCOVA
neutralizes the effect of the more powerful, notefiacting variable. The effects of the

interacting independent variables can become arobgyif this measure is not utilized.

51



Accordingly, when the data include independentaldés that are designed to be
independent of each other, it is better to use AR@Y ANCOVA than multiple
regression. A researcher is able to analyze marglsx relationships of the data using
ANOVA or ANCOVA as an analytical tool. Most imporidy ANCOVA allows the
researcher to address questions about interacANSOVA is differentiated from other
techniques in that it is more effective in neusialg the effect of a continuous
independent variable on the experiment (Gay e2@0D9). ANCOVA also allows for the

equating of non-equivalent (intact) groups.

In addition to the data analysis described abdwerésearch project involved a
multivariate analysis of covariance (MANCOVA) totdemine whether obtained
differences of the mean gain of cognitive scaleexas demonstrated by the TER —
Analysis and Interpretation, Evaluation and Exptexma and Inference scale scores
exhibit significant differences between the treatbhgroup and the comparison group.
The MANCOVA analyzed the differences of the meaim @& the reasoning scale scores
as demonstrated by the TER — Deductive and Indei®easoning scale scores to
determine if there was a significant differencenmsin students who participated in the

treatment and those who did not.

Limitations

Ex post factalesigns possess inherent threats to researclityalitiey do not
allow the researcher to control, manipulate, okaigoany variables or allow for random

assignment to treatment (Fraenkel & Wallen, 20B6xlytical tools were used to limit
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the effects of intervening variables; however,¢bmplexity of the variables limit this
study to establishing whether or not significaritedlences exist. If significant differences
do indeed exist, it will be beyond the scope of 8tudy to assign causality to

participation in the Theory of Knowledge course.

Summary

This study utilized data collected from two suctes cohorts of students entering
their 11th-grade at American International Schoolit from 2009 until 2010. This
non-experimental study employs a pretest/postesigd to establish the effects of a two-
year course of study designed to develop critimaking as measured by the Test of
Everyday Reasoning. Data was analyzed using $tatistackages for the Social
Sciences (SPSS) software, version 19.0, using ANE@wl MANCOVA. These
analyses determined if there is a significant déifee in the development of critical
thinking skills between students who participated icourse designed to improve critical
thinking skills (the International Baccalaureatepibma Programme Theory of

Knowledge course) and those who did not participatee course.
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CHAPTER 4

Results and Analysis

The purpose of this study is to determine if aiayistically significant difference
exists when comparing the growth of critical thimiibetween students enrolled in a
specific course designed to teach generic critidaking skills and students not enrolled

in the course. The specific questions the studglisolo answer were:

1. Is there a significant difference between the ghoeftcritical thinking skills, as
demonstrated by Test of Everyday Reasoning (TER)tal Score, between
students who participated in a course designeahpodve critical thinking skills
(the International Baccalaureate — Diploma Prograniimeory of Knowledge
course) and those who did not participate in theses?

a. Is there a significant difference between the ghoefttargeted cognitive
skills, as demonstrated in TER — Scale Scoresysisadnd interpretation;
evaluation and explanation; and inference), betvatetents who
participated in the IB-DP Theory of Knowledge cauasnd those who did
not participate in the course?

b. Is there a significant difference between the ghoefttargeted reasoning
skills, as demonstrated in TER — Deductive and ¢tide Reasoning Scale
Scores, between students who participated in ti@RBlrheory of

Knowledge course and those who did not participatee course?
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The results of the tests used to examine the datdedailed here. The purpose of the
statistical analysis was to determine if any dfiaadly significant differences emerged.
Finally, a summary of their contribution to prowdianswers to the research questions is

provided.

This study examined 171 high school students, twacohorts, who were
administered the TER at AISK in the fall of eleveigrade and the spring of twelfth-
grade. The Cohort 1 subsample, was comprised 88K students who graduated in
2010. This group represented 39.2 percent of tia sample of 171 students. The
Cohort 2 subsample was comprised of 104 AISK stisdeho graduated one year later
than Cohort 1, in 2011, and represented 60.8 peofehe total sample. Table 2

represents the frequency and percentage of stufibergach cohort.

Table 2

Frequency and Percent of Students in Each Cohort

Cumulative
Cohort )
Frequency Percent  Valid Percent Percent
1 67 39.2 39.2 39.2
2 104 60.8 60.8 100.0
Total 171 100.0 100.0

Descriptive Analysis of Comparison and Treatment Goups

The analysis of these data began with an evaluafithe descriptive statistics of

the treatment and comparison groups. The compagsmp was comprised of all AISK
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students in the graduation classes of 2010 and, 2@l a recorded score for the TER
scale scores in 11th-and 12th-grade, but who wetenrolled in the IB-DP. The
treatment group was comprised of all AISK studemtfie classes of 2010 and 2011,
with a recorded score for the TER scale scoredih-and 12th-grade, and wiaeere

enrolled in the IB-DP.

The comparison group had a cumulative total samoyde the two cohorts of 109
students, representing 43 students in Cohort B&reludents in Cohort 2. The treatment
group had a cumulative total sample over the twwas of 62 students, representing 24
students in Cohort 1 and 38 students in CohorgBlel'3 shows the frequency and

percent of students in the treatment and compagsoumps.

Table 3

Frequency and Percent of Students in the TreatarehiComparison Groups

Comparison Treatment Total
n % n % n %
Cohort 1 43 39.4 24 38.7 67 39.2
Cohort 2 66 60.6 38 61.3 104 60.8
Total 109 63.7 62 36.3 171  100.0

It is necessary to determine if certain demographar@bles in the dataset need to
be examined as alternate explanations of the dfietthe treatment may have on the

outcome. These alternate explanations are refévrad third variable explanations of the
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hypothetical treatment effect. The demographicaldes that may effect the outcome of

the treatment are examined further below.

Comparison of Sex

The number of male and female students in eachpgammparison and treatment,
and the percentage of each group are noted in Bafilke table reflects the number and
percentage of each sex of students organized hyricahd the number and percentage of
each sex in the combined total. The demographi sfadwed that there were 13.4%
more males than females in the study; howeveretisdittle difference (3.2% more

males) between each sex in the treatment group.

Table 4

Proportion of Students in the Treatment and CongueriGroups by Sex

Comparison Treatment Total

n % n % n %
Male 65 596 32 51.6 97 56.7
Female 44 404 30 48.4 74 43.3
Total 109 100.0 62 100.0 171 100.0

Comparison of Ethnicity

The ethnic designations chosen for this study Wersaiti, Other Middle Eastern,

American/Canadian, European, Other. The numbepanzkentage of students in each of
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these ethnic designations are given in Table 5.rlimber and percentage of each group,
comparison and treatment, are given in Table 6rédaee 93 Kuwaiti students involved

in the study representing 54.4% of the total pojparia An interesting finding is that only
17.2% of Kuwaiti students chose to enter the IBddreatment. The other ethnic

designations all have over 57% of their studenectiag the 1B-DP.
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Table 5

Number and Percentages by Nationality

Kuwaiti Other Middle Eastern ~ American/@dian European Other Total
n % n % n % n % % n %
Total 93 54.4 35 20.5 29 16.9 3 1.8 11 6.4 171 @aoo.
Table 6
Group Proportions by Nationality
Kuwaiti Other Middle Eastern ~ American/@dian European Other Total
n % n % n % n % % n %
Treatment 16 17.2 20 57.1 17 58.6 2 66.7 7 63.6 62 36.3
Comparison 77 82.8 15 42.9 12 41.4 1 333 4 36.3 109 63.7
Total 93 100.0 35 100.0 29 100.0 3 100.0 11 100.0 71 1 100.0
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Comparison of Sex in Each Ethnic Grouping

The number of female and male students in eachicetlesignation and the
percentage of each group, comparison and treat@engiven in Table 7. There are a
higher percentage of males to females throughduof ghe ethnic groups with the
exception of European; however, the limited sampleber in the European ethnic
grouping limits the generalizability of those pauiar findings. One other important
finding is the large proportion of males in the @tkthnic grouping (approximately,

72%) as contrasted with approximately 57% of madéke sample as a whole.

Another important ethnic/sex difference amonggtaips is the lower proportion
of Kuwaiti males, or 37.5%, in the treatment grolmpcomparison, the
American/Canadian ethnic grouping has the next $byweoportion of males in the

treatment group at 52.5%.

The proportion of males to females distinguishgadtionality needs to be
explored as a possible third variable explanat®tha difference between the two groups
is noteworthy. The percentage of males in the Ktigaoup is considerably less than

that of the other nationality groupings and needse examined.
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Table 7

Group and Sex Proportions by Nationality

Kuwaiti Other Middle Eastern ~ American/@dran European Other Total
n % n % n % n % % n %

Treatment

Male 6 37.5 11 55 9 52.5 0 0 85.7 32 51.6

Female 10 62.5 9 45 8 47.1 2 100 1 14.3 30 8 48.
Comparison

Male 46 59.7 9 60 7 58.3 1 100 50 65 59.6

Female 31 40.3 6 40 5 41.7 0 0 2 50 44 40.4
Total

Male 52 55.9 20 57.1 16 55.2 1 33.3 8 72.37 97 56.7

Female 41 44.1 15 42.9 13 44.8 2 66.7 3 27.3 4 7 433
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The difference in academic ability between the graups needs to be studied to
determine if it could be a possible third varialglanation. Preliminary SAT results,
Grade Point Averages, pretest TER scores, andgsdbItER scores were identified as

measures of academic ability and were subsequexdyined.

Comparison of Preliminary SAT (PSAT) Scores

One measure of prior academic ability for thiglgtwas the PSAT. This
standardized test of academic ability was chosell asudents in this study wrote the
PSAT in the fall of the eleventh-grade prior to ghart of the TOK class, or treatment.
The corresponding means, medians, minimum scor@snmm scores, and standard

deviations for the comparison and treatment greupslisplayed in Table 8.

On average, the treatment group scored higheBATRCritical Reading (+9.24),

Math (+8.74), Writing (+8.39), and Total score (+ZB than the comparison group.
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Table 8

Means, Medians, Minimums, Maximums and Standardaidens on PSAT Scores for Each Group

PSAT Critical
Group Reading PSAT Math PSAT Writing PSAT Total
Comparison Mean 39.26 40.63 40.21 120.10
Median 40.00 41.00 39.00 119.00
Min 20 20 20 68
Max 67 57 68 181
SD 8.35 7.31 9.17 21.03
N 94 94 94 94
Treatment Mean 48.50 49.37 48.60 146.47
Median 49.00 49.00 49.00 149.00
Min 27 37 35 109
Max 70 67 63 196
SD 8.30 7.83 6.75 19.29
N 60 60 60 60
Total Mean 42.86 44.03 43.48 130.37
Median 43.00 44.00 43.00 129.00
Min 20 20 20 68
Max 70 67 68 196
SD 9.45 8.63 9.24 24.06
N 154 154 154 154
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Comparison of Grade Point Average (GPA) Scores

GPAs were another academic ability data pointl useevaluate students’
academic ability. The corresponding means, mediaimgmum scores, maximum scores,
and standard deviations for the comparison andntexa groups are displayed in Table 9.
It should be noted that there is a relatively sreathple of ninth-graders for whom GPAs

are available.

The treatment group exhibited higher GPAs, onayerthan the comparison
group every year from grade 9 to grade 12 (+.782,++.49, +.24, respectively). It is
important to note that the difference in GPA watueed every year from grade 9 to

grade 12.
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Table 9

Means, Medians, Minimums, Maximums and Standardabens for GPA for Grades 9 through 12 for
each Group

GPA Grade 9 GPA Grade 10 GPA Grade 11 GPA Grade 12

Comparison Mean 2.60 2.92 2.79 2.97
Median 2.63 2.89 2.78 3.00
Min 1.58 1.53 1.43 1.02
Max 3.86 4.00 4.00 4.00
SD .54 .52 .64 .59
N 33 97 105 109
Treatment Mean 3.38 3.44 3.28 3.21
Median 3.39 3.53 3.39 3.30
Min 2.38 2.50 1.93 2.10
Max 3.89 3.98 3.96 3.96
SD .36 .36 51 49
N 17 50 57 62
Total Mean 2.87 3.09 2.96 3.06
Median 2.85 3.16 2.99 3.09
Min 1.58 1.53 1.43 1.02
Max 3.89 4.00 4.00 4.00
SD .61 .53 .64 .56
N 50 147 162 171
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Comparison of TER Pretest Scores

Students’ TER pretest scores were compared ier docevaluate whether the
students in the comparison and treatment groups aeurivalent prior to treatment. The
TER pretest is administered to all students infélieof the eleventh-grade prior to the
start of the treatment, the TOK class. The corredpmg means, medians, minimum
scores, maximum scores, and standard deviatiortedaromparison and treatment

groups are displayed in Table 10.

The treatment group outscored the comparison gooupe TER Total score on
average by +4.16. The treatment group also scagiethon average on the TER
cognitive skills of Analysis (+1.03), Inference ($3), and Evaluation (+1.41). Similarly,
the treatment group scored higher on average iarees of Deductive and Inductive

reasoning on the TER by +2.28 and +1.77 respegytivel

66



Table 10

Means, Medians, Minimum Scores, Maximum ScoreStarttlard Deviations for TER Pretest Scores for Each

Group
Analysis Inference Evaluation  Deduction Induction
Total pretest pretest pretest pretest pretest pretest
Comparison Mean 18.14 5.05 8.24 5.01 9.82 8.43
Median 18.00 5.00 8.00 5.00 10.00 8.00
Min 6 1 3 1 1 2
Max 32 8 15 11 21 15
SD 5.03 1.64 2.60 2.23 3.28 2.68
N 100 99 99 99 100 100
Treatment Mean 22.30 6.08 9.77 6.45 12.10 10.20
Median 22.50 6.00 10.00 6.00 12.00 10.50
Min 12 3 5 2 5 6
Max 32 9 14 11 17 16
SD 4.53 1.49 2.32 2.11 2.89 2.58
N 60 60 60 60 60 60
Total Mean 19.70 5.44 8.82 5.55 10.68 9.09
Median 19.00 5.00 9.00 5.00 11.00 9.00
Min 6 1 3 1 1 2
Max 32 9 15 11 21 16
SD 5.24 1.66 2.59 2.29 3.32 2.77
N 160 159 159 159 160 160
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Comparison of TER Posttest Scores

In order to evaluate whether the students irctmeparison and treatment groups
were equivalent, students’ TER posttest scores v@mrgared. The TER posttest is
administered to all students in the spring of thelfth-grade after the completion of the
treatment, the TOK class. The corresponding meaadjans, minimum scores,
maximum scores, and standard deviations for thepaoison and treatment groups are

displayed in Table 11.

The treatment group outscored the comparison gooupe posttest TER Total
score on average by +6.76. The treatment groupsats@d higher on average on the
TER cognitive skills of Analysis (+1.82), Inferen@e2.91), and Evaluation (+1.94).
Similarly, the treatment group scored higher orrage in the areas of Deductive and

Inductive reasoning on the TER by +3.82 and +2e&pectively.

Comparison of Change from TER Pretest to Posttest

The comparison group increased in the TER TotateSas well as the Cognitive
Skills and Reasoning scale scores (Total = +.2%lysms = +.02, Inference = +.05,
Evaluation = +.66, Deduction = +.20, Induction £3); however, the treatment group
improved more than the comparison group on all BE&es (Total = +.3.39, Analysis =
+.81, Inference = +1.43, Evaluation = +1.16, Denuct +1.74, Induction = +1.65).
These scores represent an increase by the treafgnoent over the comparison group in
the average score from pretest to posttest by #@h@be TER-Total score, +.79 on the

TER Analysis scale score, +1.38 on the TER Infezesuale score, +.53 on the TER
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Evaluation scale score, +1.54 on the TER-Dedud®®asoning scale score, and +1.15 on

the TER Inductive Reasoning scale score.

The academic ability of the treatment group wasceably higher than the
comparison group in all four of the measures exanhiffhe treatment group
outperformed the comparison group in PSAT scor@A$ TER pretest scores, and TER

posttest scores.

Three different teachers taught the TOK clas®¢dB-DP students causing a
varying treatment experience between the stud€htsefore, the teacher giving the
treatment to the students needs to be exploredttrdine if it is a possible third variable

explanation of the effect of treatment.
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Table 11

Means, Medians, Minimums, Maximums and Standardaidens on TER Posttest Scores for Each Group

Analysis Inference Evaluation  Deduction Induction
Total posttes!  posttest posttest posttest posttest posttest
Comparison Mean 18.93 5.07 8.29 5.67 10.02 8.93
Median 19.50 5.00 8.00 6.00 10.50 9.00
Min 5 1 2 1 1 2
Max 34 9 15 11 18 16
SD 7.10 2.20 3.07 2.64 4.31 3.30
N 104 102 104 104 104 104
Treatment Mean 25.69 6.89 11.20 7.61 13.84 11.85
Median 26.00 7.00 11.00 8.00 15.00 12.00
Min 7 1 3 1 2 5
Max 35 9 15 11 19 16
SD 5.80 1.80 2.77 2.33 3.67 2.71
N 61 61 61 61 61 61
Total Mean 21.43 5.75 9.36 6.39 11.43 10.01
Median 22.00 6.00 10.00 7.00 12.00 11.00
Min 5 1 2 1 1 2
Max 35 9 15 11 19 16
SD 7.39 2.24 3.27 2.69 4.48 3.39
N 165 163 165 165 165 165
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Comparison of Treatment Group By Teacher

The number and percent of treatment group studemach of three teachers’
classrooms is represented in Table 12. There waralkof 62 students receiving
treatment. Teacher A taught 26, or 41.9 percerdfuafents in the treatment group;
Teacher B taught 22, or 35.5 percent of studentisdrireatment group; and Teacher C

taught 14 or 22.6 percent of the students in x@tnent group.

Table 12

Frequency and Percent of Students in the Treat@eoiip by Teacher and in the
Comparison Group

Frequency Percent

Teacher A 26 41.9
Teacher B 22 355
Teacher C 14 226
Treatment Group

Total 62 100

Correlational Tests of Demographic Variables

In order to determine if particular demographidatles in the dataset would

need to be examined as potential third variabldaggions of a hypothetical treatment

effect, a series of correlational tests were peréat.

Cohort: Table 13 shows that none of the TER mean pretgsbsitest scores
significantly differed between the two cohorts. $luohort is not a candidate for a third

variable explanation of a hypothetical treatmefdafand does not need further analysis.
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Table 13

ANOVA Test for the Effects of Cohort on the TER&Bteand Posttest Scores

Sum of Square df Mean Square F Sig.
Analysis pretest Between Groups 6.361 1 6.361 2.329 129
Within Groups 428.822 157 2.731
Total 435.182 158
Inference pretest Between Groups 946 1 946 140 .709
Within Groups 1062.765 157 6.769
Total 1063.711 158
Evaluation pretest Between Groups 10.410 1 10.410 1.996 .160
Within Groups 818.886 157 5.216
Total 829.296 158
Deduction pretest Between Groups 1.927 1 1.927 174 677
Within Groups 1749.173 158 11.071
Total 1751.100 159
Induction pretest Between Groups 14.884 1 14.884 1.955 .164
Within Groups 1202.710 158 7.612
Total 1217.594 159
Analysis posttest Between Groups .687 1 .687 137 712
Within Groups 810.000 161 5.031
Total 810.687 162
Inference posttest Between Groups .897 1 .897 .083 73
Within Groups 1757.285 163 10.781
Total 1758.182 164
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Evaluation posttest

Deduction posttest

Induction Posttest

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

.063
1185.113
1185.176

.614
3283.834
3284.448

1.972
1884.004
1885.976

163
164

163
164

163
164

.063 .009
7.271

.614 .030
20.146

1.972 A71
11.558

926

.862

.680
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Sex: The ANOVA test for difference of sex shows that of¢he TER scale
scores, pretest inferential reasoning, differaiates and females. The results are shown

in Table 14.

Further analysis, shown in Table 15, revealedniaes scored higher on the
pretest TER inference scale score. Table 15 shoevRitther analysis on the inference
pretest scores for males and females. This studgtispecifically designed to study the
effects of sex; however, the fact that it is cated with the critical thinking cognitive
skill - inference suggests that one model of ansissould include sex as a covariate.
This analysis eliminates the effect of sex andvaslthe independent variable of group,

treatment or comparison, to be more accuratelyyaadl
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Table 14

ANOVA Test of Mean Sex Differences on TER MeareScor

Sum of Squares df Mean Square F p
Analysis pretest Between Groups 4.70 1 4.70 1.72 .19
Within Groups 430.48 157 2.74
Total 435.18 158
Inference pretest Between Groups 66.51 1 66.51 10.47 .001
Within Groups 997.20 157 6.35
Total 1063.71 158
Evaluation pretest Between Groups 22 1 22 .04 .84
Within Groups 829.08 157 5.28
Total 829.30 158
Deduction pretest Between Groups 11.57 1 11.57 1.05 .31
Within Groups 1739.53 158 11.01
Total 1751.10 159
Induction pretest Between Groups .04 1 .04 01 .94
Within Groups 1217.55 158 7.71
Total 1217.59 159
Analysis posttest Between Groups 3.36 1 3.36 67 41
Within Groups 807.33 161 5.01
Total 810.69 162
Inference posttest Between Groups 51 1 51 .05 .83
Within Groups 1757.67 163 10.78
Total 1758.18 164
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Evaluation posttes Between Groups
Within Groups
Total

Deduction posttes Between Groups
Within Groups
Total

Induction Posttest Between Groups
Within Groups
Total

.69 1 .69
1184.48 163 7.27
1185.18 164

21.25 1 21.25

3263.20 163
3284.45 164

4.89 1 4.89
1881.08 163 11.54
1885.98 164

20.02

.10

1.06

42
1.72

.76

.30

.52

Table 15

Mean Scores on Inference Pretest for Males and fesna

N Mean SD
Female 67 8.06 2.58
Male 92 9.37 2.48
Total 159 8.82 2.59
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GPA: Only the 9th-and 10th-grade GPAs were considerdxktlegitimate
possible covariates as these were assessed ptiw teeatment, the TOK course. The
11th-and 12th-grade GPAs were assessed afterati@tthe TOK course; therefore,
eliminating these scores as legitimate covaridbesl variable explanations, for any
treatment effects that may be discovered. The sasipé for 9th-grade GPA is relatively

small and may reduce the usefulness of this variabl

Table 16 shows that both 9th-and 10th-grade GP&s wignificantly correlated
with all five TER scale scores. Thus, it will becessary to consider a series of models
that include the grade 9 and 10 GPA scores to abiair the effects of these possible
third variable explanations of the hypotheticahtreent effect. It is necessary to control
for initial dependent variable, or group, differesmn GPA scores by examining these
scores as covariates in the analyses. If it israted that the effect for group is a
nonfactor when we control for the effects of GP#e tata will become consistent with a
spurious effect. Any significant growth or diffenbetween the two groups could be
rationalized as one group being more capable tmaother as measured by GPA

performance.
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Table 16

Correlations Between GPAs and TER Scales at Posttes

Analysis Inference Evaluation Deduction Induction

GPA Grade 9 Pearson Correlatior .336 478" 518" 437" 500
Sig. (2-tailed) 021 .001 .000 .002 .000
N 47 47 47 47 47

GPA Grade 10 Pearson Correlatio .323" 327" 204 284" 299"
Sig. (2-tailed) .000 .000 .015 .001 .000
N 140 142 142 142 142

** Correlation is significant ap < 0.01 level (2-tailed).
* Correlation is significant gb < 0.05 level (2-tailed).
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PSAT: Table 17 reveals that all five of the scale scorethe TER test are
significantly correlated with the three PSAT scorBserefore, it will be necessary to run
a series of models that include each of the PSAfesc These models will control for
initial group differences on PSAT scores and areatyiese scores as covariates. If the
effect for group remains constant when the effeEBSAT are controlled, PSAT scores

can be disregarded as a third variable explanatidime hypothesized treatment effect.

Table 17

Correlations Between PSAT Scales and TER Scalessitiest

Analysis Inference Evaluation Deduction Induction

PSAT r .656  .587 605 631 6472
Critical p  .000 .000 .000 .000 .000
Reading N 148 150 150 150 150
PSAT r 5327 595 488 586 543
Math p .000 .000 .000 .000 .000
N 148 150 150 150 150
PSAT r 579 571 508 579 566
Writing p .000 .000 .000 .000 .000
N 148 150 150 150 150

**p < 0001 (2-tailed).

Treatment Group Teacher: Students in the treatment group received instractio
for TOK, or treatment, from one of three differé@tchers creating the possibility of
correlated error. One of the assumptions, wherzing ANOVA for the analysis, is that
error terms are uncorrelated (Garson, 2012). Ténsr terms should be independent,
random, and normally distributed around a zero mé&amson (2012) suggests that the

best way to ensure this is through randomizatiosaofiples. This was not done, therefore,
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we must test this assumption. If there are no nadgéerences on the TER scales between
teachers, it can be concluded that the error tammsincorrelated across classrooms and
the assumption of uncorrelated error is met. TéBlshows that there are no mean

differences on the TER scales across classroomsscdincluded that the assumption of

uncorrelated error is met.
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Table 18

ANOVA Test of Mean Differences on TER Scores bgh€ea

Sum of Mean
Squares  df Square F p
Analysis pretest Between Groups 2.02 2 1.01 45 .64
Within Groups 128.57 57 2.26
Total 130.58 59
Inference pretest Between Groups 15.60 2 7.80 1.48 .24
Within Groups 301.13 57 5.28
Total 316.73 59
Evaluation pretest  Between Groups 7.50 2 3.75 84 44
Within Groups 25535 57 448
Total 262.85 59
Deduction pretest  Between Groups 6.07 2 3.04 36 .70
Within Groups 487.33 57 8.55
Total 493.40 59
Induction pretest Between Groups 2.66 2 1.33 19 .82
Within Groups 388.94 57 6.82
Total 391.60 59
Analysis posttest Between Groups 8.80 2 4.40 1.38 .26
Within Groups 185.39 58 3.20
Total 194.20 60
Inference posttest  Between Groups 19.18 2 9.59 1.26 .29
Within Groups 442.46 58 7.63
Total 461.64 60
Evaluation posttest Between Groups 2550 2 12.75 2.47 .09
Within Groups 299.06 58 5.16
Total 32456 60
Deduction posttest Between Groups 4297 2 21.48 1.63 .21
Within Groups 765.39 58 13.20
Total 808.36 60
Induction Posttest  Between Groups 31.73 2 15.87 2.26 .11
Within Groups 40794 58 7.03
Total 439.67 60
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Summary of the Description of the Treatment and Corparison Groups
The statistical descriptions of the treatment amgarison groups in this study
show that the two groups are comparable in ternethoficity, teacher, and cohort and

can thus be eliminated as third variable explanatmf a hypothetical treatment effect.

| examined correlations between TER scores andalevther variables. There
was a relationship between sex and the pretebedfER scale score — Inference. In
addition, the statistical analysis demonstrated BE&tes were significantly linked to
9th-and 10th-grade GPA and PSAT scores. Theretord] be necessary to compute a
series of additional models that include each efRBAT scores and GPA for 9th-and
10th-grade for all five of the TER subscales ad aghnother model that includes sex.
These additional models will include covariatedtsa | can determine whether there are

third variable explanations of any hypotheticaketf of treatment that emerge.

Analysis of Research Questions

Prior to examining the research questions it iessary to determine if
conclusion validity exists for this study. Conclusivalidity informs the researcher if the
suspected connections or assumptions among treblesiare significant. If they are
significant it means the assumptions are so sttioaigthey are not likely to occur by
chance coincidence, but rather due to some cang&aiong the variables being studied
(Trochim, 2006). All of the assumptions of the mafietial tests were examined and the
results of those are presented in Appendix D. dstoases the assumptions were met

and in those few cases where the assumptions weraet, the sample sizes were
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deemed large enough to render the tests robustldions of the assumptions. Thus

conclusion validity was strong for all tests.

Research Question 1

Is there a significant difference between the ghoweftcritical thinking skills, as
demonstrated by the Test of Everyday Reasoning) ERal Score, between students
who participated in a course designed to improvgaal thinking skills (the
International Baccalaureate —Diploma Programme Tityeaf Knowledge course) and

those who did not participate in the course?

TER Total Score pretest and posttest scores weillgzad to determine if there
was a difference between the growth of criticahkimg skills in the treatment group
when compared to the comparison group. A seriesanfels for analysis were used to
examine a set of possible ‘third variable explarai (sex, 9th-and 10th-grade GPAs,
and PSAT scores) of the significant effect linkedreatment. This analysis used
univariate analysis of covariance (ANCOVA) to detare whether obtained differences
of the mean gain of the TER — Total score arestieaily significant. An analysis of
covariance, or ANCOVA, statistically adjusts or atiges the initial differences between
groups when participants are not randomly assigméeatment groups (Weinberg &
Abramowitz, 2008). ANCOVA adjusts the dependentalae (estimate of the systematic
gain on TER) for differences on an independentadei (group: treatment and

comparison) to be controlled (Gay, Mills, & Airagj&009).
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The results for the models used to analyze tiser@search question are presented
in Table 19. The outcome studied was change ofEfe Total Score from pretest to
posttest. The question predictor in Model A1 wastiment. A question predictor is a
variable on the independent side of the equatiamhich the researcher has a strong
interest. In this case, the question predictor tnestment. The control predictors are the
variables on the independent side of the equatiavhich the researcher does not have a
strong interest. These variables are includederetfuation to control for correlated error
or other similar reasons. In this case sex, GPA,RBAT are control predictors (Trochim,
2006). A categorical variable was entered intonttoelel: it was coded O for students in
the comparison group and 1 for students in thertreat group. The analysis
demonstrated that students in the treatment grehibiged greater gains on TER Total
Score. As shown in Table 19, treatment was a soagmf predictor of change on the TER
Total Score from pretest to posttast=(-3.06,p < .005). A standard alpha criterion of .05
was used for this analysis. This dictates thatvamable with a probability levepf less

than .05 was deemed to have a significant effect.

The comparison group is the reference group imtb@efficient analysis. These
coefficients are interpreted as the amount of cekanghe dependent variable (Y) that is
associated with a change in one unit of the inddgenvariable (X). Alb coefficients
are unstandardized, which means that the slopebecarterpreted directly in terms of

the raw values of X and Y (Janda, 2001).

In this analysis, thb coefficient has a negative valente=(-3.06), signifying
that the comparison group demonstrated less imprexethan the treatment group from

pretest to posttest. The magnitude ofltte®efficient indicates the scope of the
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difference in growth between the treatment grouppte comparison group. More
specifically, the average gain on the Total Scordhe treatment group was 3.06 points

greater than the comparison group.

It is necessary to determine the strength of tfeetesize to evaluate whether or
not 3.06 points is a significant difference betwésntreatment group and the
comparison group. To determine the significancthefeffect’ you divide thdo
coefficient by the Standard Deviation (SD) of th#é $ample (treatment group combined
with the control group) which is 5.24 (Cohen, 1988)erefore, we divide 3.06 by 5.24
to find the effect size statistic. Thus, the effgee is 3.06/5.24 = .58. Cohen’s (1988)
guidelines for analysis of power have been embrasdtie standard gauge for effect
sizes. He established that effect sizes smaller thavere small; effect sizes between .2
and .8 were moderate in size; and statistics lalgar .8 were large effect sizes. Thus,

the effect size of .58 is considered moderateze.si

Despite the moderate effect size, | could not §mapnclude that the treatment
caused the greater gains on TER-Total Score asxtipest factstudy design did not
allow for random assignment to groups. Furtherysmswas required to understand the
growth patterns for the treatment group and thepayieon group in this study. Possible
alternative explanations had to be explored teebettderstand the superior performance
in TER Total Score of students in the treatmentigréossible third variable
explanations were tested in an attempt to explargteater success of the treatment
group. A series of models utilizing variable ex@aans’ (sex, 9th-and 10th-grade GPAs,

and PSAT scores) that were uncovered in the pretingianalyses previously conducted.
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Table 19

Regression Coefficients for Predictors of TER T8@dres

Predictors Model A Model B Model C Model D Model E Model F
TER Total TER Total TER Total TER Total THRtal TER Total

Total Pre .86*** 87 1.04*** .89*** H2¥r* H2*r*

Sex -.21

GPA (9th) 17

GPA (10" -.65

PSAT_CRT 22%* 22%%

PSAT_MT .04 .04

PSAT _WRT .10 .10

Treatment -3.06** -3.04** -3.03+ -3.51 -1.24 -1.24

®The difference between Model E and Model F is Matlel E uses type 3 sums of squares which assugues eell sizes; Model F
uses type 1 sums of squares does not assume etjiszes.
+p < .10. *p < .05. **p < .005. ***p < .0005.
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Model B (Table 19) incorporated the control preglictex ( = 150). | considered
this model because a preliminary examination ofgsteTER scale scores (see Table 14
and 15) showed males had an advantage on theydbitiraw Inferences. Model B takes
sex into account while analyzing the change froetgst scores on the TER to the
posttest scores on the TER. The variable “sex” medsa significant predictor of growth
of any of the TER scales; therefore, we can corcthdt males and females grew at
equal rates on the TER. After controlling for ttifeets of sex, the effect of treatment
persisted as a significant predictor of growth &RTTotal Scorel{ = -3.04) Thus, we
can conclude that the effect of treatment obsemnvédodel A was not a spurious effect

of sex differences in ability.

Model C (Table 19) depicted growth from pretespdsttest on TER Total Score
while taking 9th-grade GPA into account= 42). This analysis was completed because
9th-grade GPA was found to be a predictor of tesfiopmance on a series of preliminary
correlations (Table 16). An argument could be nthdéthe superior growth experienced
by the treatment group was due to the fact thghber, more academically gifted

students enrolled in the IB-DP and was not dudedreatment (TOK course) at all.

Model C (Table 19) demonstrates that the effettezitment decreased to a trend
level of significancelf = -3.03,p <.10). This suggests that the ability differenicesveen
the treatment group and the comparison group, asuned by 9th-grade GPA, may
explain the effect of treatment observed in ModeHaAwever, it should be noted that the
number of observations included in Model C wastiedty low (n = 42) as 9th-grade
GPA was unavailable for many participants. Alsds thariable studied in isolation is of

minor importance as a covariate because studerttsipated in this study at least
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sixteen months after 9th-grade GPA was calculatesever, the hypothesis that ability
differences explain the effect of treatment is fiaiced by the results for Model D (Table

19).

Model D depicts growth on TER Total Score for tnre@nt group students versus
comparison group students while accounting forcthr@rol predictor 10th-grade GPA.
The sample size was 130 for this test. Althoughetlneere missing data on 20 cases for
10th-grade GPA, this analysis was more useful tharanalysis with 9th-grade GPA as a
covariate for two reasons: (a) the sample sizelarger for Model D and (b) the data
from Model D was collected just three months ptmthe students entering the DP or

treatment.

The central finding from Model D was that the sfigant effect of treatment
growth in TER Total Score that was evident for Mo8ledisappeared once the covariate
10th-grade GPA was considered. Two possible exptarafor this finding are: (a) The
effect of treatment observed in Model A was a sugieffect attributable to the self-
selection of students into the treatment group. fabethat more academically capable
students selected to enter the treatment groupatayunt for the greater growth
experienced by this group. Once those ability défiiees were controlled by entering
10th-grade GPA into the model, the differentialwgtio patterns for the treatment group
and the comparison group disappeared. Or (b) psrtmgpsmaller size of the D sampte (
=150 for Model A versus 130 for Model D) and tlmmcomitant reduction in power

explains the non-significant effect of treatmenAimalysis in Model D.

88



When | examined Models E and F, | found supporefglanation (a): that the
effect of treatment is a spurious effect due tditgdifferences between the students in
the treatment group versus the control group (TaB)eModel E portrays growth from
the pretest to the posttest on the TER Total Setiwke accounting for the predictor
variable of scores on the PSAT. It demonstratesRBAT Critical Reading is a
significant predictor of performance on TER Totab& p = .22,p < .005). PSAT Math
and Writing scores were not significant predictoirperformance on TER Total Score.
However, when Model A is contrasted with Model E #significant effect of treatment
on growth of TER Total Score disappears once PS#fes are accounted for. Thus, the
alternative (competing) hypothesis that the treatmaas not the cause of the superior
growth of the students in the treatment group isigg legitimacy. The data support the
hypothesis that the significantly larger growthnfrpretest to posttest TER Total Scores
among the treatment group of students was dueettattt that more academically gifted

students self-selected into the IB-DP.

Another model was constructed to account for ifferdnces in size between the
treatment groupn(= 60) and the comparison group< 94). Model F includes the PSAT
scores just as Model E did, but it also takes atwount the different cell sizes. The only
change from Model E to Model F is the change frotypa 3 sum of squares to a type 1
sum of squares algorithm. A type 3 sum of squanesyais assumes that the cell sizes are
the same. A type 1 sum of squares analysis adjustise differences in cell sizes. The

results from Model F were identical to Model E.

In conclusion, the analyses of growth from thegseto the posttest TER Total

Score demonstrates that the mean ability differebedween students in the two groups
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explain the significant effect of treatment obserueModel A. Unfortunately, these
analyses do not support the hypothesis that the ¢@kse leads to increased

achievement in critical thinking as measured by TERal Scores.

Analysis Comparing Effect of Treatment to PSAT-CR $ore

On average, students in the treatment group gar&dpoints on the TER Total
Score from pretest to posttest. In comparisonsthdents in the comparison group
gained an average of .79 points from pretest ttigsts Thus the mean gain for the IB-
DP students, or treatment group, is approximateytifhes greater than the mean gain
for the non-1B-DP students, or comparison groups Than impressive difference;
however, theex-post factstudy design requires further analysis of posgtutel variable
explanations prior to reaching the conclusion treitment caused the greater gains on

the TER-Total Score.

In order to contrast the effect of treatment toRISAT-CR skills effect, | ran
another analysis in which | bisected the sample twb groups. Group 1 consisted of
students that scored in the top 50% on the PSATeSR Group 2 consisted of students
that scored in the bottom 50% on the PSAT-CR &sidents in Group 1 gained, on
average, 3.14 points on the TER from pretest tttgsts Those in Group 2 gained, on
average, .70 points on the TER. Thus, the studembsscored in the top 50% on PSAT-
CR gained, on average, 4.5 times more than thosesadred in the bottom 50% on the

PSAT-CR.

This rudimentary analysis concludes that the athganof scoring high on the

PSAT-CR (TER average gain scores that are 4.5 timgter) is greater than the
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advantage of being in the treatment group (TER gedmes that are only 4.3 times
higher). This analysis demonstrates in a more sstnpinethod what the more refined

ANCOVA analysis determined.

Research Question la

Is there a significant difference between the ghowfttargeted cognitive skills, as
demonstrated in TER — Scale Scores (analysis daatpietation; evaluation and
explanation; and inference), in students who pgéted in the IB-DP Theory of

Knowledge course and those who did not particijpatbe course?

TER — Cognitive Scale scores (Analysis and Intégpi@n, Evaluation and
Explanation, and Inference) from pretest and psstere analyzed to determine if there
was a difference between the growth of criticahkimg skills in the treatment group
when compared to the comparison group. A seriesaafels (sex, 9th-and 10th-grade
GPAs, and PSAT scores) were analyzed with diffecemairiates entered into the
analyses to determine if they were legitimate thadables acting as predictors of
growth of specific cognitive skills. This analysmwolved a multivariate analysis of
covariance (MANCOVA) to determine whether obtaiifterences of the mean gain of
cognitive scale scores exhibit significant diffezes between the treatment group and the

comparison group.

The first baseline is represented in Model Al ibl@20 (=150). The TER
pretest scale scores on Analysis, Inference, aatbBtion are the first three predictors or

covariates in this model. These variables wereredtato the model to control for
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performance in these areas prior to the beginnirigeatment. This allowed for the
measurement of growth that occurred on each cogrskill from pretest to posttest. It
should be noted that the pretest scores on ealtlasksignificant predictors of the
posttest scores in the majority of the models; h@wgethis is to be expected, as reason
would dictate that performance on these cognitkissn 11th-grade would be

correlated with performance in 12th-grade.

The question predictor in Model A1 was treatm@é&hte analysis demonstrated
that students in the treatment group exhibitedtgregains on Analysis and Inference
scores relative to students in the comparison gtoup-.71, p < .05 and =-1.16, p

<.005, respectively). A standard alpha criteribr08 was used for this analysis.

The comparison group is the reference group imbtb@efficient analysis. In this
analysis, thé coefficient have a negative valente=-.71 and = -1.16), signifying that
the comparison group demonstrated less improvethantthe treatment group from
pretest to posttest. More specifically, the avergaea on the Analysis scores for the
treatment group was .71 points greater than thgpaoson group. Likewise, the average
differential growth for the treatment group in Irdace scores was 1.16 points greater
than the comparison group. Theoefficient associated with the effect of treatmamt
Evaluation gain score$ € -.50, p = n.s) was non-significant. The interatiein of a non-
significantb coefficient is that there were no significant drgnces in the skill growth in

Evaluation, on average, between the treatment grodghe comparison group.

To determine the significance of the effect oatneent theb coefficient is

divided by the Standard Deviation (SD) of the &dimple (treatment group combined
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with the control group). Therefore, to determine éffect size of the Analysis average
gain score we divide thecoefficient of .71 by the SD of 1.66. Thus, thealysis effect
size is .71/1.66 = .42. According to Cohen’s glinas this effect size would be
considered moderate. The effect size of the Infere@verage gain score ¢oefficient =
1.16) is calculated by dividing 1.16 by 2.59. Thilng effect size of .44 is considered

moderate according to Cohen’s guidelines.

| cannot simply conclude that the treatment cadlsedjreater gains on Inference.
Alternative explanations will need to be exploredetter understand the superior
performance in Inference of students in the treatrgeoup. Possible third variable
explanations must be tested in an attempt to exphe& greater success of the treatment
group. A series of models utilizing ANCOVA for agsis were used to examine a set of
predetermined hypothetical ‘third variable explamas’ (sex, 9th-and 10th-grade GPAs,

and PSAT scores) of the treatment effect uncoverddbdel Al.
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Table 20

Regression Coefficients for Predictors of TER Stéoe Analysis, Inference, and Evaluation

Predictors Model A1 Model B1 Model C1 Model D1 MabdE 1 Model Fi
Analysis Analysis Analysis Analysis Analysis Ayss
Post Post Post Post Post Post

Analysis re) I Rl A 3rE* .56* .38** .28* .28*

Inference (re) 23F* 21** .30 23** .18* .18*

Evaluation gre) .19* 19** A2 22* .08 .08

Sex -.23

GPA (9th) =77

GPA (1d" .30

PSAT CR .08** .08**

PSAT Math -.02 -.02

PSAT Writing .03 .03

Treatment - 71* -.74* -1.13 -.57 -.24 -.24
Inference Inference Inference Inference Infeeenc Inference
Post Post Post Post Post Post

Analysis re) S4rx* H53r** .68* 52** .39* .39*

Inference (re) N Rl A 2rH* S51** .38*** 31** 31

Evaluation gre) 31** 31** .18 .38*** .20* .20*

Sex .074

GPA (9" -.13

GPA (10" 26

PSAT CR .04 .04

PSAT Math .03 .03

PSAT Writing .06 .06

Treatment -1.16** -1.16* -1.45+ -1.25* -.50 -.50
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Table 20 (continued)

Predictors Model A1 Model B1 Model C1 Model D1 MabdE 1 Model Fi
Evaluation Evaluation Evaluation Evaluation Ension Evaluation
Post Post Post Post Post Post

Analysis re) .30* 31 .23 27* 16 16

Inference (re) A2 A1 21 A5 .01 .01

Evaluation gre) H53*x* H53x** A5** 56*** 39*** 39***

Sex -.14

GPA (9" .70

GPA (10" -.20

PSAT CR .08* .08*

PSAT Math .00 .00

PSAT Writing .03 .03

Treatment -.50 -.52 -.57 -.56 -.05 -.05

*The difference between Model E1 and Model F1 is khadel E1 uses type 3 sums of squares which assemeal cell sizes; Model

F1 uses type 1 sums of squares does not assumecelljs&es.

+p < .10. *p < .05, **p < .005. ***p < .0005
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Model B1 (Table 20) incorporated the covariate @ex 150). This model was
required as a preliminary examination of pretesR'Heale scores (see Table 14 and 15)
presented males had an advantage on the abililsato Inferences. Model B1 takes sex
into account while analyzing the change from prtetesres on the TER to the posttest
scores on the TER. The variable “sex” was not aisggnt predictor of growth of any of
the TER scales; therefore, we can conclude thagsraaid females perform equally on
the TER. After controlling for the effects of sele effect of treatment was a significant
predictor of growth on the Analysis and Inferencales b =-.74,p <.05 ando=-1.16,p
<.05). Treatment was not a significant predictocltange on the cognitive skill of
Evaluation on the TERo(= -.52,p = n.s.). Thus, we can conclude that the effect of

treatment observed in Model A1l was not a spuridieseof sex differences in ability.

Model C1 (Table 20) depicted growth from pretesposttest on Analysis,
Inference, and Evaluation while taking 9th-gradeAGito accountif = 42). This
analysis was completed because 9th-grade GPA wasl o be a predictor of test
performance on a series of preliminary correlatirable 16). Model C1 demonstrates
that the effect of treatment was not significatittked to growth on the TER scale scores
of Analysis or Evaluation after controlling for 9¢nade GPA. However, the effect of
treatment was linked to growth at the trend lewvelthe outcome variable: Inferende<
-1.45, p < .08). Therefore, a trend exists for etud in the treatment group to experience
greater growth on the cognitive skill of Inferenegen when the effect of 9th-grade GPA

is controlled.

It should be noted that 9th-grade GPA was insigguift in each case, indicating

no relationship between 9th-grade GPA and the ahahglents experience in the TER
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cognitive skill scale scores. This non-significaffect may have been a result of the fact
that the number of observations included in modeiv@s relatively lowr{ = 42) as 9th-
grade GPA was unavailable for many participantss likely that the non-significant
findings for most of the variables in the model &vdue to type 2 errors and the
concomitant low power. Also, this variable is lesevant as a covariate as students

participated in this study at least sixteen moafitesr 9th-grade GPA was calculated.

Model D1 depicts growth on Analysis, Inferenceq &valuation for treatment
group students versus comparison group students attounting for 10th-grade GPA.

The sample size was 130 for this test due to ngsdata on 20 cases for 10th-grade GPA.

The central finding from the Model D1 analysighat the significant effect of
treatment growth in Analysis that was evident favddl A1, disappeared once the
covariate 10th-grade GPA was considered. In cantwagrowth in Analysis, the
treatment effect persisted with regard to growtthaability to make Inferenceb & -
1.25,p < .02) for Model D1. This result appears to beimea conflict with the earlier
examination of Analysis. One important piece ofdatnotice is the effect size is larger
for Inference than for Analysis. Thus, the dataamesistent with the hypothesis that the
disappearance of the significant effect for AnayaiModel D1 was a result of the
reduction of power. This, however, does not ruletbea possibility that the alleged
treatment effect is really due to the academidtgldifferences between the students in
the treatment group and in the comparison groupilllbe necessary to gather further

evidence to sufficiently defend this hypothesis.
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Treatment was not a significant predictor for gitowm the cognitive skill of
Evaluation b = -.56,p = n.s.) in Model D1. This analysis continues wiie same

conclusion set in Models Al through C1.

Model E1 portrays growth from the pretest to tbetfest on the TER cognitive
skill scale scores while accounting for the cowvaraf scores on the PSAT. It
demonstrates that PSAT Critical Reading is a sicgmtt predictor of performance on the
Analysis and Evaluation posttests<.08,p < .005 and = .08,p < .05, respectively).
PSAT Math and Writing scores were not significargdictors of performance on any of
the TER cognitive skills posttest scores. Howewdren Model Al is contrasted with
Model E1 the significant effect of treatment onwtio Analysis and Inference cognitive

skills disappears once PSAT scores are accounted fo

Another model was constructed to account for ifferédnces in size between the
treatment groupn(= 60) and the comparison group< 94). Model F1 was the same as
Model E1 except that the analysis uses type 1 sireguares instead of the default
method of type 3 sums of squares. Type 1 sumsuzreq is valuable because it corrects
for any differences that may exist due to differsudpsample size. The results from

Model F1 were not significantly different from Mddel.

Research Question 1b

b. Is there a significant difference between the gloefttargeted reasoning
skills, as demonstrated in TER — Deductive and dhde Reasoning Scale

Scores, between students who participated in tHeRBrheory of Knowledge
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course and those who did not participate in thersefl

TER — Reasoning Scale scores (Deductive and Ind)dtiom pretest and
posttest were analyzed to determine if there wdiference between the growth of
critical thinking skills in the treatment group wheompared to the comparison group. A
series of models (sex, 9th-and 10th-grade GPAsSP&#IT scores) were analyzed with
different covariates entered into the analyseseterdhine if they were legitimate third
variables acting as predictors of growth of speaiiasoning skills. This analysis
involved a multivariate analysis of covariance (MB®VA) to determine whether
obtained differences of the mean gain of cogniz@e scores exhibit significant

differences between the treatment group and thegpaason group.

Table 21 presents a series of analyses on modafsieixg the effect of treatment
and various covariates on the gains on the postieRt— Deductive and Inductive
Reasoning scale scores for the treatment groupbdgeline model A2n(= 150) tests the
covariates (predictor variables) Inductive and Oeive Reasoning. The pretest scores on
each of these reasoning skills are significantiptets of the posttest scores in all of the
subsequent models. Once again this is to be expexdat is logical that performance on
these skills at the beginning of 11th-grade wowddbrrelated with performance in 12th-

grade.

Treatment (enrollment in TOK course) was the qoespiredictor entered in
Model A2. | created a categorical variable codédrGtudents in the comparison group
and 1 for students in the treatment group. The @at@aled students in the treatment

group demonstrated greater gains on Deductiverahettive Reasoning scores relative
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to the comparison group € -1.91,p < .005 and = -1.33,p < .005, respectively). The
standard alpha criterion of .05 was used for trasleh Any variable with a probability
level (p) less than .05 was deemed to have a significéattefTheb coefficient indicated
the treatment group scored 1.91 points greaterttinomparison group for Deductive
Reasoning on average. Theoefficient for Inductive Reasoning indicated ttre

treatment group scored 1.33 points higher tharconeparison group on average.

To determine the significance of the effect of tineent theb coefficient is
divided by the Standard Deviation (SD) of the gdmple (treatment group combined
with the control group). Therefore, to determine éffect size of the Deductive average
gain score we divide thecoefficient of 1.91 by the SD of 3.32. Thus thedDetive
effect size is 1.91/3.32 = .57. According to Colseguiidelines this effect size would be
considered moderate. The effect size of the Indecverage gain scork ¢oefficient =
1.33) is calculated by dividing 1.33 by 2.77. Thius effect size of .48 is considered

moderate according to Cohen’s guidelines.

The use of historical data for this study onlpwaiéd for a causal-comparative
design for this study. Such a design does not altowhe random assignment to groups.
Therefore, we cannot simply conclude that the ineat caused the greater gains on
Deductive and Inductive Reasoning. The growth padgtéor the treatment and
comparison group will need to be further analyzeddequately understand the greater
performance of the treatment group in reasoninidsskiorrelational tests revealed a set
of hypothetical ‘third variable explanations’ (s&th-and 10th-grade GPAs, and PSAT

scores) that would need to be further analyzeditureate them as spurious causes for
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the superior performance of the treatment grouperes of models, utilizing ANCOVA

for analysis, were used to examine the treatmdattefincovered in Model A2.

101



Table 21

Regression Coefficients for Predictors of TER Stéwe Deductive and Inductive Reasoning

Predictors Model A2 Model B2 Model C2 Model D2 Mo &R Model F2
Deduction Deduction Deduction Deduction DeductionDeduction
Post Post Post Post Post Post

Deductionfre) .59*** 58** .69** S5Qx** 37** 37**

Inductiongre) .31* 31 .48 33* .09 .09

Sex -.40

GPA (9" -.22

GPA (10" -.40

PSAT CR 3% A3

PSAT Math .05 .05

PSAT Writing .06 .06

Treatment -1.91** -1.95** 1B - 21%* -.70 76.
Induction Induction Induction Induction Induction Induction
Post Post Post Post Post Post

Deduction fyre) .29*** .30*** .39* .30*** .18* .18*

Induction gre) .48*** ABFr* 49* S50*** 31** 31**

Sex .53

GPA (9" 43

GPA (10" -.21

PSAT CR 10** 10**

PSAT Math .00 .00

PSAT Writing .04 .04

Treatment -1.33** -1.27** -D2 -.53** -.68 -.68

*The difference between Model E2 and Model F2 is khadel E2 applied type 3 sums of squares, whisias equal cell sizes, and

ModelF2 applied type 1 sums of squares, which doésassume equal cell sizes.
+p < .10. *p < .05. *p < .005. ***p < .0005
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Model B2 examined the covariate sex5150). This model accounted for sex while
analyzing the change on the TER — Deductive anddtive Reasoning scale scores from pretest
to posttest. After controlling for the effects @is the effect of treatment was a significant
predictor of growth on the Deductive and Inductealesly = -1.95,p <.005 and = -1.27,p
<.005). The third variable sex was not a signiftgaredictor of change on any TER scale scores.
Subsequently, we can conclude that males and ferdalmonstrate similar development changes.
The most important conclusion from these resultias the effect of the treatment observed in

model A2 was not attributable to ability differesda sex.

Model C2 depicts growth in TER — Reasoning skillsle accounting for 9th-grade
GPA. Grade 9 GPA was found to be a predictor (Tab)eon a series of preliminary correlation
analyses forcing a closer examination of its inflce2on the treatment. In Model C2 the effect of
treatment on Deductive and Inductive Reasoningmudified when 9th-grade GPA was taken
into account. It should be noted, however, thatggide GPA was insignificant when examined
as a predictor of performance on these skills. fabethat Model C2 had a relatively low number
of participantsrf = 42) may have been the cause of this findinges€How numbers would
likely cause type 2 errors and concomitant low powendering grade 9 GPA an unreliable

predictor variable.

Model D2 examines the effect of treatment on tleewgn of the TER — Deductive and
Inductive Reasoning posttest while taking 10th-gr&PA into account. After controlling for the
effects of 10th-grade GPA, the effect of treatmeas a significant predictor of growth on the
Deductive and Inductive scalds% -.21,p < .005 and = -53,p < .005). This indicates that
students in the treatment group would score, onageg .21 and .53 points greater in Deductive

and Inductive Reasoning respectively than theirpeethe comparison group. The third
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variable 10th-grade GPA was not a significant prediof change on any TER scale scores.
Subsequently, we can conclude that regardless éfiGBrade 10, treatment group students will
demonstrate greater development change than thake comparison group on the TER —
Reasoning skills. The most important conclusiomftbese results is that the effect of the
treatment observed in model A2 was not attributédkbility differences as measured by10th-

grade GPA.

Model E2 accounted for PSAT scores while examinivegstudents’ growth on the TER
— Reasoning skills from pretests to posttests. PEAfical Reading scores proved to be a
significant predictor on both Inductive and DeduetReasoning skills posttests< .13,p
<.005 andb = .10,p < .005, respectively); however, PSAT Math and Ngitscores were not
significant predictors of performance on Reasoskiis posttest scores. Most importantly,
when Model A2 is contrasted with Model E2 the effeictreatment on growth on the TER —
Reasoning skills from pretests to posttests disagp#hen PSAT scores are accounted for. This
finding dictates further examination of the altedivia (competing) hypothesis that the treatment
did not cause the superior growth demonstratethégtudents in the treatment group. It is
highly possible that the greater growth exhibitgdhe treatment group was due to the fact that

students with a superior ability in Reasoning sksklf-selected to enter the IB-DP (treatment).

Model F2 was constructed to account for the diffees in size between the treatment
group 0 = 60) and the comparison group< 94). Model F2 includes the PSAT scores just as
Model E2 did, but it also takes into account théedent group sizes. The only change from
Model E2 to Model F2 is the change from a type 18 sfi squares to a type 1 sum of squares
algorithm. A type 1 sum of squares analysis adjisstthe differences in the number of students

in each group, while a type 3 sum of squares aisafgsumes that the groups were the same size.
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The results from Model F2 were found to be sinmtitathe results from Model E2. These results
once again support an alternative hypothesis ttagxphe superior growth in Deductive and
Inductive Reasoning skills. The evidence is coesisivith the alternative hypothesis that

students with superior critical thinking skills ssklected for entrance into the IB-DP (treatment).
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Chapter 5
Conclusions and Recommendations
Introduction

Educational leaders agree that critical thinkikijssare needed to survive in the complex,
digital and global economy of the 2tentury (Jacobs, 2010). Thus, it is necessaripntbviays
to effectively develop these skills in today’s stats. However, little consensus exists on how to
best teach these important skills (Ben-Chaim, RoBAoller, 2000; Grauerholz & Bouma-
Holtrop, 2003). The purpose of this study was taleate the impact of a single course on
critical thinking skills as measured by the TEReTgoal was to provide a quantitative analysis
to determine if any statistically significant difeaces exist in the development of critical
thinking skills as related to the TOK class offetegtudents who were enrolled in the 1B-DP at

the American International School Kuwait from tladl bf 2008 to the spring of 2011.

Each research question will be addressed in fl@eximg summary and discussion of
findings section within this chapter. Additionalthjs chapter will present limitations of the
study, implications of the study, conclusions @& #tudy, recommendations for further study,

and the researcher’s conclusions.

Summary and Discussion of Findings

| began this study by gathering data from reseaotlected by AISK as part of its on-
going assessment and evaluation process. The keiyeol study collected data from two

separate cohorts: Cohort 1 graduated from AISKOib®2and Cohort 2 graduated in 2011. These
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students could choose whether or not to take thiplBoma sequence of courses. As part of the
assessment of critical thinking at AISK, the studen 11th-and 12th-grade were required to
complete the TER. The class of 2010 was the flestscfor which both a pretest and posttest

were available.

Data on the student graduation year, sex, ethni@tDP status, GPA, PSAT scores, and
TER pretest and posttest scores were collected brstlidents: 67 students who graduated in
2010 (Cohort 1) and 104 students who graduate@1d 2Cohort 2). Cohort 1 had 24 students in
the treatment group of IB-DP students and 43 stisdarthe comparison group of non-1B-DP
students. Cohort 2 was comprised of 38 studerttseitreatment group of IB-DP students and 66

students in the comparison group of non-I1B-DP gsttgle

Discussion of Descriptive Statistics

Sex, ethnicity, cohort, teacher, previous acadexhility (GPA, PSAT), and prior critical
thinking ability (pretest TER scores) were comparetiveen treatment and comparison groups.
The population was made up of 97 males (56.7%)7dnf@males (43.3%). The smaller number
of females in the population could be attributea taumber of all-girls schools that are present
in Kuwait. Kuwait is a conservative Islamic-Statelanany of the parents are hesitant to have
females educated in a co-educational instituticay(Rersonal communication October 3, 2012).

The proportion of males in the comparison group &ight percent higher than in the treatment
group.

The total population was made up of 93 (54.4%) KitistaA noticeably smaller
percentage of Kuwaiti students (17.2%) chose terghe IB-DP in comparison to the other
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nationalities (on average 61.5%). Perhaps the refasdhe relatively low percentage of Kuwaiti
students in the IB-DP is because Kuwaiti studeatddrto maintain a high GPA in order to be
eligible for the lucrative government scholarshipst are readily available. GPA is a significant
variable when determining eligibility and the diffity of the program is not taken into account;
therefore, the perception exists that attemptingéet all of the IB-DP Higher Level course
requirements is unnecessary and may in fact limitident’'s chances of achieving a high GPA
and consequently limit their chances of being aedra scholarship. An additional analysis
showed that ethnicity was not correlated to treatmEherefore, ethnicity could be eliminated as

a third variable explanation of the treatment dffec

The treatment group exhibited higher previous acaclability as measured by GPAs
and PSAT scores. The GPAs for the treatment graane wioderately higher, on average, than
the comparison group in 9th-and 10th-grade. Onaaerthe treatment group scored moderately
higher in PSAT Critical Reading, Math, Writing, aindtal score than the comparison group. The
treatment group demonstrated higher prior critibadking ability in the pretest TER. On
average, the treatment group outscored the congpagi®up on the TER Total score (+4.16)
and all five of the scale scores: Analysis (+1.03fgrence (+1.53), Evaluation (+1.41),

Deductive Reasoning (+2.28), and Inductive Reagp(#i.77).

The statistical analysis demonstrated TER scores significantly linked to 9th-and
10th-grade GPA and PSAT scores. Therefore, a sefr@dditional models were developed that
included each of the PSAT scores and GPA for 9thdfith-grade for all five of the TER scale
scores as well as another model that includeddeese covariates were used to determine
whether they could be considered as third variekf@anations of the effects that were linked to

treatment.
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The treatment group exhibited higher critical thitgkability than the comparison group
on average in the posttest TER (Total score = +AR@lysis = +1.82; Inference = +2.91;
Evaluation = +1.94; Deductive Reasoning = +3.82 ldluctive Reasoning = +2.92). This is
logical as the treatment group demonstrated higher critical thinking ability in the pretest

TER.

A statistical analysis demonstrated that the treatrand comparison groups were
comparable when accounting for cohort and thus iaowld be eliminated as a third variable
explanation. An analysis of treatment teacher disnonstrated that the three treatment groups
were comparable and teacher was not a feasibtbvhiable explanation of the effect linked to

treatment.

Discussion of Research Questions

This non-experimental, causal-comparative resesitaty was designed usieg post
factodata to determine whether there was a signifiddfgrence in the development of critical
thinking skills between students who were enroifed course designed specifically to teach
critical thinking skills and students not exposedhis course. | will present a summary of this

study organized in the order of the research questi

Research Question 1

Is there a significant difference between the ghoweftcritical thinking skills, as

demonstrated by Test of Everyday Reasoning (THRjat Score, between students who
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participated in a course designed to improve catithinking skills (the International
Baccalaureate — Diploma Programme Theory of Knog#edourse) and those who did not

participate in the course?

TER Total Score pretest and posttest scores wellgzed to determine if there was a
significant difference between the growth of catithinking skills in the treatment group when
compared to the comparison group. The outcomeesiuslas change on TER Total Score from
pretest to posttest. The analysis demonstratedgthdénts in the treatment group exhibited
greater gains on TER Total Score. In this analyses average gain on the Total Score for the
treatment group was moderately greater than thgadson group using Cohen’s (1998)

guidelines to determine the strength of the eféexs.

The study design requires further analysis of iptesshird variable explanations prior to
reaching the conclusion that treatment causedresge@y gains on the TER-Total Score. A series
of models were examined to determine if previoudéntified covariates (sex, 9th-and 10th-
grade GPA, and PSAT scores) could explain the €lifded to treatment. An analysis of 9th-
grade GPA revealed that academic ability was aigadof success on the TER. This variable
studied in isolation is of minor importance as sarte because of the relatively low number of
available participanta(= 42) and the fact that this GPA was calculatednb®ths prior to the

students participating in the study.

Further analysis revealed that the significantatféd treatment disappeared when mean
ability differences (10th-grade GPAs and PSAT sgpweere added as covariates. Unfortunately,
these analyses do not support the hypothesishdteéatment (TOK course) leads to increased

achievement in critical thinking as measured byngeson TER Total Scores. In fact, the data
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suggest that Treatment is a spurious effect dpeido academic ability differences between the

students in the treatment group versus the congragsoup.

The results for research question 1 were the nrigtat to this study because the
designers of the TER have indicated that Total &the most reliable measure of critical
thinking ability (Facione, et. al., 2012). Furtlzeralyses of the cognitive and reasoning scale
scores (Analysis, Inference, Evaluation, Inductidaduction) increases our understanding of
critical thinking development but are not as rdiads measures of critical thinking when studied

in isolation.

Research Question 1la

Is there a significant difference between the ghowfttargeted cognitive skills, as
demonstrated in TER — Scale Scores (analysis datpietation; evaluation and explanation;
and inference), in students who participated inlB«P Theory of Knowledge course and those

who did not participate in the course?

The analysis demonstrated that students in theviezd group exhibited greater gains on
Analysis and Inference scores relative to studientise comparison group. The effect size of the
Analysis average gain score is considered modacaterding to Cohen’s (1988) guidelines. The
effect size of the Inference average gain is atssicered moderate according to Cohen’s

guidelines.

Theb coefficient associated with the effect of treatmamiEvaluation gain scores was

non-significant. The interpretation of a non-sigrahtb coefficient is that there were no
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significant differences in the skill growth in Euakion, on average, between the treatment group

and the comparison group.

A series of models utilizing MANCOVA for analysigere used to examine a set of
possible ‘third variable explanations’ (sex, 9ttddi®dth-grade GPAs, and PSAT scores) of the
significant effect linked to treatment. This anady®vealed that 9th-and 10th-grade GPAs and
PSAT Critical Reading scores are predictors of ghown TER scale scores of Analysis and
Evaluation. PSAT Math and Writing scores were mgnificant predictors of growth on any of

the TER cognitive skills posttest scores.

The significant effect of treatment linked to th®lidy to make Inferences remained when
examining the effect of 9th-and10th-grade GPA. Havewhen examining the effect of
treatment while accounting for PSAT scores, thaiant effect of treatment on cognitive skill

growth in Analysis and Inference disappeared.

Prior academic ability is a plausible explanationthe significant advantage that the
treatment group exhibited in growth of criticalrtking skills. The analysis of PSAT scores
indicated that performance on the PSAT was a goedigtor of growth on the TER cognitive

skills, particularly Analysis and Inference.

Research Question 1b

Is there a significant difference between the ghowfttargeted reasoning skills, as
demonstrated in TER — Deductive and Inductive Reagdcale Scores, between students who

participated in the IB-DP Theory of Knowledge cauand those who did not participate in the
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course?

Treatment was the question predictor; the dataatedestudents receiving treatment
demonstrated greater gains on Deductive and InduBteasoning scores relative to the
comparison group. The effect size of average gaonesfor both Deductive and Inductive

Reasoning, according to Cohen’s guidelines, woelddnsidered moderate.

The use of historical data only allowed for a ee®mparative design for this study.
Such a design does not allow for the random assghito groups. Therefore, we cannot simply
conclude that treatment caused the greater gaileductive and Inductive Reasoning. A series
of MANCOVA models (including sex, 9th-and 10th-gea@PAs, and PSAT scores), was used to

test the hypothesis that the effect of treatmers syaurious.

Upon further study the effect of treatment on Dénhecand Inductive Reasoning was
nullified when 9th-grade GPA was taken into accolirghould be noted, however, that 9th-
grade GPA was insignificant when examined as aigi@df growth on these skills. The fact
that this model had a relatively low number of ggpants ( = 42) may have been the reason for
this finding. These low numbers would likely catygee 2 errors and concomitant low power,

rendering grade 9 GPA an unreliable predictor \éeia

After controlling for the effects of 10th-grade GPtAe effect of treatment remained a
significant predictor of growth on the Deductiveddnductive scales. Students in the treatment
group scored higher in Deductive and Inductive Reag respectively than their peers in the
comparison group when accounting for 10th-grade GRAddition, 10th-grade GPA was not a
significant predictor of change on any TER scatees. Subsequently, we can conclude that

regardless of GPA in grade 10, treatment groupestisdwill demonstrate greater growth than
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those in the comparison group on the TER — Reagakitis.

PSAT Critical Reading scores proved to be a sigaift predictor on both Inductive and
Deductive Reasoning skills posttests. PSAT Math\ainiding scores were not significant
predictors of growth on Reasoning skills. Most imtpotly, when both treatment and PSAT
scores were included in the model the effect afttreent on growth on the TER — Reasoning
skills disappeared. This further supports the figdrom Research Question 1 that treatment
may not be the cause for the superior growth detratesl by the students in the treatment group.
It is highly possible that the greater growth exteidh by the treatment group was due to the fact

that students with superior ability self-selecte@mnter the IB-DP (treatment).

Further Analysis of Performance on PSAT-Critical Reading and TER Gain Scores

Although the examination of PSAT-CR and its cottielato the development of critical
thinking skills was not a part of this study theuks of the analyses of the research questions
warranted further, albeit rudimentary, analysi®(@ependix F). This analysis grouped students
according to high and low scorers on the PSAT-QRtHher study revealed little difference
between students in the IB-DP (treatment) and tetas#ents not enrolled in the IB-DP
(comparison) when comparing the average gain goome pretest to posttest on the TER-Total
Score for students that were high scorers on t#eTRER. Therefore, if a student was a high
scorer on the PSAT-CR it did not matter whethetudent was enrolled in the IB-DP or not, he

or she demonstrated impressive gains on TER-Tat@eSrom pretest to posttest.

Interestingly, significant differences existed beén the comparison and treatment

groups when comparing average gain scores of thedorers on the PSAT-CR. Students that
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werenot enrolled in the IB-DP showed unimpressive gainshenTER-Total Score from pretest

to posttest. However, students in the IB-DP (tremtthdemonstrated impressive gains on the
TER-Total Score from pretest to posttest. In fdug group had the highest average gain score of
all four groups. The difficulty is that this grotjas a small sample size£ 15) and the effect

was not significant due to low power.

These findings appear to indicate that the IB-D®tha greatest effect on developing
critical thinking skills in students that have poéviously demonstrated high academic
achievement as measured by the PSAT-CR. When aigjdhe development of critical
thinking skills this group of students appearseaédfit the most from the IB-DP. These students
are not traditionally considered to be the bestictates for the IB-DP; however, these findings

may challenge previously held beliefs about po&B-DP students.

Limitations of Study

This study is limited by several factors. Thesdude issues related to the sample
available, course of study for both the treatmeskt @@mparison group, and challenges

associated with equating the groups.

One limitation of this study is that the researelign did not allow for random
assignment of groups; therefore, the two groupsatitnent and comparison, were not randomly
separated into two statistically equal groups. Hnsnot allow me to conclude that the treatment
was the cause for differential growth of TER scdogghe two groups. Further analysis of
various covariates needed to be conducted in dodeiminate the possible third variable

explanations for the effects linked to treatment.
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Although the results did not demonstrate that tb&KTourse influenced critical thinking
development this may have been caused by sevetat$aOne of these factors may have been
that the population sample self-registered forlB¥®P. This may have caused students that had
demonstrated a greater affinity to schooling oragraied critical thinking skills to choose to enter
a more difficult and rigorous program. Students whue experienced previous success in
school and do well in this environment may haveseinathe IB-DP, which may be seen as a

third variable explanation for the superior growitlcritical thinking.

Another limitation may be the similar testing forned the two primary instruments used
in the analysis. The PSAT and the TER are multgbleice tests utilizing a testing booklet and
bubble sheet to record responses. These teststiréirhed forcing students to move through the
guestions quickly and efficiently in order to cortel the test. It is plausible that students that
inherently find these types of tests manageablddwba better on the PSAT and subsequently

would also perform well on the TER.

Once again the instrument used to measure crthaating (TER) could be a limiting
factor in assessing the effectiveness of the TOlsm®in developing this objective. Although
the TER appears to align well with the Aims andd&abyes of the TOK course (see Table 1) it
was never designed to measure these objectivese Ty be other measures of critical
thinking that align more closely with the goalstleé TOK course. Other researchers have
encountered this same challenge. Walther (2009¢samg the critical thinking skills of high
school students in the Advanced Placement andBtiaH, used the Ennis-Weir Ciritical
Thinking Essay Test (EW). She believed the opereémdsay test format encouraging
application of critical thinking skills in the cat of solving real life problems would be best

suited to measure the critical thinking that thessmgrams hope to develop. However, Walther
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also acknowledged the limitation of this test iga&ls to achieving the objectives of her study
for a variety of reasons. She felt the scenariesl us the test were dated and may not be
engaging for the students; thus, limiting their ivation to generate critical thought. Another
limitation of this test that she identified wasttbaaminers were not provided with more
objective criteria when evaluating responses. Tighlights the difficulty in finding a test that
matches exactly with the goals of a study or as®but ultimately may affect the results. There
may not be any one instrument that will adequateasure the development of critical thinking

that the IB-DP is attempting to accomplish with @K course.

It is recognized that although critical thinkingose of the primary goals of the TOK
course it is not the only objective. The TER obsglgudoes not measure these other goals. It is
important to note that although this study fourat the TOK course did not develop critical
thinking, as measured by the TER, it did not ev&lule overall effectiveness of the TOK course.

In this aspect this study is limited in its evaloatof the TOK course.

Implications

Educational leaders agree that critical thinks@ necessary skill that students need in
the 21st century (Jacobs, 2010). The literaturgeve¥ound that limited research exists on
critical thinking development in secondary eduaaii@brami et al., 2008). Despite this lack of
research, Abrami and his colleagues found that &hats’ (1989) describes as ‘mixed method’
was the most effective instructional strategy tbasrce critical thinking development. The IB-
DP requires all students to complete a courselemfitheory of Knowledge. The aims and

objectives of this course are, in part, to devekapcritical thinking skills of its students (IBO,
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2006). A study of the curriculum indicates that lBéhas chosen the mixed-method for its

delivery model for this course in its attempt te@aoplish these goals.

Students in the treatment group, or IB-DP studeaxperienced significantly greater
growth than students in the comparison group; hewdurther analysis revealed that treatment
could not be isolated as the cause of criticalkinijp development. Students with greater
academic achievement, as measured by performane8&Ai, were seen as the likely cause for
the superior critical thinking development exhillitey the treatment group. Even though the
treatment may have played a role in the developmierttical thinking in the IB-DP students, it
could not be isolated as the primary cause. The slgtport the hypothesis that the significantly
larger growth from pretest to posttest TER Totalr§s among the treatment group of students
was due to the fact that students that have preljia@emonstrated greater academic
achievement self-selected into the IB-DP. This du#snean that the TOK course does not
increase students’ critical thinking skills buthat further study is required to determine its

effectiveness.

The further, rudimentary analysis comparing stuslgggrformance on the PSAT-CR and
average gain scores on the TER generated integestults. Despite the small sample size of
students in Quadrant 4 (low scores on the PSAT-@RIBA-DP students) limiting the
significance of the results it is still worth menting the findings. It appears that the IB-DP and
the TOK course has the greatest impact on the dpnent of critical thinking on students that
performed poorly on the PSAT-CR. This challengeaeof the traditionally held beliefs that
the IB-DP is designed for high academically achmg\wstudents. Although, the IB takes great

pains to promote the belief that hard work and wadion are the key components to success in
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the IB-DP it is commonly thought that the IB-DRIissigned for the academically gifted student.

These results challenge this long held belief.

Recommendations for Future Research

Several recommendations for research can be watleable information could be
gained from studying two credit-based transitiqgmralgrams that purport to develop critical
thinking skills but utilize a different method oéldsery. Credit-based transitional programs are
designed to offer secondary students opporturtiliéske first year college-level coursework and
earn college credit prior to entering college (Bgi& Karp, 2003). Two common credit-based
transitional programs are the International Baag&ate — Diploma Programme and the
Advanced Placement (AP) program. The IB-DP utilizesis’ (1989) mixed method
instructional approach while the AP appears tothisenfusion instructional method. The AP
does not offer a course similar to the required TédKrse for IB-DP students. Valuable
information could be gained from studying two comatée groups of students who self-selected
to enter into rigorous and challenging programs apgroach critical thinking instruction

differently.

A study researching the affective domain of caititinking in conjunction with the
cognitive domain would add critical insight inteetbdevelopment of critical thinking. CCTST,
the designers of the TER, have a series of teatsrnikasure both the affective and cognitive
domains. The affective domain targeted by the CCiBSaIstudent’s motivation to learn and
apply critical thinking skills. This is another areith limited empirical research. A study

combining the two domains of critical thinking wdielp educational leaders determine
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necessary learning objectives to target in a aftititcinking curriculum.

An additional area of study would be a longitudistady that linked high school student
success on a critical thinking test, similar to TheR, and success in post secondary education.
This would provide information as to the value ofical thinking in secondary education. It
would also provide college admissions personnéi wiiportant information as to skills that are

beneficial for success at college.

A qualitative study would provide further inforn@t to enhance the quality of this
research. It would be valuable to include a revaéwurricula; interviews with students, teachers,
administrators, parents, and counselors; obsenlagges; and reviewing assessment practices
developed to evaluate critical thinking developmé@iis research would provide valuable
information about the effectiveness of criticahtting development in a school. This would
assist school leaders who are attempting to efegtimplement a critical thinking program in

their school.

A longitudinal study examining the critical thinkjdevelopment throughout students’
academic careers would provide valuable informafitwreducational leaders. This study
highlighted that students’ previous academic abditectly correlated with growth of critical
thinking. Little empirical research has been cortgaleon school-aged children. Most critical
thinking research has targeted post-secondary stisidé longitudinal study could help identify
the best age for developing the capacity for @itthinking. Further research in this area could
enhance our understanding of critical thinking depment and the most appropriate time to

target its development.

Lastly, further study should target the developnwodrritical thinking in students that
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have not performed well on traditional standarditesds yet still self-select to enter an
academically challenging program. A study combirtimg affective dispositions of critical

thinking (open-mindedness, flexibility, inquisitivess, judiciousness, and persistence) combined
with critical thinking skill development in studententified in Quadrant 4 (low scores on
standardized tests but self-selecting into a rigeqarogram) would provide interesting and
important data. The understanding of how and whesd important skills are developed would
provide educators with valuable information. Theke of students that exhibit the
characteristics of intellectual perseverance, natitvm, and belief in one-self would provide
valuable and interesting information for educat@an these skills be developed in a traditional

school setting?

Conclusion

This study measured the development of criticaking skills of students enrolled in the
IB-DP and students who were not. It examined re$ean effective critical thinking strategies
and programs designed to teach critical thinkirtge Teview of the literature highlighted the

need for further research in this area.

The analysis of the data gathered in this resesttaty showed that students enrolled in
the IB-DP with its mandatory TOK class developetiaal thinking skills to a greater degree
than those students in the comparison group. Ruateysis, however, revealed that prior
academic ability, as demonstrated by PSAT scolesinated the effect of treatment on student
TER performance. This was a disappointing findimgthe researcher as it was hoped that this

study would show the TOK course caused growth tica&lthinking.
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Further research needs to be conducted to budd the results found in this study.
Researching the impact of critical thinking develgmt on student learning is a complex
enterprise that is difficult to conduct for a mytiaf reasons. These reasons include gaining
access to schools, documenting the extent to whathers follow the curriculum, collecting
data over a sustained period of time, identifyipgrapriate comparison groups, isolating
variables, and accessing valid measures of studidical thinking achievement. | conclude that
the superior growth for the treatment group onTtB& Total Score is likely due to mean
academic ability differences between studentsentwo groups rather than due to the treatment.
Unfortunately, these analyses do not support tipetmesis that the TOK course leads to
increased achievement in critical thinking as meaby TER Total Scores. However, the
rudimentary, supplemental analysis of high and p@rformers on the PSAT-CR may suggest
that the IB-DP and the TOK course is extremely biera to those students that self-select to

enter a rigorous program despite previous pooopadnce on standardized tests.
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Preliminaries

Aims and objectives

Aims
The aims of the TOK course are to:

e develop a fascination with the richness of knowledge as a human endeavour, and an understanding of
the empowerment that follows from reflecting upon it

e develop an awareness of how knowledge is constructed, critically examined, evaluated and renewed, by
communities and individuals

e encourage students to reflect on their experiences as learners, in everyday life and in the Diploma

Programme, and to make connections between academic disciplines and between thoughts, feelings
and actions

e encourage an interest in the diversity of ways of thinking and ways of living of individuals and
communities, and an awareness of personal and ideological assumptions, including participants’ own

e encourage consideration of the responsibilities originating from the relationship between knowledge,
the community and the individual as citizen of the world.

Objectives

Having followed the TOK course, students should be able to:
1. analyse critically knowledge claims, their underlying assumptions and their implications

2. generate questions, explanations, conjectures, hypotheses, alternative ideas and possible solutions in
response to knowledge issues concerning areas of knowledge, ways of knowing and students’ own
experience as learners

3. demonstrate an understanding of different perspectives on knowledge issues

4. draw links and make effective comparisons between different approaches to knowledge issues that
derive from areas of knowledge, ways of knowing, theoretical positions and cultural values

5. demonstrate an ability to give a personal, self-aware response to a knowledge issue

6. formulate and communicate ideas clearly with due regard for accuracy and academic honesty.
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Tha MBA Scholarships Program

K& offers ten academic schofarships per year to Kuwaiti Nationals seeking to obtain
their MBA (Masters in Business Administration) degree from a top ranked university
in the world with high academic standards. The Cultural Division In the Kuwalt
Embassies supervise the Students during their courses of study.

Scholarship Terms and Conditions

* Maximum period of sponsorship: Two academic years
s Starting date of sponsorship: First day of classes

Scholarship Requirements

The applicant is required to have Kuwaiti Citizenship.
2. Unconditional admission to the MBA program at one of the
universities approved by KIA.
3. Registration In the Acsdemic MBA program and not Executive
MBA (EMBA).
4, Dual Degree programs will not be accepted.
The applicant should not have a scholarship from another
Source.

The applicant must register as a full-time student.

Satisfactory KIA interview.

The applicant should not have an existing MBA degree.

GMAT score shoubd be no less than 600,

10,  Applicant must provide proof of correspanding with universities,

Afl scholarships applications should be submitbed two months prior to the start of the
first semester.

L

Lo

Financial Banefits in Kuwaiti Dinars (K.D.)

Twelve hundred (1200) K.D.

Five hundred [500) K.D.

Cne time five hundred [(S00) K.D,
Saven hundred Rfty (750) K.D.

= Monthly stipend:

* Book allowance per year:
* Computer allowance:

= Annual airline ticket:

L= = R = =

* Rescarch and scientific journal subscription: Fifty (50) K.D. per academic year.
* The student may travel within 30 days of the program starting date and will ba
entitled to two manths stipend and KD 750 airfine ticket

s KIA will meet all expenses related to tuition, fees, examination charges and thesis
casts. A copy of the thesis proposal must be submitted to KIA for approval,

& Attendance at one professional conference during the degrae program. The

Copyright © 2012 All rights reserved o Kuwalt Investment Authority
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conference must be recommended by the program director of the university
and approved by KIA, Students are required to submit a report on lhe
conference to KIA and will be entitled to an economy airline ticket when
participating in conferences related to the students major.

* Students are required to maintaln full-time status during each academic term,

* Upon graduation the student is entitled to:
+ 2 month stipend.

# KD750 airline ticket.
« KD200 cargo shipment of personal ikems.

* Code of conduct: Students are required to comply with the laws of the host
country; follow the rules and reguistion of their schools; comply with
the Kuwait Cultural Division's paolicies; maintain perfect attendance and
graduate on time.

* KIA maintains the rght to terminate or suspend a student’s scholarship mission,
based on the evaluation and recommendation of the KIA scholarship
commitbee, This committee may also consider a maximum scholarship
extension of six months. Financlal entitlements during the period of
scholarship suspension or extension will be determined by scholarship
committees.,

#* A Student’s resignation from scholarship becomes effective on the day
the scholarship committee acknowledges the resignation.

Penalties

* KIA reserves the right to request reimbursement of its expenditure if the student
falls to successfully complete the degree requirements according te the terms
and conditions. of the scholarship regulations.

# In addition to these rules and regulations, Civil Service Law No.15 of 1979 will be
applied to all scholarship recipients.

KIA reserves the right to maodify, add, delete or Interpret the articles of the
scholarship regulations in accordance with the committee’s recommendations.

reirieved from:
http:/ fwewwe kingov.kw JEn/MD_ Office/ Training Dep/MBEA/Pages/defaultaspx

Copyright & 2012 all rights reserved to Kuwait Investment Autharity
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For each ANCOVA model, there are assumptionsrthadt be examined. The first
assumption is that the variance of the observatwosnd their respective group means (error
variances) will be equal across groups. This ikedahe homogeneity of variance assumption
and can be examined with a Levene’s test. A Lesetast associated with a nonsignificknt
statistic indicates the assumption was met. Thdteefor Models A to F are presented in Table
A. The dependent variable was Total score on the.Ti all but one model (Model C) the
assumption was violated. However, | concluded tth@tANOVA tests were robust to violations
of the assumption due to the relatively large sansjde. Typically, analyses of groups with
more than 30 observations are robust to violatafrike homogeneity of variance assumption.
The homogeneity of variance assumption is alsogsarg for MANCOVA tests. The tests of
this assumption for MANCOVA Models Al to F2 are ggated in Table B. In all but two cases
(Al for Evaluation and A2 for Deduction) the asstiiompwas met. Based on my prior argument,
| concluded that the MANCOVAs would be robust tolations of the assumption due to

relatively large subsample sizes<150).
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Table A

Levene’s Test of Equality of Error Variances fordéts A to F

Model Dependent Variable F p <.05 Conclusion
A Total 7.33 Sig. Assumption not met
B Total 7.19 Sig. Assumption not met
C Total 2.54 NS Assumption met
D Total 5.10 Sig. Assumption not met
E Total 4.30 Sig. Assumption not met
F Total 4.30 Sig. Assumption not met
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Table B

Levene’s Test of Equality of Error Variances fordéts Al to F2

Model Dependent Variable F p <.05 Conclusion

Al Analysis 0.69 NS Assumption met
Inference 0.69 NS Assumption met
Evaluation 5.37 Sig. Assumption not met

Bl Analysis 0.22 NS Assumption met
Inference 0.45 NS Assumption met
Evaluation 2.13 NS Assumption met

Cl Analysis 0.01 NS Assumption met
Inference 0.81 NS Assumption met
Evaluation 1.84 NS Assumption met

D1 Analysis 0.27 NS Assumption met
Inference 0.53 NS Assumption met
Evaluation 2.86 NS Assumption met

El Analysis 0.00 NS Assumption met
Inference 0.62 NS Assumption met
Evaluation 2.87 NS Assumption met

F1 Analysis 0.00 NS Assumption met
Inference 0.62 NS Assumption met
Evaluation 2.87 NS Assumption met
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Table B (continued)

A2 Deduction 5.98 Sig. Assumption not met
Induction 3.17 NS Assumption met
B2 Deduction 3.03 NS Assumption met
Induction 1.09 NS Assumption met
C2 Deduction 0.96 NS Assumption met
Induction 1.06 NS Assumption met
D2 Deduction 2.45 NS Assumption met
Induction 2.26 NS Assumption met
E2 Deduction 1.88 NS Assumption met
Induction 1.55 NS Assumption met
F2 Deduction 1.88 NS Assumption met
Induction 1.55 NS Assumption met
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The extension of the ANCOVA assumption of equaiareces to the case of
MANCOVA requires that the dependent variables htheesame variance-covariance matrix in
each group. Table C presents the results of Besisdf equality of variance-covariance matrices
for Model Al to F2. In every case, the assumpti@s wet as indicated by a nonsignificant

probability value associated with thMestatistic
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Table C

Box’s Test of Equality of Variance-Covariance Meds

Model Box'sM Significant Conclusion
Al 3.72 NS Assumption met
Bl 14.50 NS Assumption met
C1l 6.20 NS Assumption met
D1 2.58 NS Assumption met
El 3.61 NS Assumption met
F1 3.61 NS Assumption met
A2 3.94 NS Assumption met
B2 13.53 NS Assumption met
C2 2.38 NS Assumption met
D2 2.55 NS Assumption met
E2 2.88 NS Assumption met
F2 2.88 NS Assumption met
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Table D shows the Chi-Square values associatddBaittlett’s test of sphericity. The
reason a researcher conducts a MANCOVA ratherdnaANCOVA is he or she assumes the
dependent variables in a given model are conneécteoime important ways. For example, in
Model A1, there are three dependent variables{ggisicores on Analysis, Inference, and
Evaluation. The researcher assumes these arediffieyent dimensions of a common factor
called intellectual skill. If the three variablaee linked by a common factor, one must assume
that the three variables are well-correlated wébheother. In order to test whether these three
variables are well-correlated SPSS’'s MANCOVA roatproduces Bartlett’s test of sphericity.
Each Bartlett’s test has a corresponding Chi-squaliee. If the Chi-square value is significant
(i.e. significantly different than 0) we concludeat the dependent variables are sufficiently
intercorrelated and this assumption of is met. fHsailts of Bartlett’s tests of sphericity for each
MANCOVA are presented in Table D. The conclusiothet the assumption is met for all

Models and that a multivariate test is reasonatii@fch one.
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Table D

Chi-Square Values for Bartlett's Test of the SptigriAssumption for Models Al to F2

Model Chi-Square Significant Conclusion
Al 86.41 Sig. Assumption met
Bl 86.14 Sig. Assumption met
C1l 19.82 Sig. Assumption met
D1 78.16 Sig. Assumption met
El 61.52 Sig. Assumption met
F1 61.52 Sig. Assumption met
A2 73.72 Sig. Assumption met
B2 76.51 Sig. Assumption met
C2 7.59 Sig. Assumption met
D2 67.72 Sig. Assumption met
E2 54.48 Sig. Assumption met
F2 54.48 Sig. Assumption met
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APPENDIX F: FURTHER ANALYSIS OF PERFORMANCE ON PSAORITICAL

READING AND TER GAIN SCORES

156



Analysis Comparing Effect of Treatment to PSAT CR $ore

On average, students in the treatment group gar&dpoints on the TER Total Score
from pretest to posttest. In comparison, the sttglienthe comparison group gained an average
of .79 points from pretest to posttest. Thus thamgain for the IB-DP students, or treatment
group, is approximately 4.3 times greater thamtiean gain for the non-1B-DP students, or
comparison group. This is an impressive differeihosyever, theex-post factstudy design
requires further analysis of possible third vamgagkplanations prior to reaching the conclusion

that treatment caused the greater gains on theTi&&-Score.

In order to contrast the effect of treatment @ BSAT CR skills effect, | ran another
analysis in which | bisected the sample into twaugs. Group 1 consisted of students that
scored in the top 50% on the PSAT CR test. Groopristed of students that scored in the
bottom 50% on the PSAT CR test. Students in Grogaided, on average, 3.14 points on the
TER from pretest to posttest. Those in Group 2eghion average, .70 points on the TER. Thus,
the students who scored in the top 50% on PSAT &fed, on average, 4.5 times more than

those who scored in the bottom 50% on the PSAT CR.

This rudimentary analysis concludes that the athgenof scoring high on the PSAT CR
(TER average gain scores that are 4.5 times highegreater than the advantage of being in the
treatment group (TER gain scores that are onlyith&s higher). This analysis demonstrates in a

more simplistic method what the more refined ANCOaffalysis determined.
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Four Quadrant Analysis (104 Comparison — 67 Treatmet)

This analysis segmented the students into fowgoates. Students were first bisected
into High Scorers on PSAT CR and Low Scorers on PER. Students were then divided again
into either comparison or treatment groups. Inl@&Hyou can see that 29 Non-IB-DP students
scored in the top 50% on the PSAT CR, whereadatige majority of Non-IB-DP students €
71) scored in the bottom 50% on PSAT CR. Similatly |B-DP students scored in the top 50%

on the PSAT CR and only 15 of the IB-DP studentsest in the bottom 50% on the PSAT CR.

Table E

Quadrants: PSAT CR - High and Low score: Comparesat Treatment

Comparison Treatment

Non-IB-DP IB-DP
Top 50% Quadrant 1 Quadrant 2
PSAT CR n=29 n =45
Bottom 50% Quadrant 3 Quadrant 4
PSAT CR n=71 n=15

We can gain some interesting insights by analytiegaverage TER gain scores for
students in each of these quadrants (see TalB-RP students who are in the top 50% of the
PSAT-CR scores had a TER gain score of 3.38. Thsnet significantly different than the gain

score for Non-1B-DP students who also scored higthe PSAT-CR (2.79). It did not matter
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whether a student took the IB-DP course or nothBpbups of students that scored in the top

50% of the PSAT-CR showed impressive gains on tHe.T

Non-IB-DP who scored low on the PSAT-CR showedgimal gains from pretest to
posttest on the TER (only .08 points, on averageyvever, IB-DP students, who scored low on
the PSAT-CRIid show impressive gains from pretest to postteshermmER (3.63 points, on
average). The difficulty with this finding is thiite sample size for this group £ 15) was so

small the effect was not significant due to low pow

Table F

Quadrants: TER Average Gain Scores

Comparison Treatment
Non-1B-DP IB-DP
Top 50% Quadrant 1 Quadrant 2
PSAT CR TER gain = 2.79 TER gain = 3.38
Bottom 50% Quadrant 3 Quadrant 4
PSAT CR TER gain = .08 TER = 3.63
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