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GLOSSARY

Active learning:

This termis appliedina numberof ways in the literature, in the context of this thesisitis used to
imply learning opportunities that require a student-centred and directed action (such as asking or
answeringa question, workingina group, participatingin class discussion etc.). See Chapter 4 for
an explanation of how active learning opportunities were captured through the classroom

observation protocol | deployed.

Adaptive Critical Thinking (ACT) Framework definition:

“Critical thinkingisa purposeful inquiry process that involves the deployment of thinking skills and
context-appropriate criteriato make reasoned, reflective judgments and transform information

into useable knowledge to resolve points of uncertainty” (Butler, 2019 see Chapter 2).

American Philosophical Association definition of critical thinking:

“We understand critical thinking [CT] to be purposeful, self-regulatory judgmentwhich resultsin
interpretation, analysis, evaluation, and inference, as well as explanation of the evidential,
conceptual, methodological, criteriological, or contextual considerations upon which that

judgmentis based. CT is essential as a tool of inquiry” (Facione, 19903, p.2).

Discipline-Based Education Research (DBER):

An interdisciplinary research approach often associated with exploring teachingand learningin
science, engineering and math. The research employs social science methods to explore classroom
practice and outcomes (Singer, Nielsen, & Schweingruber, 2012). It aims to generate
understandingthatis not limited to a classroom by providingtransferrable "insightsinto

educational processesand theireffects" (Dolanetal., 2017, p.2).

Embedded approach:

This approach refersto embeddingcritical thinkinglearning opportunities within the classroom.
According to Ennis this teaching approach could involve the infusion or immersion of critical

thinkingin a classroom (Ennis, 1989 - see also definitions below); however, in Australia (and the

Xiv



context of my thesis), embedded approaches usually mean that critical thinking related language is

not explicitly used (which Ennis would term an immersion approach).

Explicit approach:

This approach refersto the explicit use of critical thinking related terminology and language
concerning skillsand disposition when incorporating critical thinkingin a classroom (Abramietal.,
2015). This approach is differentfrom the general approach because the emphasisison the
language around critical thinking, not the content (or lack thereof) used to demonstrate or scaffold

critical thinking.

Infusion approach:

This approach involves explicitly teaching critical thinking general principlesin a discipline-specific
environmentwhile encouraging students to deploy these attributes on discipline-specificcontent

(Ennis, 1989). Critical thinkingisa specificand explicit objective of the course (Abrami et al., 2015).

Immersion approach:

This approach involves training studentsin discipline-specific/context-specificcritical thinking (in
other words to deploy critical thinking skills and dispositions on disciplinary content) without
making the general critical thinking principals explicit (Ennis, 1989). Unlike the infusion approach,

critical thinkingis not an explicit objective of the course.

General approach:

This approach involvesteachingcritical thinking explicitly and separately from content (in other
words, without beinganchored in any one discipline area or subject matter). This approach has an

emphasison general and transferable nature of the logic of critical thinking (Ennis, 1989).

Mixed approach

This technique isa combination of the general approach combined with discipline-specificcontent
and other examples. Ennis describes this approach as a combination of the infusionand immersion
approach (Ennis, 1989). This approach typically leadsto the strongest CT development outcomes
(Abrami et al., 2008, 2015).
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Principal Coordinates Analysis (PCoA):

Principal Coordinates Analysisisa visualisation method for exploring differences in multivariate
data which has firstbeentransformed into valuesin proximity matrices (Clarke and Warwick,

2001).

Scholarship of Teaching and Learning (SoTL):

A common higher education-based reflective practice approach associated with exploringand
improving teaching and learning. This process aimsto explore, generate and employ localised
evidence-based insights forimproving classroom outcomes (Shulman, 2000; Shipley, McConnell,

McNeal, Petcovic and John, 2017).

Threshold Learning Outcomes:

Nationally-developed approach for expectations around the minimum level of achievement
required for a bachelordegree in Australia, where each discipline hasits own set of threshold
standards (Jones, Yates and Kelder, 2011). Outcomes were developed in conjunction with advisory
committees and feedback from relevant disciplinary communitiesincluding academics, employers

and professional societies across Australia.
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ABSTRACT

Critical thinking (CT) is an essential skill forthe workplace and education (OliverandJorre
de St Jorre, 2018; Sellars, 2018). Yet globally, educators feelill-prepared andill-equipped to foster
CT instudents (Lauer, 2005; Choy and Cheah, 2009; Black, 2009; Phelan, 2012; Aliakbari and
Sadeghdaghighi, 2013; Reynolds, 2016; Carbone et al., 2019). Despite multiple findings confirming
that mixed teachingapproaches generate the strongest CT development outcomes (Tiruneh,
Verburgh, and Elen, 2014; Abrami et al., 2015), instructional methods continue to emphasise
embedding CT into curricula design (Puig, Blanco-Anaya, Bargiel and Crujeiras-Pérez, 2019). This is
especiallytrue in Australia, where an embedded approach is advised through policy documents.
There are ongoing calls for classroom-based research into 21st-century skills such as CT, with a
demand for information that reveals best-practice approaches (Arum, Roksa and Cook, 2016;
Doeke and Maire, 2019). Concurrently, CT assessments are criticised for failingto help educators
understand how classroom dynamicsimpact students’ CT development(Benjamin, 2012; Rear,
2019). Consequently, the purpose of this doctoral research is to empower educators with

knowledge and tools to increase CT developmentin theirclassrooms.

This transdisciplinary thesis contributes empirical, methodological and theoretical
knowledge about CT, witha focus on its role in science education. In respect to the empirical
contribution, this research adds to understanding of CT developmentin Australiathrough an
exposition of educator ideas, tertiary science teaching activitiesand CT development outcomes. It
includesthe first cross-disciplinary, multi-institutional survey relating to educator perspectives of
CT inAustralia. This doctoral research makestwo methodological contributions by applying
scientificthinkingto education research. Firstly, it demonstrates how a biologically-based
statistical approach can generate deeperunderstanding of survey data. Secondly, it demonstrates
how usinga multi-instrumentanalysis approach creates deeperand actionable understanding of
CT development. The main theoretical contribution of this doctoral research — the Adaptive Critical
Thinking Framework — is an original synthesis and reconfiguration of the components of CT.
Descriptions of the framework elements characterise the essential elements of CT. Elaborations of
this framework, including the accompanying definition, summarise the process of CT and highlight
the importance of context when applyingthe elements. This frameworkis applied throughout the

thesisto exhibitits capacity to enhance understanding about CT.
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Collectively, thisresearch supplies new insightsinto CT developmentin Australia. It
demonstratesthe capacity of a new framework and a multi-tool assessment approach to enhance
understanding of opportunities for CT developmentin classrooms. Contemporary science
graduates require more than just standard scientificskills and content knowledge to succeed
(Taber, 2016; Pearl, Rayner, Larson, and Orlando, 2019). Employersrequire graduates to be
reflexive thinkers and problem-solvers (Bezanilla, Fernandez-Nogueira, Poblete and Galindo-
Dominguez, 2019). Yet the way to achieve this outcome requires strategic changes to teaching
practice. Educators need clear policy direction and trainingto support theirdecisions and efforts
to enhance CT developmentintheirclassrooms. There isa needto overcome the failure to
measure what matters (Shively, Stith, and Rubenstein, 2018). It is time to think more critically

about critical thinking.
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Introduction:

From Classroom to Concept

The opening up of new points of view and new methods are inherent in the progress of knowledge.

Dewey, 1929, p.31



Recognisingthe importance of critical thinking (CT) is not new (Ennis, 1962; Brabeck, 1983;
Giancarlo and Facione, 2001; Grieco, 2016; van der Zanden, Denessen, Cillessen and Meijer,
2018a), with early conceptions about CT stemming from Greek philosophy (Paul, Elderand Bartell,
1997a). Peirce (1877) also contributed understandingabout inquiry, belief and the role of doubtin
thinking. He reflected onthe work of Lord Roger Bacon and scientists such as Kepler, Lavoisierand
Darwin, and noted that the memorable works of science were a “lessonin logic” and “reasoning”
(Peirce, 1877, p.2). However, it is Dewey (1910), Glaser (1941) and Ennis (1962) who are

considered founders of the modern understanding of CT (Fisher, 2011).

Many influential contributors have transformed the way CT is incorporatedinto education
programs (McPeck, 1981, 1990; Glaser, 1983, 1984; Norris, 1985, 1989; Sternberg, 1986; Facione,
1990a, 1990b; Paul, 1995, 2005, 2011; Nosich, 1996; Paul and Elder, 2006a; Halpern, 1998, 1999,
2003). Of importance to this doctoral research is the stance put forward by the American
Philosophical Association (Facione, 1990a, 1990b). Generated by a panel of experts seekingto

clarify the role of CT in education, this view considers,

critical thinking [CT] to be purposeful, self-regulatory judgmentwhichresultsin
interpretation, analysis, evaluation, and inference, as well as explanation of the
evidential, conceptual, methodological, criteriological, or contextual considerations
upon which that judgmentis based. CT is essential as a tool of inquiry. As such, CT is a
liberatingforce in educationand a powerful resource inone's personal and civic life.
While not synonymous with good thinking, CT is a pervasive and self-rectifyinghuman
phenomenon.

(Facione, 1990a, p.2)

Yet despite Facione’s efforts, and the numerous other contributions from theorists from
philosophy, psychology and education, CT remains a problematic concept. Examination of the
literature highlights ongoingcalls for a consensus on CT (see Poirierand Hocker, 1993; Capossela,
1998; Sanders and Moulenbelt, 2011; Lai, 2011a; Moore, 2013; Dunne, 2015). As a result,
definitions have continued to be generated (see Halpern, 2003; Paul and Elder, 2006a; Van Gyn
and Ford, 2006; Paul, 2011, 2012; Ennis, 2011a; Dwyer, Hogan and Stewart, 2014; Thomas and
Lok, 2015).

In Australian education, expectations about CT have been criticised as beingtoo vague for
students, particularly international ones (Vandermensbrugghe, 2004). Policymakersinthe

Australian education system have sought to acknowledge the role of critical and creative thinking



by incorporating aspects of these thinking skillsin key policy documents, such as the Australian
Curriculum and in the tertiary education Threshold Learning Outcomes (Jonesetal., 2011; ACARA,
2013). In these documents, desirable skills setsand dispositions are listed inan attempt to provide
a functioning definition of what CT looks like. However, thisis problematic because focussingon
the skills decontextualises them. It makes them seem like the essential component of CT, when
reallyitis the ability to think critically and the development of good mental habits which
underpins success in these cognitive skill areas (Costa and Kallick, 2000). Further, variousscholarly
disciplines place emphasis on different sets of thinking processes (Gordon, 2000). It is not so much
the possession of any one skill whichis important whenit comes to CT; but the employmentofa
range of appropriate cognitive thinkingskillstoend up with a quality response for that context
(Bailin, 2002). Therefore, views about CT that focus on individual parts of the CT process in

isolation are too reductive for theirapplicationto amount to a truly critical thought product.

The volume of literature on CT developmentsince the 1990s has increased from a handful
of papers to thousands. This ever-growingrange of perspectiveson CT presentsa challenge for
educators. There isso much information to process, and not all perspectives demonstrate a sound
evidential base. Commentators across various fields note that much of the research tendsto be
qualitative in nature, using anecdotal or self-report data to provide evidence of student gains in CT
(Staib, 2003; Leming, 2016). While some disciplines will acceptthese kinds of resultsas a
validation of the approaches effecton CT development, others, such as science, generally require
a more quantified approach. However, the value of studies where quantitative measures are used
also varies. Most current assessment approaches isolate each skill to reveal strengths and
weaknesses (Ennis, 2009), but given the intertwining nature of CT skills, treating skillsinisolation
is likely to be to the detriment of understandingthe quality of thought (Benjaminetal., 2013).
Further, the tools used to qualify the approaches are oftentoo general and disconnected fromthe
context to provide an educator with a specificunderstanding of CT developmentintheir
classroom (Benjamin, 2012). What remains isa failure to achieve a consensus stance about the
concept of CT and failure to clarify CT developmentin contextually relevant ways for educators

who want to work from an evidence-base perceptive on CT.

A practical solutionisto selectand deploy an approach and continue with a trial and error
process until a successful outcome is found for theirclassroom. However, findings from previous
perceptionstudiesindicateitisunlikely educators have the time or training to determine how to

overcome weaknessesin existing perspectives when makingjudgements aboutthe best methods
4



to use. For example, Shell (2001), Black (2009) and Aliakbari and Sadeghdaghighi (2012) all found
that time constraints and a lack of trainingand support for educators were the major barriers
impedingtheincorporation of CT in classrooms. Even Hatcher (2013) recognised that the detailed
explorations and evaluations undertaken throughout his program development would not have
been possible without 14 years of funding (cumulatively worth overa million dollars). This funding
allowed Hatcher to reduce teaching loads, educate teachers through conferences and training,
and bring in expertsto help with program design. Few educators have access to such resources.
Therefore, to overcome barriers around training and time constraints, tools for navigating the
literature and guiding educator judgements are needed. These tools not only equip educators with
the resourcesthey needto teach well, butalso help them understand the what, the why and the
how so they can align theirexistingideasto evidence-based approaches. However, an
understanding of existingknowledge and practice isneededto improve the relevance of these

tools.

Perspectives from educators, from several countries and disciplines, have already been
examined (see Paul etal., 1997a, 1997b; Choy and Cheah, 2009; Kowalczyk, Hackworth and Case-
Smith, 2012; Stedman and Adams, 2012; Rodzalan and Saat, 2015). However, thereis a general
gap inthe understanding of perspectivesat a K-12 level, especially in science, because aside from
Black (2009) and Alwadai (2014), previous CT perception studies have focused on perspectives
from highereducation. Thereis also a lack of knowledge about Australian educators, as only one
study, from one faculty of history, philosophy and cultural studies educators has been undertaken
(Moore, 2013). There is also a lack of classroom-based data on CT developmentinscience
classrooms, as momentum for Australia’s STEM movementis fairly recent (Murphy, MacDonald,
Danaia and Wang, 2019). My research addressesthese gaps in knowledge by examiningthe views
Australian high school and university science educators hold regarding the definition,
developmentand assessment of CT. However, the reliability of perception and self-report data is
limited and does not always accurately represent classroom outcomes (Paul, 2005; Beck and
Blumer, 2016; Leming, 2016). For example, Paul (2005) expressed that some educators think “they
understand critical thinking sufficiently and are already successfully teachingit” (p.27), evenwhen
this is not the case. However, students can be equally as poor at assessingtheirlearning (Porter,
2013; Halpern, 2014). Therefore, to build on my educator perception survey findings, this research

also investigates science educatoractions using a case study approach.



Leming (2016) suggests that educators draw from their prior education experiencesto
shape the pedagogical choicesthey make. As a scientist, | have learnt to trust in evidence-based
knowledge, and have beentrainedto observe, hypothesise, quantify and draw conclusions from
new data. These habits have carried through to the way | function as a science educator. | want to
inspire and help students understand the world around them using teachingtechniques that have
a quantified evidence-base. However, whenitcomes to CT | have not been able to find evidence
that satisfiesthe scientistin me, nor have | encountered many students who implicitly possess the
processingskills needed to navigate the plethoraof information that we now have at our

fingertips.

As | reflect on my education journey, | realise that | have been privileged. | have been given
permissionto remaininquisitive - from participating in gifted learning programs where deep
thinkingwas endorsed, to simply beingexposed to educators who allowed and encouraged me to
ask why. I am a better thinker because of it, and even as an adult my curiosity and love of learning
remains. But thisis not the typical pathway for Australian students. At least not those | have
observedthrough my various experiences working with children—which range from nurturing
babiesthrough to teensinvarious childcare environments, to workingin schools with the CSIRO
and teaching university students. These experiences have positioned me to notice that our
experiences with knowledge shape our capacity to think. We encourage and allow a young childto
ask why as they start to develop theirunderstanding of the world, but at some pointintheir
educationjourney, it becomes unacceptable to questionthe knowledge thatan adulttellsthem.
There remainstoo much emphasis on retaining knowledge ratherthan understanding how to
navigate and applyit. As technological advances continue to shift social and economic structures
from an industrial to a knowledge-based economy, education objectives need to change
(Thompson, 1967; Etzkowitz, Schuler and Gulbrandsen, 2000; Lautensach, 2004). Continuingto
impart ‘content knowledge’ atthe expense of developing thinkingskills will not help meetthe
needs of the future workforce (Ironside, 2004) nor help solve issues relating to climate change and
resource depletion (Lautensach, 2017). In this post-truth world (Gross, 2017), we need
information-literate thinkers. However, to resolve these issues and challenges, increased
understanding of CT developmentin Australiais needed. To increase information literacy and
thinkingskillsin graduating students, it is necessary to engage them and train them to
appropriately challenge and verify knowledge (Hirsh, 1997; Rieh and Hilligoss, 2008; Case and

Given, 2016). These skills are at the core of critical thinking.



Research scope, aims and questions

Examination of CT literature revealed extensive information foreducators to interpret,
evaluate and understand. However, theoretical constructs are not always evidence-based orwell-
suitedto classrooms. In addition, educators across the globe generally do not have enough time or
training to be able to think critically about CT for themselves. There is a paucity of literature on
Australian educators, particularly within the sciences, despite the development of CT (or at least
CT skills) beinganintended learning outcome from the Australian National Curriculum and also
from the Threshold Learning Outcomes that help guide university graduate standards (Jonesetal.,
2011; ACARA, 2013; Oliverand Jorre de St Jorre, 2018). There isalso no existingliterature
outliningthe trends in Australian science educators thinking, and theiractions whenit comes to
CT development. Since so many of theirinternational peersare feelingill-prepared and
unsupportedin thisarea, itisimportant to gaininsightsinto Australian educators’ practice so we
can understand how to support them. However, if the variety of perspectives on CT inthe existing

literature isanything to go by, thisis not a simple problemto address.

Transdisciplinary research isa problem-solving approach that starts with real-worldissues
(Wickson, Carew and Russell, 2006) and crosses discipline boundariesto help unifyand generate
knowledge in a way that cannot be achieved within one disciplinary space (Mahan, 1970; Hadorn
et al., 2008; Bernstein, 2015). Transdisciplinaryinquiry needs CT (Wagner, Baum and Newhbill,
2014). This movement of knowledge across disciplines requiresintense thinking, reflection and
judgement - all of which are essential mental processesin CT. HoweverCT also requires
transdisciplinary research. For too long CT has encountered translational problems about its
construct, process and development. There are calls for consensus, even though numerous
theorists have supplied collective perspectives and frameworks. There are demands for practice-
based evidence sothat the theoriesbeinggenerated about CT alignto real-world experiences. Yet
these calls occur concurrently with requestsfor examples of evidence-based practice from
educators who want to be able to ‘get on with’ developingstudents’ CT abilities using verified
approaches. This response is due to policymakers and educationinstitutionsdemandingCT as a
learning outcome eventhough the educators at the student/learninginterface are not necessarily
trained (nor supported) to facilitate CT development. Each stakeholderrequires more than current

understandingabout CT can supply. To help solve these problems, a new approach is needed.



My transdisciplinary research aligns the areas of science, CT and curriculum development
to enhance understanding about CT developmentinscience in Australia(see Figure 1). It
incorporates some of the body of work on CT to seek out commonalities across the field and then
translates theminto a framework that can be adapted for widespread use. It incorporates existing
understanding about curriculum developmentfocusing onstudent learningand CT to reconfigure
methods for CT developmentand assessment. However, it also consults important stakeholders
(Australian science educators) to increase the relevance of the research for the Australian context.
Thinkingabout CT in the context of curriculum developmentis notnew. In fact, it is what most of
the literature on CT developmentis about. However, what is new to this transdisciplinary nexusis
science. Science is largely responsible forthe mass knowledge generationinthe modern age. Yet
the knowledge science producesis often fragmented - a by-product of the discipline-based
approach science tends to employ (Hoffmann-Riem etal., 2008). Scientificapproaches are long
thought to contribute skills akin to those associated with CT (Dewey, 1910; Byrne and Johnstone,
1987; Klahr, 2000). But most importantly, science places an emphasison evidence-based
understanding, which resonates with calls for more evidence on CT. Given the contributions of
science to the information literacy demands stemming from a knowledge-based economy, it

seems appropriate that scientificthinkingand methods are part of the solutionto resolveit.

Evidence-based
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Generation
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/ Education
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7
I
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and
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Figure 1 My transdisciplinary research frame. Figure created for Butler(2019).



This transdisciplinary doctoral research has three aims:

1. To synthesisethetheoretical construct of CT, to clarify the literature and generate an
adaptable framework for CT and increase the accessibility of ideas on CT.

2. To investigate Australian educator perceptionsabout CT and its developmentand
assessment, and determine whethertheirunderstandingis consistent with Australian
policy and/or the literature on CT.

3. To explore how Australian tertiary science educators at Flinders University are
developing CTand determine the effect of their approaches usinga case-study method

that could also serve as a general model for CT assessment.

The first aim of this research is to the address the usability of the literature on CT,
incorporating the iterative and emerging definitions. This was achieved by generatingan
adaptable CT framework and a supporting definitionto ensure the effective deployment of the
framework. This CT framework also became a way to further analyse the data gathered foraim 2
and 3. Concerning aim 2, it was used in terms of determining which aspects of the framework are
presentin educator perspectives. Concerningaim 3, it was used to identify areas of weakness and

highlight opportunities forimprovement within student CT development

To addressthe lack of an Australian understandingon CT (aim 2) and explore the success of
CT developmentinscience (aim 3), the research investigated the perceptions and actions of
Australian science educators regarding CT. Aim 2 was achieved by exploring the views that
Australian high school and university science educators held about the definition, development
and assessment of CT. Thento furtherinvestigate the development of CT, and to contribute
insights to assist educators with making development-based and assessment-based decisionsin
theirclassrooms (aim 3), the second part of the research measures, clarifiesand compares the

effects of different CTdevelopmentapproachesin physical and life sciences.

The main research questions concerningaims 2 and 3 are:

1) What ideas are represented in Australian educators’ perceptions of critical thinking and
what approaches do educators report incorporating in their classrooms to develop and

assess CT?

a. What do Australian science educators know about the nature of CT, and is their



understanding different depending ontheirdiscipline oreducation setting?

b. What approaches do Australian educators report incorporating intheir classrooms to
develop CT, and are these approaches differentdependingondiscipline oreducation
setting?

c. What methodsand tools would Australian educators use to assess CT, and are these
differentdependingondiscipline oreducation setting?

d. Do factors such as teaching experience, state (as a proxy for identifying state-based

policies), orgender, help explain differencesin educator perceptions about CT?

2) What teaching approaches are currently employed by Australian science educators in

order to develop critical thinking abilities, and which are most effective?

To explore CT developmentinscience, thisresearch deploys a combination of science
education research practices, including Scholarship of Teaching and Learning (SoTL) and Discipline-
Based Education Research (DBER). SOTL is a reflective teaching process that engages with
evidence-informed approaches (both literature and data from one's own classroom) with an
emphasis on improvingclassroom learning outcomes (Shulman, 2000). Whereas DBER is often
described as a form of interdisciplinary research, usingmethods grounded in social science to help
address "discipline-specificproblems" that arise when trying to teach evolvingscientific
knowledge using evidence-informed approaches (Singeret al., 2012, p.202). The key difference
betweenthese approaches isthe purpose of the research. The SoTL process tendsto be an
individualised and localised evidence-based learning approach, seekingtoinform practice at a
classroom level (Shipley etal., 2017). Whereas the goals of DBER are broader with the research
seekingto generate understandingthat extends beyond a "single classroom" or "program" to

provide "insightsinto educational processes and their effects" (Dolanet al., 2017, p.2).

Since transdisciplinary research exposesand transcends traditional disciplinary boundaries,
an important part of the work is identifying the disciplinary interactions and the overall research
frame (Mahan, 1970; Bernstein, 2015). Between my framework, the perception survey and the
case studies, thistransdisciplinary research is intended as a launching point for understanding CT
developmentinseniorsecondary and tertiary science classrooms in Australia. However, there are
many facets of science, curriculum developmentand CT that were outside the scope of the
research (see Figure 1). For example, the research focuses on CT and curriculum development

through the lenses of science and Australia. Whilst perspectives were initially gathered from

10



Australian science and history educators, most of the classroom-based research component
focussed only on those modalities which were appropriate to science. Another boundary for the
curriculum developmentareais how my research tackles CT assessment. | sought to collate and
apply CT assessmenttools ina unique way to increase the usability of classroom data for making
change, but this research is not intended to address the verification orvalidation of new or
existing measures of CT. Rather, it isintended to show a possible pathway through to creating
informative and usable evidence-based research on CT. The boundary relatingto CT and my
research is less overt. In seeking to synthesise the literature on CT to formulate boundaries
relevantto curriculum developmentinscience, larger problems were revealed. The core of which,
for me, was that educators were faced with a plethoraof varying perspectives on CT and wereiill-
equippedtodeal withit. Perhaps ironically, thisresultedin the generation of another perspective.
However, my framework is not intended to replace existingunderstandingabout CT. Rather it is
meant to enhance understanding by making the literature more accessible. Assuch, the boundary
between myresearch and CT isa little more fluid. It set out to take existingunderstandingand
apply it, but because of the intense interactions between using my trainingas a scientistand an

educator to thinkabout CT, it resultedina new way of knowingabout CT.

Explanation of important terms?

For the purpose of thisresearch, the term ‘science educator’ encompasses physics,
chemistry and biology teachersin both tertiary education and seniorsecondary education. These
educators teach courses that require discipline expertise, unlike educators from lower levels of
schooling, where approaches are much more general. This choice meantinvestigationswere
informed by the discipline-specific perspectives that these educators potentially held and allowed
for exploration of policy-related perspectives. In additionto investigating science educators, non-
science educators from history were included in initial investigations. These history educators
functioned as an outgroup would in phylogenetics, helpingto determine if there were unique
perspectivesinthe science educator group, or if the perspectives were common to both sciences
and humanities. History was selected purely on the basis that there were comparable subject
offerings at a seniorsecondary and tertiary level, in addition to the fact that CT is currently

outlined as a learning outcome in both the Australian Curriculum and tertiary Academic Standards.

10ther important terms and definitions can be found in the glossary.
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This meant that both educator groups would have some discipline expertise, as well as policies
that could potentially guide their practice. Thus, in the context of this study, ‘Australian educator’
refersto a seniorsecondary or tertiary practitionerfrom science (physics, chemistry or biology) or
from a non-science subject (history). Further, senior secondary educators are referredto as high
school educators. An additional education-related termto note is that the word ‘course’ is used
throughout this research. For the purposes of this study the term ‘course’ should be understood
as a single semester of teaching (as per the USA). In Australia, thiswould normally be referred to

as a 'topic,' with the word course beingusedin reference to the entire degree program.

This research applies a scientificanalysis approach to data that would often be handled
qualitatively or by deploying basicstatistics (including descriptive and univariate methods). As
such, it is worth consideringthe difference between descriptive, univariate and multivariate
approaches. Descriptive statistics use measures that consider one variable at a time. In contrast,
univariate and multivariate analyses explore the relationship between two or more variables
(Anderson, 2003; Lehamn, O’Rourke and Stepanski, 2005). The key point of difference between
univariate and multivariate analysesis that univariate statistics generallyinvolve the exploration
of one dependentvariable ata time, whereas multivariate statisticsinvolves concurrently studying
two or more dependentvariables. However, by function, univariate is used to encompass all
comparisons which can be handled by an analysis of variance (ANOVA). Thisreserves the term
multivariate statistics for those analyses that have multiple dependentvariables (and/orfactors)
that cannot be handled by an ANOVA and/or be otherwise analysed through parametric

approaches.

Chapter structure and outlines

The following section overviews the contents of the thesis chapters. This body of research
consists of two theoretical chapters (Chapters 1 and 2) which explore the construct of CT, and four
experimental chapters (Chapters 3-6). These experimental chapters contain the study methods;
some additional literature explanations related to the assessmentand analysis choices; and the

results and findings concerning educator perceptions and actions in relationto CT development.

There isa key structural interventioninthis doctoral thesis. Because of the
transdisciplinary imperative, it became important to ensure the connection between the chapters
and reflect on their relationship. My research explores diverse butimportant ideas about CT and

its developmentin Australia, so these reflections function like a primerin DNA synthesis, providing
12



the starting pointfor the next stage of the synthesis. They also reveal my transdisciplinary journey
from thinkinglike a scientistto thinkinglike a science educator informing curriculum
development. Therefore, these sections - labelled primers - intervene and interrupt the argument,

openingspaces and offeringintellectual challenges.

Chapter 1: Literature Review — This chapter contains a review of the existing definitions and
frameworksfor CT. It explores why, despite hundreds of years of theorising, a consensus
on CT has still not been achieved. It considers the role of context and criteria in shapingthe
CT process. This chapter also describes the challenges faced by educators when attempting

to use the existingliterature andincorporate CT in their classrooms.

Chapter 2: Adaptive Critical Thinking Framework — This chapter presents a synthesis of the
literature led to the construction of a CT framework. The framework then became a tool
for not only explaining the construct of CT but also a way to investigate it. This chapter
presents the framework and supportingdefinition | developed to helpincrease the
usability of the literature and bring a shared understanding of CT. It examinesthe process
of CT and the core aspects needed to differentiate thinking from CT. This framework brings
the common aspects of CT togetherto form a tool which can be used to navigate the
literature; identify relevant resources; structure and develop content; and track the
process of CT. This chapter includes some examples of how the framework can be usedin
educationand everyday life. However, to further demonstrate its potential uses, it has
beenapplied throughout the research findings to show how the framework can help
pinpointwhich aspects of CT educators are focusing on, and additional opportunities for

development.

Chapter 3: Educator Perceptions of Critical Thinking — This chapter contains the methodsand
findings from the educator perception survey and addresses Research Question 1. This first
cross-disciplinary, multi-institutional survey relating to CT in Australia was designed to
capture educator understandingand intentions for CT developmentand assessmentin
theirclassrooms. It describesthe rationale, and the construction and analysis of the
educator perception survey approach used to investigate educator understanding of CT. In
additionto presentingan Australian perspective on CT, this chapter also demonstrates how

multivariate analysis approaches, typically used in ecological studies, can be applied to
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survey data to enable complex hypothesis testing and facilitates deeperunderstanding

about survey responses enablingthe generation of educator profiles.

Chapter 4: Exploring CT Development in Chemistry — This chapter beginsto address Research
Question 2. It presentsthe case study methods and the first of the case study findings. The
chapterincludesa miniliterature review on CT assessmentand explains the tool selection
and case study method used to quantify educator actions and corresponding student
outcomes. It also describesthe CT development outcomes from studyinga semester of
first-yearchemistry, where the teaching strategiesincluded a fortnightly workshop (which
incorporated a range of activitiesincluding quizzes, worked question sets, group work and
novel case study problems) in conjunction with traditional lectures and traditional

laboratory experiences.

Chapter 5: Exploring CT Development in Biology and Society — This chapter reveals the second of
the case study findings. It exploresthe outcomes of studyinga biology-based science and
society topic. This course incorporates elements such as guestlecturers, videos, popular
press, and scientificarticlesinto weekly class discussions and lectures. This was a two-part
case study. The firstround of data collection replicated the method usedin the chemistry
case study — gathering information about the existingapproaches usedin the course and
exploringtheireffectson student CT development. However, the second round of data
collectionincorporatedinterventions totarget CT skills that were identified as areas of

weaknessinround one.

Chapter 6: Comparing CT Development in Science - This chapter continuesto build understanding
for answering Research Question 2. It reflects on the student's perceptions, observed
actions of educators, and compares the CT performance changes from the biology and
chemistry case studiesto exploreif the way time isspent in the classroom produces a

detectable difference on CT development.

Conclusion: From Concept to Classroom — The conclusion revisits all key study findings and
highlights the original contributions of knowledge inthisthesis. It offersa perspective on
the intentions and actions of Australian science educators and suggests future research

possibilities and analysis approaches.

14



My chapters (and primers) address the goals of this transdisciplinary research by each
adding to the collective understanding about CT and its development. The data chapters have a
sole focus on Australian educators to contribute understandingto an area where knowledge is
currently sparse. In addition, all data chapters employ methods from science, psychology and
education to assist with generating usable knowledge about CT. The findings of this research are
intendedto inform science education; however, the broader understandingabout CT and the
methodology are applicable to all educators. In terms of specificcontributions, my ACT Framework
is an original contribution that synthesisesthe ideasabout CT to help overcome theissuesaround
defining CT that were raised in the literature review (addressingaim 1). The CT framework is also
appliedthroughout the research to show the different ways it can address gaps in educator
understanding about CT. This framework was developed with educators (my broader
stakeholders) in mind, wanting to supply them with an approach for understandingresearch on
CT. The following datachapters then involve my key stakeholders—science educators. The first of
the data chapter captures the ideas held by these stakeholders (addressingaim 2). Then the
proceedingdata chapters further explore these perspectives around teaching approaches that
science educators use to development CT (addressingaim 3). These case studies were designed to
increase awareness about teachingtechniquesin science that are effective fordeveloping CT to
assist science educators with making decisions about CT developmentintheirclassrooms. This
research compares the effects of different CTdevelopmentapproachesin physical and life
sciencesto see if any lead to stronger CT development outcomes. This research configuresan
approach that educators can adapt to their own classroom. It demonstrates how to assess CT
using observational tools, as well as general, qualitative and skill-specificassessmentinstruments.
The body of work serves as a tested model for assessing the development of CT. Educators can
implementsome (or all) of these evaluation approachesin their own classrooms. Its contribution
is not just to science; it is an adaptable package which models developmentand evaluation
approaches that are relevantacross disciplines and education levels (eventhough the tools will

change based on age-appropriateness).

CT continuesto be emphasised as an important skill in Australian education. In a recent
publication, OliverandJorre de St Jorre (2018) reflected on the qualities Australian graduates
currently hold and will need. Intheiranalysis, they found that CT and global citizenship were listed
as graduate attributesfor 87% of the education providers they examined. However, whenitcame

to the Student Experience Survey results, there was a 7-10% difference in student perception of
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theirknowledge of their field and their CT skills, irrespective of their pointin theirdegree. This
highlights a disparity in the way our education system demonstrates the value and relationship
between contentknowledge and CT skills. Thisis not surprising given that content knowledge is
made explicit, and CT skillsare embedded, butit is problematicif we want Australian students to
succeed into what Gross (2017) describesas a post-truth world. In fact, Arum etal (2012) found
that graduates possessingunderdeveloped CT skills experienced poorer outcomes. These include
three-times higherunemploymentrates, greatercredit card debt, and takinglonger to cohabitate
or marry than higher-performing peers. Agrowing picture of the importance of CT in modern
societyis developing, but difficulties can arise when trying to give practical directionsfor bringing
it about. Oliverand Jorre de St Jorre (2018) recommended that to achieve the strongest
outcomes, graduate attributes need to be communicated and explained repeatedly, and
assessment needsto be explicit. These recommendations are not dissimilarfrom those made by
the Delphipanelin 1990 (Facione, 1990a, 1990b), but itisa shiftaway from the way things are
currently donein Australian education. Science educationresearchers need to do more to develop
CT inour students. This means we need to understand more about the current state of CT

developmentin Australian classrooms.
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PRIMER 1

Scientists make sense of the world around them. We deal with theoretical problems by
making observations, undertaking experiments and challenging knowledge until we clarify the
uncertainty. We compare things that we do not know, against the things we do know, to see what
theories hold. We follow the so-called scientific method and put our faithin numbersto help us
make our judgements. But what a non-scientist might not consideris that we experimentbravely.
We recognise processes do not always work out the way one might expect, but we proceed
anyway. We understand that sometimes the technology to which we have access is not yet
advanced enough to answer our question completely, but we proceed anyway. We recognise that
the existingtheories that we trust today, the very ones that underpin our research, may needto
change with the knowledge we discovertomorrow. But we proceed anyway because we seekto

evolve knowledge.

Information on CT is not lacking, but clarity is. Throughout the upcoming literature review,
| reflectupon the multifaceted nature of CT and the need for a better way to consider it. This is
followed by a chapter which tackles this. The Adaptive Critical Thinking (ACT) Framework and
definition were aresult of a series of thought experiments—consideringwhat CT is, and what it is
not. It arose out of wanting to bring a scientificapproach to a theoretical problem. In evolutionary
biology, we work by the theory of parsimony— that is, the simplestsolutionis probably the right
one (at leastuntil we are faced with new evidence). However, before arriving at this state we
collectand compare evidence about the organisms we are studyingand its close relatives. We
considerwhat itis, and what it is not. We seek to characterise. In biology, this process of
recognising and describing organisms is known as taxonomy. As | synthesised the literature, |
applied this descriptive classification approach to CT - moving from discussing the similarities and
differencesin perspectives on CT to evolvingunderstandingabout CT to a more universal, yet

adaptable stance on CT that | have calledthe ACT Framework.



Chapter 1

Literature Review

The greatest obstacle to discovery is not ignorance, it is the illusion of knowledge.

Boorstin, 1983, p.86
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1.1 Introductionand chapteroutline

Existing reviews on critical thinking (CT) serve to describe the skills, dispositions and
abilities associated with CT (see Facione, 1990a; Kennedy, Fisherand Ennis, 1991; Paul et al.,
1997b; Pithersand Soden, 2000; Moon, 2004; Lai, 2011a; Sandersand Moulenbelt, 2011; Niu,
Behar-Horestein and Garvan, 2013; Thomas and Lok, 2015; Davies and Barnett, 2015). This review
examinesthe shiftin ideas about CT both prior to and following on from the Delphi panel’s
attempt to generate a consensusview (Facione, 1990b). This review explores why despite the
efforts of Facione (1990a, 1990b) and the others who followed (Paul and Elder, 2006a; Halpern,
2003; Paul, 2011, 2012; Ennis, 2011a), CT seemsto be “less, rather than more clearly defined”
(Capossela, 1998, p.1). It exploresthe impact of Facione’s attempted consensus on CT (Facione,

1990a, 1990b) and builds on Facione’s recommendations (1990a).

This literature review provides an exposition of the evolution of ideas about CT in modern
education and highlights that new thinking on CT has reached a saturation point. There seemto be
too many perspectives—each with their own merits, yet none which fully capture all the parts
(Johnson and Hamby, 2015). Yet by consideringthe various perspectives collectively, meaningful
insights emerge into the actions involved in CT, the standards for good CT, and the qualitiesofa
critical thinker. There is considerable agreement about core skills and dispositions associated with
CT (Sternberg, 1986; Lai, 2011a), with differences evolvingfromthe recipe for putting them
together. This chapter demonstratesthat there isindeed still a need for a shared understanding
about CT and posits that a framework, like Tarricone’s (2011) work on metacognitionis neededto
bring cohesionto the thinkingon CT. It also addressesJohnson and Hamby’s (2015)
recommendation to acknowledge extant definitions priorto redefining CT. | pay particular
attentionto barriersto consensusand the featuresand failures of current CT frameworks. This
sets the scene for my solution: the Adaptive Critical Thinking Framework (the bulk of which is
presentedin Chapter 2). This frameworkinitially emerged out of my own synthesis of the
literature, as the plethoraof ideassignalled a need for a common set of terms to help educators
navigate through the various perspectives on CT and incorporate the contextually relevantones
into theirclassroom. It is a tool that can be used to bring consistency to the field, increasing the

usability of ideas about CT among philosophers, psychologists and educators.
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1.2 Definitionsof CT

CT has beendefined both broadly and narrowly (Kennedy etal., 1991). Early ideasabout CT
from Dewey (1910) and Glaser (1941) address the nature of CT, and introduce components such as
disposition, knowledge, skill and reflection. Bloom (1956) explored the stages of thinkingand
proposed a hierarchy of educational objectives. Ennis (1962) contributed a concept of CT,
incorporating features of existingtheories, and addingin his own ideas about the “correct
assessing of statements” (p.83) which shifted the focus of ideas onto knowingand applyingcriteria
to judgments. Discussions about the specificity of criteria (domain-specificor general), as well as
skillsand dispositions associated with CT, increased through the 1980’s. Yet despite the explosion
of perspectivesoverthat period, questions remained about the motivation for CT, the dimensions
that make up CT and the criteria for assessing CT. It was around this time that Facione (1990a,
1990b, 1990c) convened a panel of 46 educators from Canada and the US (referred to throughout
as the Delphipanel) with the intentto discuss CT and generate a consensus about its development

in order to generate a collective approach for education.

The Delphi panel noted the multifaceted nature of CT, acknowledging components
including cognitive skills (see Table 1.1), cognitive dispositions and affective dispositions (see Table
1.2). The definitionthatemerged from theirdeliberation was “purposeful, self-regulatory
judgment which resultsin interpretation, analysis, evaluation, and inference, as well as
explanation of the evidential, conceptual, methodological, criteriological, or contextual
considerations upon which that judgmentis based” (Facione, 1990a, p.3). In short, CT involves
habitually employingthinkingskills to reflect, evaluate and explain with clarity. The Delphi process
revealedthat CTis a convoluted construct, and whilst a consensus view was generated, Facione
was quick to note that not all the experts agreed with all the ideas put forward. Some of these
expertswenton to generate and/or revise theirown conceptions of CT (Ennis, 1991; Ennis, 2011a;
Facione, 2000; Facione, 2015; Lipman, 1995a; Lipman, 2003; Paul, 1996; Paul, 2005; Paul, 2011,

2012), and continue to debate about the components and meaning of CT.
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Table 1.1 Summary of the Delphi panel’s consensus ideas regardingthe cognitive skills and sub-skills associated
with CT. Note. Adapted from 'Critical thinking: A statement of expert consensus for purposes of educational
assessment and instruction' (Facione, 1990b, p.12-19).
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Table 1.2 Summary of the affective components fromthe Delphi panel’s consensus ideas regarding CT. Note.
Adapted from 'Critical thinking: A statement of expert consensus for purposes of educational assessment and
instruction' (Facione, 1990b, p.25).
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The definition generated by the Delphi panel is widely used, but like many of the
perspectives before it, the full body of the work seems insufficiently explored. It seems to have
become just another perspective inthe ongoingdiscourse. Reflectingon the past 26 yearssince
the publication of the Delphi panel’sreview of CT (Facione, 1990a, 1990b) ideas about CT have
continuedto develop. For example, while current perspectives on the cognitive skills associated
with CT still generally align to the Delphi panel’s 1990 conception, ideas about metacognitionand
creativity provide some areas of discrepancy. With some believing CTis a metacognitive process
(Dwyeret al., 2014); and others adding divergent thinking (fluency, flexibility, originality and
elaboration of ideas; see Vincent, Decker and Mumford, 2002) and creativity into the mix of skills
(Fisher, 2001 and 2011; Almediaand Franco, 2011). A number of frameworks about CT have also
beendeveloped (see Paul and Elder, 2006a; Beghetto, 2002; Duron, Limbach and Waugh, 2006;
Edwards, 2007; Rabu, Aris, and Tasir, 2013; Dwyer et al., 2014). However, of these, it is the Paul-

Elder framework that has been most widely promoted and adopted.

The extentto which CT abilities are general or domain-specifichas remained an ongoing
node of discussion (McPeck, 1990; Ennis, 1991 and 2011b; Possin, 2008; Robinson, 2011;
Vainikainen, Hautamaki, Hotulainen, and Kupiainen, 2015), but there has been a shifttowards
incorporating the learning opportunities from both perspectives (see Sections 3.2.2-3.2.4.).
However, some additional conceptions of CT have been put forward, including— a dispositional
theory of thinking (Perkins, Jay and Tishman, 1993); the “honest evaluating of alternatives”
(Hatcher, 2000, p.6); a practice of re-evaluatingone’s thinkingand reasoning (Possin, 2002); a
notion of self-critical thinkers (Andrews, 2009); and thinkingthat recurrently accesses and

restructures knowledge (Almediaand Franco, 2011).

Habits, attitudes, behaviours and dispositions are still included in conceptions of CT (see
Facione, 1990a, 1990b; Paul, 1992; Kuhn, 1999; Halpern, 2003; Paul, 2005; Ennis, 2011a, 2011b;
Hatcher, 2013; Ennis, 2018). Understanding of dispositional and motivational aspects have
increased (see Halpern, 1999; Pithersand Soden, 2000; Macpherson and Stanovich, 2007; Ku and
Ho, 2010; Ennis, 2011b; Sosu, 2012; Miele and Wigfield, 2014; Facione, 2015). The dispositionto
think critically is now distinguished from the ability to think critically (Ennis, 1985; Facione, 2000;
Kuhn, 2019), and this increases possibilities about how CT might be targeted in the classroom
(Bloch and Spataro, 2014; Kuhn, 2019). However, there is still some debate about the role of

dispositions (Schmaltz, Jansen and Wenckowski, 2017) and factors for predicting CT performance
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are still under exploration (see Clifford, Boufal and Kurtz, 2004; Celuch, Kozlenkova and Black,

2010; Manalo and Sheppard, 2016).

Facione’s work with the Delphi panel led to the consolidation of the existingthinkingon CT
through the process of attemptingto provide an operational definition to encourage its
developmentandassessmentinthe classroom. However, ideas about CT have continuedto
develop as theorists and educators gather empirical data on thinking skills, dispositions and
metacognition. Given the reflective and evidence-driven nature of CT, thisongoing adjustmentto
the construct is conceivably expected and appropriate. But rather than adjustingand improving
the construct, theorists appear to be stuck trying to re-inventaspects which other fields have
already described. The various perspectives and possible causes driving the reinvention of similar

ideas are explored belowin Sections 1.2.1-1.2.3.

1.2.1 Isthere a consensus on any aspects of CT?

Views about CT are expandingand transforming. For example, Paulinitially proclaimed that
CT could not be reduced into a single definition (Paul, Binker, Martin, and Adamson, 1989), but he
later contributed a perspective that CT is ‘thinking about thinking to improve it’ (Paul, Fisher and
Nosich, 1993). Ennis has alsorevisited his definitions of CT - initially “the correct assessing of
statements” (Ennis, 1962, p.8) to update it to include “reasonable, reflective thinking” (Ennis,
1991, p.6) acknowledgingthat CT is responsive to contextand its transformative power liesin
using CT skills to refine thoughts about “what to do or believe.” Facione’s work with the Delphi
panel was the first major attempt to consolidate education-focused philosophies about CT
(Facione 1990a). However, as described above, additional ideas have been formulated since this
initial ‘consensus’ view. As a result of the ongoing discourse, there is a pervading belief thata
suitable definition of CTis yet to be fashioned (see Poirier and Hocker, 1993; Sanders and
Moulenbelt, 2011; Lai, 2011a; Moore, 2013). Johnson and Hamby summarise the state of a
consensuson CT as “an overabundance of problematicdefinitions” (2015, p.1), resultingfrom a

failure to properly acknowledge existing definitions and identify their strengths and weaknesses.

Ideas about CT have shifted with the changing demands on society, which now require
individuals to successfully navigate through a surplus of information that has varying degrees of
validity. The focus has changed from seeing CT as it functionsin education, to recognising CT’s role
in the workplace (for example Gambrill, 2005; Prinsley and Baranyai, 2015; Hirsh, 2018) and as a

life skill (Pellegrino and Hilton, 2012). Even though there is still no unanimously accepted
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description of CT, there is acknowledgementthat CT incorporates many thinking processes such as
problem-solving, inquiry, reflection, interpretation, justification, planning, argument analysis,
argument construction, decision making, appraising assumptions, reasoning and self-control (Lai,
2011a). Further, many definitions considerreflective and/orreasoned judgmentto be the major
outcome of CT or beinga critical thinker (Dewey, 1910; Ennis, 1991; King and Kitchener, 1994).
These similarities show that thereis clarity about certain aspects of CT, so itis conceivable that a
consensus stance could be achieved. Yet, there also seemto be factors holdingup the process. For
example, the multifaceted nature of CT and its application make it challengingto achieve a
consensus approach and stance. What is neededisa meta-approach, such as an adaptable
framework definition that facilitates the separation of the components (general in nature) and
theirapplications (context-dependent) to help users understand which aspects of CT theory they
are drawing from. As will be discussedin section 1.2.3 there are existing CT frameworks; however,
they do not acknowledge the different branches of ideas about CT while relayingthe degree of
similarity and connectedness between core elements. Aframework can be successful at
amalgamating various ideas about CT (see Chapter 2), but the factors driving the ongoing
generation of ideas about CT must be addressed to enable the definitionsto be unified. These

barriers are explored next.

1.2.2 Sources and barriers to achieving a consensus view

CT isa thinking process that is applicable and valued across disciplines. However, there is
yet to be a stance that captures the variability. This section will discuss how the barriers
preventingthe generation of a consensus stance are a product of the multifaceted nature of CT.
Essentially these barriers relate to a failure to create or use a shared language, a failure to
generate a perspective thatis sensitive and adaptable to context and a failure to synthesise and

build from existing beliefs about CT across discipline boundaries.

The ongoing generation of ideas about CT seems to be a self-perpetuating barrierto
achievinga shared understanding. The range of perspectives on CT arises from the fact that they
are formulated from three different conceptual traditions - philosophy, psychology and education
(Sternberg, 1986). The philosophical stance on CT has a set view about the characteristics a critical
thinker possesses (Lewis and Smith, 1993), with an emphasis on logic (Sternberg, 1986),
“perfections of thought” (Paul, 1992) and qualities and standards (Bailin, 2002). The psychological
stance has a more behavioural-based focus whenit comes to CT (Lai, 2011a). Theorists from this

tradition are concerned with both the attributes (skills and dispositions) and actions of a critical
25



thinker, as well as the everyday constraints that might influence the developmentordeployment
of these attributes (Sternberg, 1986). The educational stance traditionally focusesonthe
development of cognitive skills (Bloom, Englehart, Furst, Hill and Krathwohl, 1956; Anderson,
Krathwohl and Bloom, 2001). However, this conceptual traditionis now shiftingto include
dispositional aspects, since these can lead to better development outcomes (Bloch and Spataro,
2014). Having differentfields contributingto CT definitionsis not problematicin itself, provided
that thereis shared language across the disciplines. However, whatis evident from the existing
literature isthat thereis not a common set of terms, and the academics from differingfields often

frame theirviewsin contrast with each other.

While CT definitions are nested inthree conceptual traditions, the perspectivesabout CT
are not that different. Sternberg(1986) pointed out that the main differencesinthe definitions of
CT seemto emerge when it comes to the application of CT skills and dispositions, ratherthan the
skillsthemselves—particularly with regard to the prompt/drive, contextand proficiency of their
use. Relatedto thisis the settingfor CT. Sandersand Moulenbelt(2011) describe the main
distinctions between definitions as clustered into “context-specificdefinitions” in which CT
“cannot occur without a specificcontext” (p.44); and “cross-disciplinary definitions” in which CT
“skills are not dependentona particular context” (p.45). These two different stances on the role
of contextare one of the driving sources behind the hold up to a consensus stance. Additionally, it
is likely thata hold up to arriving at a consensus is that existing perspectives are not capable of the

nuanced applications of the core skills.

The multifaceted nature of CT and its applications make it challengingto achieve a
consensus stance. As a process, CT encourages individuals to consideralternatives, weigh up
options and recognise how different sets of circumstances may change the bestresponseto a
scenario. However, the specificparameters for this process and rules guiding the quality of the
outcome are shaped by context. Trying to create a definitionthat describesthe actions of CT
incorporating both general and domain-specific constraints could also be responsible forthwarting
effortsto achieve consensus. Yet is clear from the literature that there are domain-specificways of
knowing (Weinstock, Kienhues, Feuchtand Ryan, 2017), despite the general value of CT to any and
all thinkingand judgements. Itis these epistemicdetails that provide nuances to how CT should
look and proceedin different contexts. This means the nature of CTis its own barrier to achieving

a shared stance on CT because the specificcognitive demands needed to do CT at any particular
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time will change depending onthe contextual nuances and criteriological parameters of the

scenario.

There isan inherent contradiction in attempting to reduce this complex thinking process
into a prescriptive perspective. Yet not having a shared-understandingleads to inconsistenciesin
the developmentandassessment of CT and propels further theorisingand ideageneration.
Therefore, the pragmatic need for a consistentapproach for exploring CT might outweigh the
theoretical conflicts about a reductive approach to multifaceted nature of CT. The main barriers to
reaching a consensus arise from attempting to construct a ‘one-size-fits-all’ definition which does
not accommodate these variationsin application nor clarify the differencesinterminology. Infact
itis where and how theseideasare beinggeneratedthat is drivingthe real issues preventinga
consensus approach. Issuesrelatingto language (withregard to terminology usage and the
communication of ideas) and the alignmentand relevance of the theories to practice are covered

next.

Terminology barriers

Terminologyis a major barrier to achievinga consensual view. Each iteration of definition
generationincorporates some of the existinglanguage in a slightly different way yet does not
always make it clear which components of CT have shaped the view. Sanders and Moulenbelt
(2011) noted, “there is no shortage of scholarship on critical thinking,” however, each contribution
tends to discuss CT as if “their personal or discipline-specificdefinitions are consistently shared by
all” (p.38). Further amplifyingthisissue is the fact that terms which have etymological nuances are
usedinterchangeably (Cuban, 1984); or sometimesjust incorrectly and in doing so are completely
changing their meaning, such as Costandius et al. (in Davies and Barnett (2015) misquoting Ennis’
perspective on CT as “reflexive thinking” (p.547) rather than “reflective thinking” (Ennis, 1991,
p.6). In the case of Costandius et al. (2015), the use of the term “reflexive” (automated and
reactive) construes CT as a bottom-up rather than the top-down thinking processimplied by
“reflective” (interms of actively monitoring thinking), whichis a major conceptual shift inideas

about CT.

Anotherlanguage issue emerges from how the terminologyis used, particularly whenthe
same words are used to convey different meanings. Forexample, when the Delphi panellists were
deliberatingoverthe components of CT, there was a common inclusion of a notion about ‘good

thinking.” However, when Facione (1990a) reviewed thisideaand asked further questions, he
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ascertainedthat there were differencesinthe meaningof ‘good’ when applied to CT by the
different panellists. Sometimesitreferred to the quality of thought, other timesto the ethicsand
morality of thought. In other instances, good thinking referred to the skilled and habitual
application of CT skills, not just the use of the skillsthemselves. The use of ‘good’ in each of these
descriptions demonstrates how judgments about CT are sensitive to contextand criteria, and how
examining CT through differentlenses (skills versus disposition versus morality) can lead to
different conclusions about what qualifies as ‘good’ quality thinking. The scenario above highlights
how/why seemingly different definitions have emerged from the three fields (philosophy,
psychology and education) because they have used differentlenses (criteria) when describing CT,
shiftingthe focus of the meaning of CT from expectations (standards - philosophical), toideals
(proficiency - psychological), to actions (skills and products - educational). The disparityis further
compounded by the fact that many theorists try and put forward a view that seems mutually
exclusive despite the fact that they are situatedina common theoretical tradition (Johnson and

Hamby, 2015).

Barriers caused by the communication of ideas

Hindrances in achievinga consensus are not limited to the terminology used to describe CT
and its components. Barriers are also linked to the communication of ideas. Confusion and
assumptions about CT can arise if a theoristdoes not explainifthe definition orcomponentof CT
they are presentingas eitheressential for CT, or non-essential, yet somethingthat enhancesthe
CT process. Facione (1990a) encountered this problem when unpacking ideas about the
dispositions of a critical thinker. Two-thirds of the Delphi panel felt both cognitive dispositionsand
affective dispositions were core to the meaningof CT, whereas the rest feltthe affective
components were a bonus and not central to CT itself. In both instances, the affective components
were still seenas related to CT, but not necessarily the essence of CT. However, these complexities
are not automatically communicated through the term ‘disposition’ northrough a list of

components CT includes.

Communication about the extent of inclusion of a particular skill within perspectivesisalso
important. It can reveal the contextual and criteriological differences between new and existing
definitionsand prevent the misrepresentation of ideas due to hidden nuances in the way the
terms are used. For example, CT issometimes discussed as a series of standards to hold thinking
up to, yet other definitions focus on CT as a process involving different skills whose deployment

may be influenced and/or complemented by personality traits and dispositions. Kuncel (2011)
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explainsthat there also seemto be two different versions of CT skills— one that covers domain-
specificskills which develop with practice and expertise (not readily generalisable); and the other
which considers a logic-focused “finite set of very specificreasoningskills” (p.2) which could be
generalisable (eventhough evidence suggests they do not always transfer). Again, knowing which
version or nuances theorists are workingfrom is important to help achieve a shared

understanding, evenifthis ‘understanding’ is that perspectives are different.

However, a furthercommunication issue arises because CT is discussed in both a noun and
a verbform. Moon (2007, p.126) notesthat “the thinkingand representation of thinkingare
differentactivities” yetCT is a term “that tends to be usedto cover both the mental activity” and
its product. Sometimes both forms are used within a single definition, makingwhat CT is versus
how it occurs/proceeds difficultto grasp. Anderson et al. (2001), helped addressthis issue for one
of the perspectiveswhenrevising Bloom’s 1956 taxonomy, by shifting the language from noun to
verb form to help educators implementthem. Yet many other theorists have not further clarified
theirown or others’ perspectives. When definitions, terminology and/or related expectations
remain unclarified, they fuel the ongoing confusion about CT, by leaving perspectives opento
interpretation eventhough they may have beenformed from very specificideas. With all these
differencesin meaning, itis likely that educators would find it challenging to choose which ideas
about CT should guide their practice. However, there is a furtherissue for educators -the gap

betweentheoryand classroom.

Barrier caused by the disconnect between theory and practice

A further barrier to the generation of a consensus view is that the theories do not always
align with the contextsin which they are used. This could be a consequence of the language and
value issues described earlier, however, Norris (1992) explainsthatthere isstill a tendency to treat
the concept of CT philosophicallyandinan abstract manner, and as a consequence the resulting
definitions do not necessarily reflect any actual reality. For example, to help combat the
generation of abstract definitions which might be disconnected from the education settingsin
which they are used, recent literature has offered a classroom-based approach to interpreting CT.
For example, Moore (2013) found that a multi-dimensional view of CTemerged when he explored
how the ideaof CT isused in educational practice at an Australian university. Moore (2013)
highlighted this disconnect, by notingthe distinction between his findings and the ‘CT movements’
attempts to produce a more singularand readily identifiable cognitive mode or perspective in

theirapproaches. However, Moore’s investigation was limited in that it only explored a few
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opinions, of a few closely related disciplines (history, philosophy and cultural studies) at one
university. Sowhilstit isinsightful that educational practice in some of the humanities disciplines
at thisuniversity seemed to favour a multi-dimensional approach to CT, thisstudy does not give a
broad perspective of the role of CT in tertiary education (and cannot even give clarity among the
three disciplines presented). Further, the potential for application of Moore’s (2013) findingsis
limited, asthere isno empirical evidence provided to show that the academic’s opinions of
important attributesthey sought to encourage in theirstudents were apparent in theirteaching.
However, the findings show that the classroom-based insights educators have of CT add depthto

the understanding of CT theory.

Norris’ (1992) ideas about the abstract nature of CT definitions build on Wittgenstein’s
(1958) thoughts about derivinga word’s meaning by examiningsituations where the word is being
used. For example, Wittgenstein discussesthatitcan be difficulttoverbalise whatthe colour ‘red’
is without examples of things that are red and things that are not red. Therefore with definitions
of CT, itis important to look to examples of CT and then discern from it, to reveal how to
distinguish ‘sound and reasoned judgment’ from other cognitive processes such as thinkingor
judgment (which, on their own, are not CT). Further, a scientist, artist and philosopher could all
have avery different perception of what red is and they may have a way of describingit that picks
up on unique or discipline relevant attributes. Similarly, ideas about CT are also affected by
context. The traits, skillsand dispositions associated with CT are valued or weightedin different
ways dependingon the theorist’s background (philosophy, psychology, or education) and the
domain-specificneeds of the situation (criteria for sound reasoning in art versus science versus
every-day life etc.). This perception variationis reflected in the variety of definitions for CT. Yet
instead of acknowledging crossover betweenviews (and that new ideas may be discipline-specific
insightsinto an existing definition), theorists appearto use alternate phrasing about CT, whilst
critiquing existingideas, to unveil theirinsights as novel conceptions. Ironically this has created an

ongoing series of opposingideas about CT inthe pursuit to generate one unified definition.

By concentrating on the abstract examples and differencesratherthan the similarities
between perspectives, theorists have cluttered non-experts understanding of what CT is. The
reality is the different epistemologies held by each discipline mean there are context-specific
nuances to the application of CT. These differencesresultinthe needfor differentsets of thinking
resources to arrive at sound judgmentsin each discipline. Paul (1996) notes that these “insights

from multiple disciplines (withoutlosing coherence orrigor)” (p.34) are a core part of what is
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missing from past research into CT. Thisindicates that no single view about CT is necessarily a
‘more correct’ reflection of reality than another — theyare all “imperfect” (Paul, 1996, p.34).
However, there is value in exploringthe various expressions of CT through the differentlensesin
these discipline contexts, to help clarify what is CT and what itis not. Further, a common
command of the term is needed (Johnson, 1996), and “more effective” communication between
theorists and “those concerned with classroom instruction”is requiredto be able to reintroduce
“the art of thinkingcritically...in education” (Paul, 1996, p.34). These requests and
recommendations eventually resulted in the emergence of a number of frameworks, which
attemptedto help mobilise CT definitions and clarify the componentsand process of CT. However,
as discussed next, a widely applicable approachis still missingand a solution such as an adaptable

framework approach is needed (see Chapter 2).

1.2.3 The features and failures of previous frameworks

As presented and discussed throughout this chapter, numerous attempts have been made
to arrive at a common state of belief about CT. Yet through 25 years of debates and discussion,
the literature on CT continues to supply new opinions and perspectiveson CT and its development
(Dwyeret al., 2014; Kwan and Wong, 2015; McCormick et al., 2015; Huber and Kuncel, 2016;
Vainikainen etal., 2015; Ennis, 2018). However, this ongoing generation of informationis counter-
intuitive to successfullyimplementingthese ideasinto education. Particularly as educator
perspective studies have revealed educators do not have time, nor resources, nor the training to
be able to research and implementthese tacticsin the classroom (Paul et al., 1997a, 1997b; Shell,
2001; Black, 2009; Choy and Cheah, 2009; Aliakbari and Sadeghdaghighi, 2012; Kowalczyket al.,
2012; Stedman and Adams, 2012; Moore, 2013; Alwadai, 2014). These perception studies highlight
that educators are not in need of more information; instead, they need a strategy to helpthem

navigate through the existinginformation and incorporate the relevant components into their

pedagogy.

There are a number of existing frameworks on CT, which educators could use as a starting
point. Some of these outline aspects of CT (Paul and Elder, 2006a; Van Gyn and Ford, 2006; Dwyer
etal., 2014; Thomas and Lok, 2015). Other scholars focus on evaluatingteachingapproaches to
encourage and improve CT development (Duronetal., 2006; Rabu et al., 2013; Osborne, Kriese,
Tobey and Johnson, 2014); or use CT to investigate other constructs (Beghetto, 2002). There is
also a framework which isa mix of the concept, development and evaluation (Edwards, 2007). A

critique of each of these follows.
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The first framework educators could consider concerns a construct of CT by Paul and Elder
(2006b). Thisframework is available through the Foundation for Critical Thinking website.
Educators may also find this website useful because it has a number of resources for CT
development. Their main framework, developed by Paul and Elder (2006b), involves elements of
thought, standards of excellence andintellectual traits (See Figure 1.1). The Paulian definitionis
framed around “the art of analyzingand evaluating thinking with a view to improvingit” (Paul and
Elder, 2006a, p.2). Itis a genericapproach that can be applied across “all subjects,” and is heavily
embeddedinthe philosophical stance with a focus on perfections of thought. As such, the
application of the frameworkis directed at overcoming “native egocentrism and sociocentrism”
through the “mindful command” of “standards of excellence” (Paul and Elder, 2006a, p.2). The
components included inthisframework are logical and incorporate many of the important aspects
of CT. However, the main criticism | have of this perspective is that their purpose of CT assumes
that everyone should be focused on improving their thinking. Yet not everyone’sinterestis
academically based, meaning the value of CT embodied by thisapproach may not be as evidentto,
nor seen as applicable by, these individuals. While the 3-part framework captures the underlying
essence of beinga critical thinker, it is also a little deficient, in that there is more to the purpose of
doing CT than improvingthinking. For example, King, Goodson and Rohani (1998) summarised
some perspectivesin CT, notingit can be approached in terms of problem-solving; higher-order
thinking; “results produced by thinking creatively” (p17); metacognition; and dispositions. Each of
these flavoursto CT will shiftthe purpose and also how the process is undertaken. Kinget al.
(1998) also draws attentionto the fact that the “successful application” of thinkingskills are
“explanations, decisions, performances, and products” (p.1). The outcome is not always focused

on improvingthinking.
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Figure 1.1 Aspects of the Paul-Elder CT framework. Note. Reprinted from 'The Miniature Guide to Critical Thinking:
Concepts and Tools' (Paul and Elder, 2006b, p.21).

This deficit does not render the Paul-Elder framework invalid, because the aspirationto
improve one’s thinkingis in the spirit of being a critical thinker. The framework also helps
emphasise how CT the process benefits from being explored as a union of metacognitive skills,
dispositionsand thinkingskills. Itis these elements which help ensure high standards for the
thinking outcome — another worthwhile goal for educators. However, noting the deficit, serves as
a caution for educators wanting to use the Paul-Elderapproach. Instead of making ita sole stance
on CT in theirclassrooms, educators may be betterserved by treatingit as a standard of thinking
for students to aspire to. Lastly, education systems that employ rote-learning approaches and
recall-style assessments are not structured to convey the value of good thinkingto students, so

this framework would not be applicable in these settings.

Overall, the Paul-Elderframework s a valuable tool, because it creates a way to define the
quality of thinking, expectations around reasoning and reflection by having these standards of
thinking, and intellectual traits to apply to the elements of reasoning. However, users of the

framework needto be aware that by focusing on the reasoned and reflective aspects of what good
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judgementlooks like, this approach has lost sight of the core judgement-based purpose of CT. If
educators are having difficulty encouraging studentsto engage inthe idea of thinking well,
perhaps they can look to other definitions to help generate student motivation about the value

and purpose of CT.

Van Gyn and Ford (2006) reconceptualised the Paul and Elder approach. Their definition
maintainsan emphasis on the quality of thinking, however, italso characterises the types of
thinkingtasks and criteria that are relevantto CT. Educators may find this definition more user-
friendly than the Paulian approach. Van Gyn and Ford (2006) have also constructed a guide
intended fortertiary educators, which educators searching for resources on CT will find helpful,
because it not only contains definitionsand frameworks, but it also has worked examplesin
differentdomain areas. For the purpose of reviewingtheirframework, | presentthe image
containingthe culmination of theirideas for the instructional design process (See Figure 1.2). It

includestheircore elements (intellectual habits, intellectual deliberation and reflexive

dimensions) as well as instructional design components. Van Gyn and Ford (2006) have assembled

the framework this way to make the aspects and interactions overt, with the hope that its explicit

nature will make it easierfor teachers to use. This frameworkis useful because it shows how

having a known CT definition leads to clearer structure for planninginstructional strategies,

guidelines and activities forstudents, as well as assessment goals. However, the main limitation of

this modelisitis so explicitthat it does not give educators the opportunity to vary components

shouldthey have a differentview on that aspect of CT.
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Figure 1.2 Van Gyn and Ford’s instructional designframework, highlighting the relationships between their
definition, dimensions and criteriafor CT as well as the suggested standards for applying them to planning,
assessing and evaluating student work. Note. Reprinted from ‘Teaching for Critical Thinking’ (Van Gyn and Ford,
2006, p.34).

Dwyer et al. (2014) also have a strongly metacognitive view of CT. Theysee itsrole as a
“purposeful, reflective judgement” process that “increases the chances of producing a logical
conclusionto an argument or solutionto a problem” (p.43). However, theirframework is
comprised of both cognitive and self-regulatory aspects (see Figure 1.3), which they argue “are
necessary for the successful application of CT” (p.49). Dwyer et al. present this framework at the
end of an extensive review of the literature, where they gather the evidence-based perspectives
on various aspects of cognitionand executive function to argue theircase for the
interconnectedness of the elements they use in their framework. Expressing how some attributes
guide the application of other attributes (the self-regulatory functions guiding the use of CT skills
such as evaluationand inference ), while things like reflective judgementand CT are correlated

and developinan “interdependent, cyclical manner” (p.48).
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Figure 1.3 Dwyer, Hogan and Stewart's integrative cognitive framework of CT. Note. Reprinted from ‘An integrated
critical thinking framework for the 21 century,’ (Dwyeret al., 2014, p.49).

Dwyer et al. (2014) do little to explain how their framework could be applied, merely
suggestingit represents “a cognitive framework of learning outcomes” that can address “the lack
of impetusfocused on training CT skills” (p.49). Given the framework is comprised of mental
processesand skills, itseemsless about learning outcomes and more of a construct. Nevertheless,
theirstatements lenditself to the inference that by makingthe components of CT explicitfor
educators, that educators can then make these into explicitlearning outcomes forstudents. Again,
this isa framework that should not be used inisolation from the supportingarticle, where users
should specifically referto the component segment (or learning outcome) theyintendto focus on
to gaininsightinto the envisioned standards and expectations. As such, educators who have

developedtheirownunderstanding of CT may find this framework too inflexible fortheirneeds.

Thomas and Loc (2015) supply a framework with a much more general approach to CT than
Paul and Elder (2006a), Van Gyn and Ford (2006) or Dwyer et al.(2014). Thomas and Loc developed
a conceptual framework that characterises CT as having three interconnected attributes (skills,
dispositions and knowledge), with each of these attributes also having three composite sub-skills

(see Figure 1.4). Thomas and Loc also define the purpose of CT as “supporting the quality of
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reasoningand subsequentjudgements” (2015, p.101). However, it is initially unclearif they are
implying that the conceptual framework attributes are the components that support the ‘quality
of reasoningand judgement,’ because they also propose three performance levels (which
represent different things to the conceptual attributes) that offersupport to CT. The connection
betweenthe framework and performance levelsis not made clear till later in the article, where
the authors briefly expressthe need to map “activities and learning outcomes” to the framework
themes, and then use these to develop “functional attributes across the performance

levels”(p.103).

Removed due to
copyright restriction

Figure 1.4 Thomas and Lok’s operational framework for teaching CT. Note. Reprinted from ‘Teaching critical
thinking: An operational framework’ (Thomas and Lok, 2015, p.98).

The purpose of Thomas and Loc’s framework was to both clarify the important parts of CT
relevantto education, and also provide components that could be modified based on educator
context (learningsettingor discipline). The attributesincludedinthe framework are sufficientto
allow educators and researchers to examine and categorise literature on CT. However, there isno
explanation of the interaction between each of the attributes (implied through the arrows in
Figure 1.4) to frame how users might appropriately engage or incorporate multiple attributes and
sub-skillsintheirclassrooms. Another aspect that affects the usability of this framework, is the
lack of a clear definition to guide its application, or an explanation or set of rules about the
supplementation of ideas. The underlyingissue is whetherthe framework could upholda
consistentstandard of CT across users. However, Thomas and Loc do define performance witha

more simplified perspective of the strongly metacognitive standards around CT than other
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theorists (Paul and Elder, 2006a; Van Gyn and Ford, 2006). These views on performance, in
combination with the framework, provide a tool which educators may find more useful for

organisingactivitiesaround CT and supporting student CT abilities.

The first four frameworks examined have been heavily focused on CT theory. However,
educators may be more interestedin models that help themto identify opportunities to scaffold
CT development. If thisisthe case, they might like to considerthe work by Osborne et al. (2009),
who builta framework to assist with the development of CT through interpersonal skills foran
online course. Osborne et al.’s framework (See Table 1.3) is based on the ideas of Kuhn (1999),
Paul & Elder (2002), Smith (2002) and Doherty, Hansen, and Kaya (2007). By makingthe
theoretical underpinnings explicit, it gives educators without a pre-existing stance on CT a place to
start theirthinking. Educators with a pre-existingstance on CT can compare their understanding
against the explicit explanationtoidentify the extent of alignment with the theorists, in addition
to determiningwhetherthe framework will be beneficial fortheirclassrooms. Osborne et al.
(2009) also outlinesthe process they undertook to formulate theirideas and apply themin their
classroom. Both types of educators (those with and withoutan existing stance on CT) can replicate
this process for theirown setting. Osborne et al. also supplies tools to assess student thinkingin
line with their model, so this framework (andits supporting materials) provide a full package for
educators who are interestedin developingboth CT and interpersonal skillsand also find the
framework ideas to be necessary, sufficient and substantive for a perspective on CT. However, an
educator may not find this view to be sufficient, because it uses a limited set of CT skillsand
dispositions, and also strips out some of the explicitand core language around CT which has been
found to enhance the efficacy of CT development (Abramietal., 2008, 2015). Overall Osborne et
al.’s (2009) framework provides a highly accessible model for educators who want students to
understand how to appropriately challenge theirown (and other’s thinking) with a more
considered approach to logic and argument than structured Socratic questioning (Paul and Elder,

2008; Lee, Kim and Kim, 2014) or identifyinglogical fallacies (Adler, 1996).
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Table 1.3 Summary of Osborne et al.’s CT framework, describingboth components and related actions. *The related actions and criteria have been reorganised and on
occasion paraphrased to assist an educator’s ability to compare this framework against the others in this chapter. Note. Adapted from ‘Putting It All Together: Incorporating
“SoTL Practices” for Teaching Interpersonal and Critical Thinking Skills in an Online Course.” (Osborneet al., 2009, p.47)

Component Description

Related actions and criteria*

Recitation “state known facts or opinions”

Acknowledge what aspect(s) of what is beingstated are factual and what are
based on opinion.

“analyse the roots of those opinions

Exploration
P or facts”

Digging below the surface of what is believed orknown.

Working to discover the elements that have combinedto resultin that fact or
that opinion.

Analysis withoutan attempt to comprehend the impact of those facts or
opinions.

“involves an awareness of other
viewsand a comprehension of the
difference(s) betweenone’sown
opinion (and the facts or other
opinions upon which that opinionis
based) and the opinions of others.”

Understanding

To truly “understand” our own opinioninrelationship to others, we must understand
how to discover the roots of the opinions of others

Become aware of the roots of our own opinions,

Initiate an active dialogue with the other person about his or her opinionsand
the roots of those opinions.

“a full awareness of the differences
Appreciation between our views and opinionsand
those of others.”

To truly appreciate differences, we must be aware of the nature of those differences.

Undertake an analysis of the opinion as recited by the other.

Generate a complete awareness of the similarities and differences between our
own opinions (and the roots of those opinions) and those of the other.

Be aware that while opinions may differ, we are now in a position to truly
appreciate and value those differences.
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Anotherexample of a framework for an online setting was developed Rabu et al. (2013),
who proposed a framework to describe the different ways that educators’ scaffold and educate
studentsin an online learning environment. This framework structures a way to explore student
CT engagement, cognitive performance and general CT skills through Nonaka and Takeuchi’s
(1995) Socialisation, Externalisation, Combination and Internalisation model. Similarto the
Osborne etal approach, Rabu etal.’s framework may be helpful for educators, because it explains
which perspectiveson CT itincorporates, which can serve as a model of how to incorporate
existingliterature for other educators. However, the main disadvantage of thisframework isthat
it very complex, and therefore may not be readily understood or applied by an educator unless
they are already working in an online learning environment and using the Asynchronous Online

Discussion Forum to develop CT.

If educators find developmentframeworks such as Rabu et al. (2013) too convoluted, then
they may prefersomethingthat is more generally applicable like the 5-step framework created by
Duron etal. (2006). This cyclical framework (see Figure 1.5) scaffolds a process of pedagogical
improvement designed to assist educators in developing students CT skills. The framework
involvesteachersidentifying or generatinglearning objectives; teaching through questioningand
discussion; consideringand including the types of activities that “promote active learning” (p.162);
collecting feedback and documenting participation and progress intasks; and providing

“thoughtful and purposeful” feedback to students (p.163).
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Figure 1.5 Duron, Limbach and Waugh’s 5-Step Model to Move Students toward CT. Note. Adapted from ‘Critical
Thinking Framework for Any Discipline’ (Duron etal., 2006, p.161).
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Duron etal.’s framework aims at improving pedagogy for CT by outliningthe steps
educators should take to promote the developmentof CT. It uses a skills-based definition of CT
that isgrounded in Bloom’s taxonomy to judge when CT is occurring. However, the framework
moves educators through some of the more self-regulatory aspects of CT to helpthem generate
understanding about the opportunities forimprovementintheir classroom. The drawback for the
studentsis that these self-regulatory behaviours (which theorists such as Paul (1996) believe are
important to improve the standard of thinkingare not modelled forthe students, or part of the
planned abilities to give them opportunitiesto developin. Although the educator thinking process
incorporates a more holisticapproach to CT and will be rigorous, the lack of suggestions around
modellingandincorporating standards and dispositionsin the classroom is a major deficiencyin
the student-based framework outcomes. Educators should also take care to read the descriptions
of the framework’s elements supplied within the supporting article because the intended purpose

of each step is not always clear from the framework image alone.

If educators are not looking for a conceptual framework or a framework for improving
pedagogy, then they may prefera framework or tool for theirstudentsto use. If thisis the case,
they mightlike to consider the Beghetto framework (2002). This framework outlines using CT to
critically considerassumptions about creativity. Educators may not initially perceive the relevance
of thistool if they are not interested in creativity, howeveras later explaineditcan be adapted to
using CT to explore other constructs. The framework has four phases designed to help students:
recognise existingand perhaps “static” views; confront “alternative understandings”; evaluate and
understandingthe benefits and limitations of their perspective in the context of their future
profession; and generate a stance on creativity based on thisunderstandingand evidence
(Beghetto, 2002, p.35). Even though creativity is a separate construct to CT, it has beenincluded
here because of its relevance tothe Australian Curriculum which groups these two ideas together
as part of the general capabilities (ACARA, 2011). Educators wanting to use this framework should
note that it was developedfora higher education settingto give students the opportunity to
reflecton their “implicit understanding of creativity” and theirintended profession which
Beghetto notes may have “neverbeen examined” (2002, p.35). However, the phases in the
framework could easily be adapted to consider constructs other than creativity, so long as the rest
of the details about the process remain the same. For example, students could use the four phases
to examine how CT (or any alternative construct) appliesto their future professions; how

creativity appliesto theirstudies (or alternative contexts); or to furthergeneralise the overall
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journey - how construct X appliesin context Y. Overall this framework contributes an example of
applyingthe process of CT to pre-existing beliefs with the purpose of challengingthe beliefsand

refiningthem.

Lastly, a framework that educators may be unaware of is a two-phase framework Edwards
created to help promote CT in nursing (Edwards, 2007). It has beenincludedinthis review
because nursing education has a long-standinginclusion of CT in theirclassrooms since nurses
needto “deal with rapid change” (p.303) and generate and justify solutions forsituations with
complex criteria on a daily basis. However, the real value of this framework to non-nursing
educators is that it is thorough and actionable because the model was generated to be rigorous
enough support sound decision making inthe life and death contexts that nurses encounterin
theirworkplace. The framework has 12 stages that are brokeninto a decision-making phase, anda
reflection phase. The framework s self-described as “flexible and dynamic” (p.309). It highlights
the cyclical nature of CT, and how the judgements and generation of knowledge through one cycle
can strongly influence the opportunitiesinthe nextcycle. For example, Edwards notes that the
evaluation of phase 1’s solutionin phase 2 “may encourage [the generation of] new policiesand
procedures” (p.309). This generation of new ideas can then affect phase 1, by adding to the list of
possible alternatives fornursesto choose from when determiningthe besttreatment plan to
follow. Phase 2 also involves nurses evaluating the outcomes of their previous decisionsand
actions, which serves to increase that individual’s subjective and objective nursing knowledge for
the nextround and may help them to recognise gaps in their previous decision-making process. It
also helpsthemto improve theirthinking. Overall this framework is useful, because it models both
the judgment process and the reflection process of CT, whereas other approaches or definitions
may only emphasise one of these. The summary used to outline the framework (see Edwards,
2007, p.308) is also advantageous because the language is accessible and only needs minor
adaptations to be made applicable to areas other than nursing. For example, by replacing ‘nursing
knowledge’in phase 1: step 3 witha more relevantdiscipline area. Phase 1: step 6 (concerning
potential sources of conflicting values and approaches) would also need a few adjustments to
direct students’ thinkingtowards ideas that are appropriate to the adapted context. The main
criticism of the Edwards (2007) frameworkis that it does not promote itself as adaptable, so non-
nursing educators may overlookit. Especially since perception surveys such as Shell (2001) and
Stedman and Adams (2012) have indicated that educators have a limited amount of time to search

forinformation on CT and are often untrainedin CT development (sothey may not know how to
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analyse frameworks or definitions especially those that do not invite them to do so). The
perceptionsurveysalso indicated that educators gather working knowledge alongthe way (Black,
2009), so this means they need conceptions that are easy to understand and tools and

frameworks that are easy to use.

Frameworks are effective when actualising, disseminatingand transforming concepts and
tropes such as CT. They are capable of containinglots of differentaspectsrelatedto CT. Theycan
elucidate the components, the process, and the expectations to determine if CT has occurred.
Further, because frameworks are actionable, they can help overcome the barrier caused by the
disconnection betweentheoryand practice. In general, the major criticism of all of these
frameworksis that many are based on a particular definition of CT. This is problematicbecause
there is still not a consensus definition on CT, which means these frameworks may not be widely
applicable, especiallyif the educator has a differentappreciation of the construct of CT. In some
cases, these frameworks also introduce confusion about CT by adding extra layers to CT rather
than simplifyingit; or they oversimplify it, failing to justify why it excludes an aspect that other
theoriststhink isimportant. Until these frameworks and definitions are capable of dealingwith
the areas of contention about CT, doubt about CT’s definition will remain. So even with the
extensive literature on CT, because of unsettled opinions, there remains a need for some
additional purposeful, reasoned thinking on CT (specifically with regard to how to navigate,
organise and explainthe CT process generally and also explain how it might vary in different
disciplines). The new definition and framework introduced in the next Section 1.2.4 (butdiscussed
extensivelyin Chapter2) was developedto address these needs by supplyingterminology and

organisation to the construct while leavingthe details opento adaption by the educator.

1.2.4 Product of CT, process of CT and a new CT framework

Despite multifarious and sometimes polarising views about CT, recent reviews have
improvedthe degree of clarity (Bailin, 2002; Moon, 2007; Lai, 2011a; Niuet al., 2013). Bailin
(2002) providesa science perspective and makes a strong argument for the fact that itisthe
"quality" of thought "which distinguishes critical from uncritical thinking" (p.364). Moon (2007)
highlightsthe needfor "clarity and precisioninlanguage and ideas" and "persistence" notingthat
— CT is"more than aset of skillsand processes" (p.54) and “many adept thinkers can manage
without... learningall the critical thinkingskills...and [acquiring] the concepts” (p.54). Lai’s review
(2011a) givescritical insightinto the shared ideas scholars have about CT, as well as highlighting

arguments around the general and domain-specificaspects of CT. Niuet al. (2013) provide a
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definition that mergesskills and dispositions, expressing CT as “intellectually engaged, skilful and
responsible thinking” that “requiresthe application of assumptions, knowledge, competence, and
the ability to challenge one’sown thinking” (Niu et al., 2013, p.115). These four approaches merge

key components of the existing philosophical, psychological and educational perspectives on CT.

What is noteworthy about this set of perspectivesis that all authors (Bailin, 2002; Moon,
2007; Lai, 2011a; Niuetal., 2013) put a high degree of focus on the ‘product’ of CT - this being the
‘response’ that shows evidence of engagingin the process of CT. By adding this ‘product focus’
into the mix of the assortment of previous definitionsit becomes possible to see how it could be
useful to approach defining CT as a process, whose stages can be inferred fromthe product to
which it givesrise. But how does this product or response show evidence of engagingin the
process of CT? The Paulianapproach would considerthis thought product to display “clarity,
accuracy, precision, relevance, depth, breadth, logical, significance and fairness” (Paul and Elder,
2006a, p.5). Howeveras explainedinthe previous section, the Paulian definition emphasises
standards of thinking, with its purpose for critically thinking beingto improve the thinking. While
the Paul-Elderframeworkis a useful tool to judge the quality of the thinking, it fails to fully resolve
the non-metacognitive aspects of the product of the CT process. Therefore, to look at the
cognitive component (or the act of knowing), consider Facione’s perceptive on CT, which has more
elementsthat could be evaluated. This perspective considers CT as a process of “purposeful, self-
regulatory judgment” that usesthinkingskillstoexplore the “considerations on which that
judgmentis based” (1990b, p.3). Through this approach, evidence of engagingin the process
wouldinclude judgementand explanation. There is also the potential to explore the thinkingskills
used along the way. By combining Facione’s aspects, the notion that judgment without reasoning
is opinion; and Peirce’sideas about doubt drivinginquiry as it searches to “settle an opinion”
(Peirce, 1872, p.6) - it becomes possible to derive CT as reasoned thinking whose purpose is
seekingresolutionfordoubt. If this is the case, then the product of CT is understandingthat can
be usedto resolve uncertainty (or usable knowledge). Further, to be capable of settlingan
opinion, thisusable knowledge would need to be well founded. This would mean exploringthe
construction and validity of the information as understanding and judgments around the issue are

generated, or simply put, beingable to explain why you know what you know.

Returningto theidea of describing CT in process form, it becomes possible to see how
constructing a framework definition incorporating the purpose, process and product of CT could

leadto aclearer explanationthan tryingto assemble lots of detailed attributesinto defining
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sentences. Using these particular elements also embodies the etymological roots of CT. For
example, the Greek word for “critic’ is kritikos, meaningbeingable to make judgements (Harper,
2018a); its Proto-Indo-European roots (krei*) means “to sieve...discriminate, distinguish” (Harper,
2018b); and its adjective form (krinein) means “to separate, decide” and “judge” (Harper, 20183,
2018b). The history of this concept is grounded in having a purpose (sieve and judge), a process
(separate, discriminate, distinguish and decide) and a product (judgment). As such, a framework
definition has been generated, whereby the purpose isto resolve doubt though inquiry, the
process uses thinkingskills and criteria to inquire, and the product is a reasoned, reflective
judgement pertainingto the inquiry. Or perhaps more eloquently: Critical thinking is a purposeful
inquiry process that involves the deployment of thinking skills and criteria (appropriate to the
context) to make reasoned, reflective judgments and transform information into useable

knowledge to resolve points of uncertainty.

Since the purpose of the literature review is to discuss other scholar’s ideas to frame the
doctoral research, further explanation around this framework definition and the framework
elementsare covered in Chapter 2. Instead, the discussion now shiftsto the development of CT
and the Delphi panel'srecommendations (Facione, 1990a, 1990b) about the actionable qualities of
CT. However, itis first worth reflecting on the role of this new framework compared to existing

constructs.

Flores, Matking, Burbach, Quinn and Harding (2012) suggest that “thinkingcritically about
critical thinking should allow one to process the dialecticnature of various constructs into a more
integrative whole” (p.216). My new definition and framework achieve this by helpingto unify and
incorporate existingideasabout CT rather than adding yetanother perspective. They provide a
way of organisingand incorporating existingideasintoa process form that can be used toreach a
clarified view that is adaptive to context. This enablesthe new framework definition to avoid
some of the drawbacks of other approaches. The new definitionis specificenough to clarify what
CT isand why the process is undertaken, yet general enough to be adaptable to pre-existing
concepts about each of the elements. Soinstead of trying to re-inventthe wheel, itis intended to
enable usersto take the existing wheels and construct the car. The non-specificity of the broader
characteristics in the definition meansthey can ensure the car's features suitthe user's needs, yet
the inclusion of core components means that the car will always remain recognisable as a mode of
transport (orinthe case of CT, recognisable forits purpose as a mode of thinking).So the power of

this new approach is that the contextually specificdetails do not matter, so long as the broader
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characteristics (havingcriteria, being reflective, deploying thinkingskills) and the thought product
of the judgment process [the deeperthinking, reflection and understandingarisingout of the
initial thinking or reflection], remain central to determining what constitutes critical and uncritical

thought.

Having an adaptable framework of the core and common characteristics of CT empowers
practitioners to choose the detailsabout the elements that are relevant to their context. For
example, allowingthe discipline areato guide the features about the expected standards of
thinkingand the qualities of valid reasoning and judgementincreases the applicability of the CT
process to the learnersas well as improving the quality and validity of the resultingjudgements for
that context. This approach also has the advantage of generatinga more contextually appropriate
and valid thought product, meaninga stronger discipline-based understandingabout the issue
underinquiry will be generated. Given both the variationin demand for particular thinking skillsin
differentlearning domains and the multifaceted nature of CT, this new framework may be as close

to a consensus on the construct of CT as can be achieved.

1.3 Developing CT skills

The ongoing discourse about the nature of CT extendsintothe development of CT skills
and dispositions (Kuhn, 2019). Theorists have contemplated both the context and methods for CT
development (Norris, 1989; Lai, 2011a). There has been ongoingdiscussion about the influence of
implicitversus explicitteachingapproaches (Sternberg, 1986 and 1987; Ennis, 1989; Halpern,
1999; Abrami etal., 2008; Marin and Halpern, 2010; Abrami et al., 2015); and if educators should
focus on the skills generally (Halpern, 2001; Van Gelder, 2005; Robinson, 2011); the skills
integrated with discipline-specificcontent (McPeck, 1981; Paul,1992; Willingham, 2007); or using
a “mixed-model” approach (Sternberg, 1987, p.255). However, with varying levels of success from
similardevelopmentapproaches (Abrami et al., 2008, 2015), and conflictingdata (Gellin, 2003;
Behar-Horenstein and Niu, 2011), the development of CT seems elusive. This section considers the
nature of CT development;includingthe differenttheoretical perspectives as well as barriers to
developing CT; various approaches for developing CT; and CT developmentin Australian

education.

1.3.1 IsCT developable?
CT isseenas a skill-setthatis important for the success of future generations (Pithersand

Soden, 2000; Shehab and Nussbaum, 2015; Sellarset al., 2018), therefore there isa general
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acceptance that it can and should be developedinallindividuals through their educational
experiences (Dewey, 1910; Facione, 1990a; Ennis, 2018). However, some of the philosophical
rhetoric about the qualities of a critical thinker portray CT as more of a fixed orinnate ability,
expecting consistentdeploymentand displays of CT by critical thinkers for them to be named so
(Facione, 1990b; Paul, 1992; Paul, 2005). In addition, some theorists such as Orstein and Hunkins
(2004) have suggested CT developmentcan only occur at the formal operational Piagetian stage
since it requires abstract reasoning, and therefore if the student has not achieved that stage they
will not be able to think critically. However, Shillady (2011) believes that “children are
investigators—born with an innate desire to explore and understand the world” and display
dispositions often associated with CT such as “curiosity” and “inquisitiveness” (2011, p.12).
Further, ina study by Bascandzievand Harris (2010) 3.5-year-old children were found to improve
the accuracy of their predictions through visual and verbal training in cause and effect
relationships, sonot only are pre-operational stage children both fascinated by and capable of
problem-solving, butthey can also improve at it. While Piagetian perspectives such as Orsteinand
Hunkins’ (2004) could imply that CT is not somethingthat can be developed, this beliefis not held
by the majority of theorists. In fact, “teaching thinking” has been a “long-term aspiration”in
education (Glaser, 1983, p.30). When examiningthese arguments about what itmeans to be a
‘critical thinker’ itis important to note that the dialogue is actually focused on the deployment of
CT skills across time and space, not how they might be acquired. Whereas discussion about the
development of a critical thinkerin the literature tends to focus on ‘what, where and how’ the
various components of CT can be developed. The dialogue is more about how to enhance the

development of these skillsand dispositions, notif they are developable atall.

1.3.2 Developmental considerations regarding the nature of CT

There are common ideas about the core thinkingskills educators desire students to
possess (see Definitions Section 1.2). However, there are differentideas about the ways to help
students acquire and develop them. The main approaches concerning CT developmentwere first
classified by Ennis (1989) and are often referred to as Ennis’s typology of instruction (Behar-
Horesteinand Niu, 2011). These classificationsinclude a general approach, two variations of an
embedded approach, and a mixed approach. The general approach overtly and only teaches for
skillsand dispositions related to CT (Ennis, 1989, p.4). This can be donein concrete or abstract
form. The concrete format presents general CT principles explicitlyand explores theirapplication

to content (which could be subject-specificorjust general examples); whereas the abstract format
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just focuses on general CT principles without exploringtheirapplication to content. The
embedded approaches, implantskills and dispositions within course content, but vary by whether
the general principles are explicitor not (Ennis, 1989, p.5). Lastly, the mixed approach blendsthe
explicitteaching of CT skills and dispositions with subject-specificschool contentand "non-school"
contexts (p.4). For a summary of the core differences between these instructional approaches see
Table 1.4.

Table 1.4 Summary of the differences between theinstructional approaches in Ennis's typology. Note. Reprinted
from ‘Critical thinking and subject specificity: Clarification and neededresearch’ (Ennis, 1989, p.5)

Removed due to
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Recent evidence shows that to maximise the chance of successful deploymentand
execution of CT skills, acombination of general and discipline-specificlearning opportunities need
to be provided (Abrami et al., 2015). This would be consistent with a mixed approach according to
Ennis’stypology. These findings complementthe Delphi panel’s recommendation that educators
should “be guided by a holisticconceptualisation” (Facione, 1990a, p.4) to create learnerswho can
successfullyintegrate and execute CT skillsin their “studies” and “everyday lives” (p.4). However,
because Abrami et al.’s (2015) meta-analysisresults are recent (relative to the publication cycle),
the impact of thissummative evidence isnot yet seenin the approaches taken in the literature.
Instead, existing classroom-based studies are formulated from a vast number of definitionsand
approaches, with some focusingon general skills ordispositions; some usingembedding CT
attributes within content; and others using a more blended style. However, there is another
matter to explore which receives a lot of attentionin the literature regarding choices around
instructional approaches. It can help unpack why the mixed approach produced the greatest effect
in the Abrami et al. meta-analyses (2008, 2015). It pertainsto the role of general and domain-

specificcontent and the deploymentand transfer of CT skills.

The facets of CT include knowledge, thinkingand reasoning (Glaser, 1983, 1984). There is

no way around acknowledgingthat itinvolvesa number of different cognitive skills which are
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valuedin multiple settings. Butunderstandingthe development of CT isincreasingly complicated
by the fact that these CT skills become conjoining cognitive processes toreach a point of
discerningjudgment. As a result, it becomes unclearabout if and how to separate the parts of CT,
whilstallowingitto remain ‘reasonedthinking’, and not just ‘thinking’ or ‘undiscerningjudgment.’
A large portion of the literature is dedicated to discussinginstructional approaches and whether
CT issomethingthat should be taught exclusively from subject matter; along with subject matter;
or embeddedinsubject matter. However, what this debate really revolves around is the relevance
and application of CT skills across learning domains. Generally, the arguments get broken down
into general and discipline-specificideas concerningthe developmentand transfer of CT skills. Isit
a general ability as Halpern believes (2001); isit domain-specificability (McPeck, 1981); or isita

general ability that is more readily developable in domain-specificcontexts?

Teaching for CT as a general ability

Generalists believe that CT consists of a set of genericskills, abilities and disciplines which
can be applied across a broad range of contexts and circumstances (Bailinand Siegel, 2003).
Generalists such as Paul (1985), Halpern (2001), and Van Gelder(2005) contend that students
need deliberate practice in exercising CT skills and abilities, and imply that this type of practice can
be bestachieved when CT is taught as a separate and explicit part of the curriculum. In a position
paper, Greiff et al. (2014) suggested educationin the twenty-first century “should equip students
with domain-general problem-solving skills in addition to domain-specificfactual knowledge and
problem solving strategies” (p.74). However, Greiff etal. (2014) argued that “contemporary
education systems fall short” (p.74) in equipping students with domain-general aspects because
the “discipline boundaries” impede the amount of attention givento “cross-curricular skills ...
general conceptual frameworks and intellectual skills [such as information processing, reasoning,
self-regulation, metastrategicthinking, decision makingetc.]” (p.75). Greiff et al. (2014) does not
use theterm CT in their paper; however, the descriptors and cognitive abilities they assignto
“domain-general problem solving skills” are comparable if not the same as the components of CT

as described by Facione (1990a, 1990b) and other theorists (Ennis, 1991; Paul and Elder, 2006a).

In the generalist perspective, CTcan be considered as an “umbrellaterm,” which in its
normative sense refersto how thinkingis carried out (Bailinand Siegel, 2003, p.188). However,
one main problem with, and criticism of, this approach is achievingthe successful deploymentand
application of the cross-curricular cognitive abilities from the general context into the domain-

specificones. There is uncertainty about whetherthis requiresintervention [scaffolding or training
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in domain-specificareas], or if students have the intellectual flexibility to do this themselves? The
Organisation for Economic Co-operation and Development (2014) acknowledged that mastery of
reasoningskillsis evidentwhen students are “motivated to engage with unfamiliar problems” and
can “solve problems [outside of their expertise] efficiently” (Organisation for Economic Co-
operationand Development[OECD], 2014, p.29). However, as previously discussed by a number of
theorists (Brown, Bransford,, Ferrara and Campione, 1982; Glaser, 1983, 1984; Ennis, 1989;
McPeck, 1990; Halpern, 1998) getting this effective and efficienttransfer of CT abilities to occur
can be challenging. More recently, Willingham (2007) noted that students may exhibit CT skillsand
abilitiesin one domain, but fail to do so in another. Angeli and Valanides (2009) found that general
approaches have low transfer success unless the particular context had been scaffolded for the
student because the students compartmentalise the knowledge they have gained to that general
context.So itseemsthe generalistapproach leavesitself opentothe possibility of poortransfer of

CT skillsunless some training also occurs in domain-specificareas.

Lastly, thisgeneralistview is criticised because what constitutesvalid evidence and
knowledge varies with the context (Bailin, 2002; Weinstock et al., 2017). Dunne (2015) positsthat
itis difficulttoexplore how generalisable CTis because there isa needto consider both relative
and absolute positions. He questioned whetheror not the application of the same criteria by two
individuals to the same ethical dilemmawouldlead to the same conclusion. Furthermore, he
reflected on whether "the merits of reasons are the same in all contexts" (2015, p.90) and if time
plays a factor. Discipline ordomain-specificcriteria could bring clarity to Dunne's ponderings
because they bring in rules about how general thinking criteria should be applied and show how
reasoning processes can be different butstill valid. Ennis aptly notes that "CT cannot occur
without "content" but you can "teach content-free" CT principles (1989, p.9), recognisingthatitis
the context, not the content which frames the intellectual demandsand achievementstandards in
that learningdomain. In education settings, the ‘context' is readily framed through subject-specific
content and criteria. This role of subject-specificawarenessin CT is explained more in the next

section.

Teaching for CT as a domain or subject specific skill

When reporting the Delphi panel’s findings, Facione commented that “too much of value is
lost if critical thinkingisseenas a list of logical operations and if domain-specificknowledgeiis
seen as an aggregation of information” (1990a, p.5). Domain-specifists’ note thatthe essence of

CT is “rationality” (Siegel, 1988), and to employ “good judgment” (Lipman, 1987, p.39), and
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identify that knowledge and contextare crucial to this discerning process. Proponents of this
domain-specificapproach believe there needsto be a content-based or ‘discipline-specific’ aspect
to CT. This helpsto set the frame for contextually relevant knowledge and skills (Ennis, 1989;
McPeck, 1990; Weinstein, 1995; Willingham, 2008; Weinstein etal., 2017). Domain-specifists place
a highvalue on the niche variationin the criteriaand standards across disciplinesand how they

govern what constitutes ‘sound decision makingand judgment’ within differentfields.

Green and Yu (2016) have reflected that “successfully addressing” certain concepts
(understanding the personal and global impacts of political policies when decidingwho to vote
for), can require “deep disciplinary knowledge” and also awareness of “how expertsinthose
disciplines engage” withinthe content of their field (p.46). Ku and Ho (2010) found epistemic
knowledge to be important for metacognitive strategies notingthat “having only an awareness for
the needto apply metacognitive strategyis not enough for good performance; one must also
know when, how and which strategy to use at different contexts” (p.253). The same istrue of CT —
if general awareness of CT strategies was sufficientto facilitate the appropriate deployment of the
CT strategies withinany learning domain, there would likely be more evidence of success from
general CT courses. Yet the evidence does notreflect this transfer (Angeliand Valanides, 2009).
However, it is really not surprising that transfer from general courses is low, because the
constraints that shift ‘thinking’ into ‘critical’ thinkingin a specificlearning domain come from
specificcontextual knowledge, soit isalmost unreasonable to expectthat a student trainedin the
genericskills could transfer these abilities without also having awareness of the applications and

constraints in the more specificdomain (Brown et al., 1982; Dumitru, 2012; Wall, 2015).

Ultimately, domain-specifists believe that each field maintains a unique set of parameters
that define high-quality thinking (Green and Yu, 2016), so eventhough the core thinkingtraits
deployedinthe process of decision making and judgments might be the same as other learning
domains, domain-specifists would argue that it is the specificcriteriathat shapesand equates to a
sound thinkingin that field which demands some degree of specificknowledge to produce the
most ideal outcome (Possin, 2008; Robinson, 2011). Golding (2011) wentso far as to try to "side-
step the [general ability/ discipline-specific] debate" (p.360) when generating a skills-based
approach to CT development, yetthe resulting pedagogical strategy he put forward was "based on
discipline-specific" thinking (p.361). Golding does make note of this but also commented that his
method "applies equally well" to both approaches (p.360). However, because he did not supply a

definition nora means of assessmentfor his approach, the question of ‘how can one compare the
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success of hismethod in eithera domain-general or discipline-specificsetting?' remains
unresolved, and so the argument for discipline-specificlearningremains. Yet the majority of this
rhetoric on domain-general courses versus domain-specificteachingfails to recognise that it may
be afalse dichotomy. Davies (2006) argued that generalistand specificapproaches are
complementary, and further suggests that makingit a two-sided choice involves a"fallacy of false
alternatives" (p.180). Greiff et al. (2014) acknowledged the role of both domain-specificand
domain-general problem- solvingskills, but expressed that more effort should be directed toward
developing"cross-curricular" (generalisable) skills (p.80). Ennis, a generalist, has alsoreflected on
this “either-or” position and now represents these concepts on a “rough continuum with clear
examples at eitherend” (2016, p.30) noting that thereis a role for both sets of abilitiesand

dispositions. The contributions each perspective could offerare explored further below.

Blended approach to CT development

The struggle to generate a consensus definition of CT, and the ongoing discussion about
the domain-general and domain-specificattributes of CT, highlightthat CT is a process with both
broad and specificapplications. There is value in possessinga range of CT skillsand knowingwhere
they can be applied, justas itis helpful to possess othergeneric capabilities such as how to read,
write and count (Facione, 1990a). As Sternberg (1986) pointed out, the language may vary but
most authors would agree that there isa common set of thinkingtraits which assist in sound
decision making and judgments no matter the discipline. Itisin the finerdetails where the
disagreements exist, specificallyin the role of a learningdomain in shaping the values, criteria and

standards that amount to ‘sound judgment.’

Glaser (1983, 1984), McPeck (1990) and Facione (1990b) have acknowledged that whilst CT
skills are general enough to transcend disciplines/subjects; domain-specificknowledge is
sometimes required to successfully deploy CTskillsin specificcontexts and make reasonable
judgments. Puolimatka (2003) furthernotes the value of discipline-specificknowledge
commentingthat “one cannot be critical in any field without being closely acquainted with it”
because “one cannot employ skills of critical thinking constructively and creatively” without
considering “existingknowledge” (p.11). This statement is not tying any specificCT skillsto a
discipline (the skillsthemselves are general) howeverit expressesthat the effectiveness of their
applicationis related to knowing which ideas to challenge. That is, knowledge and knowledge of
one’signorance is what CT acts on and from, so some awareness of that disciplines foundational

knowledge is neededto undertake and produce thinking which is acceptable to that field’s criteria
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and standards. Glaser (1984) recommends “teaching specificknowledge domainsininteractive,
interrogative ways so that general self-regulatory skills are exercised in the course of acquiring
domain-related knowledge” (p.30). This perspective recognises that the crossover of the thinking
skill set presentsan opportunity to scaffold generic skills whilst gaining discipline-specific
knowledge. To this end, domain-general CT courses could offera platform for discipline-specific
areas to work from; or CT could be taught both generally and through domain-specificexamples
within one discipline-based course. However, Golding’s approach (2011) sat somewhere between

these two.

Golding (2011) focused on educating for thinkingskills such as "inquiring, problem-solving,
argument analysis and construction, uncovering and evaluating assumptions, justification,
interpretation, and questioningreceived wisdom" (2011, p.360) to develop what Perkins'would
term ‘reflective intelligence' (Perkins, 1995). Golding presented a modified version of Paul's (1995)
Socratic questioning strategy as the vehicle for developing CT skills, which he feels "creates an
educative community of CT where students ask and answer thought encouraging questions"
(p.361). Golding's Socratic questioning methodis different. Unlike Paul's method, they are not
intended to lead students to "understand predetermined content" (p.365), instead, it uses a
community of inquiry to educate for CT skills, dispositions, epistemicunderstanding, content
knowledge and the criteria for successful CT (Golding, 2011). Golding's method reframesthe value
of content — highlighting that "know how" (skills) or "knowing about" (content) are not sufficient
to make studentsa critical thinker (p.358). However, these notions of open-ended content do not
suit the ‘breath of knowledge approach' displayed through most education systems. As a result,
Golding's methods present content challenges many educators may not wish to face at thistime.
Further, Golding's article is entirely theoretical, and thisis another concern, as educators want to
know how theorytranslates to the classroom, in addition to how it can be assessed and what

results are achieved.

Returningto broader developmental considerations, Sternberg(1985), Ennis (1997),
Facione (1990a, 1990b), Paul (1992), and Kennedy et al. (1991) are all advocates of a mixed
approach, and thereis growing evidence to show this practice produces the largest effecton CT
development (Abramietal., 2008, 2015). Facione noted that “the experts could not deny one of
the bestways to learn CT is within a subject context” (p.14), however, the experts also suggested
that because CT has “applicationin all areas of life” (p.4) “a solid liberal education” (p.5) using

“explicit”and “direct instruction” (p.14) of CT in different contexts would provide the best
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opportunities forstudents to developinto critical thinkers. Kennedy etal. (1991) recommended
using a mixed approach after reviewingexisting research and concludingthat there is not
sufficientevidence to supportthe superiority of any one method. In their meta-analyses, Abrami
et al. (2008, 2015) identified thata mixed approach (teachinggeneral CT skills with concurrent
teaching and scaffoldingin discipline-specific contexts) had the largest positive effecton CT
development. The literature ontransfer also supports the inclusion of domain-specificscaffolding
alongside domain-general teaching, as the spontaneoustransfer of CT abilitiesis unlikely (Pithers
and Soden, 2000; Willingham, 2007). However, when Abrami et al. (2008) and Behar-Horenstein
and Nui (2011) conducted theiranalyses, theyidentified many confoundingvariables which made
it complicated to identify the true effectiveness of interventions. Were the effectsthat were seen
due to the learning environment, instructor training, instructor experience, instructorknowledge,
student-instructorinteractions, student-studentinteractions, duration of intervention, the
assessmenttool used or the research design (true experimental, quasi-experimental or pre-

experimental)?

Some answers were gained from Abrami’s (2015) recent meta-analysis where the group
reduced the number of confoundingvariablesto explore the effects of the teaching approaches at
a deeperlevel. Inthis meta-analysis, ageneral approach on itsown (explicit teaching of CT skills
separately from other content) was alsofound to be mostly ineffective, and an implicit across
curriculum approach had the smallest effectsize, providing furthersupport for a blended
approach. The Delphi panel did not have this evidence base, but through theircollective
experience were able to foresee that limiting both the breadth of experiencesandinclusion of
particular CT components would be to the detriment of CT development (see Facione, 1990b,
p.10). The panel cautioned that “the education of good thinkersis more than training studentsto
execute a set of cognitive skills” in addition to commentingthat an ‘either-or’ approach to
domain-general and domain-specificabilities “truncate its utility... and value” (Facione, 1990a,
p.14). However, the evidence to support these recommendations was not found early enough to
assist the permeation of these messages and preventthe apparent attrition of CT developmentin
education (Pascarellaand Terenzini, 2005). But in light of the accruing evidence supportingthe
Delphipanel’sideas about instructional approaches, it seemstimely to consider whetheranything

else can be gleaned from the other recommendations the panel made about CT development.
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1.3.3 Influence of the Delphi panel’s recommendations (Facione, 1990a) and corresponding
barriers influencing CT development

The initial purpose of the Delphi panel (Facione, 1990a, 1990b) was to contribute ideas
about the developmentand assessment of CT skills. So while a definition emerged from the
various iterations and debate of what is and is not CT, the intended purpose of the study was to
guide goal settingto improve CT and inform high-quality education practice. Recommendations

(R) according to Facione (1990a), CT instruction should:

e equipstudentsfor good thinkingand judgmentin theirlivesas well as the classroom
(see p.4—R1).

e provide opportunitiesforlearningthe procedures and also whento apply them indifferent
contexts (see p.5 - R3, p.17 — R14).

e modeland nurture the critical spirit, not just the cognitive skills (see p.11— R4, p.13 R5, p.14 -
R6, p.14 - R7).

e be an explicitinstructional goal throughout the K-12 curriculum (see p.15 — R9, p.15 - R10).

e have minimum proficiency expectations to proceed through each education level and stage
(see p.16 - R11).

e fosterconfidencein students’ own powers of reason, rather than dependency on rote
learning (see p.18 - R15).

Many classrooms are characterised by rote learningand assessment, and focus on
cognitive skills and accepting knowledge rather than challengingit (Paul, 2005). Commentators
have noticed that “teachers are having difficulty teachingfor CT” (Shell, 2001, p.287), and
“students may be more interested in the grading practices of their teachers” rather than gaining
the “skills necessary for effective learning” (Choy and Cheah, 2009, p.199). There isa perception
that the deliberate development of thinkingskillsis “rare” (Vainikainen etal., 2015, p.54). This
apparent lack of penetration of Facione’s recommendationsinto classrooms is disappointing,
especially since it contrasts to the widespread use of the Delphi-panel’s consensus definition. In
many ways, it issimilarto Bloom’s educational handbook being “one of the most widely cited yet
leastread booksin American Education” (Anderson, Sosniak, and Bloom, 1994, p.9). However,
Paul (2005) has describedthree “serious” obstaclesimpacting the successful development of CT
and inhibiting “long-terminstitutional change” (p.27) — educator ignorance of a “substantive
concept of” CT (p.27); educator ignorance of the deficitintheir understanding of CT and
subsequentteachingfor CT; and ongoing use of traditional teaching methods, despite “reform

efforts” (p.27). What is keepingthese obstaclesin place?

Williams and Burden (1997) explainthatan educator's perception of their rolein the

classroom — as eitherfacilitators of learning or disseminators of information— shapes how they
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incorporate CT into the classroom. The fact that perceived content coverage demands are
frequently cited as a barrier to including more CT developmenttime in the classroom, indicates
that the majority of educators see themselves (ortheir priorities) as disseminators of information.
However, what this perspective fails to note is that this classroom-identity is not necessarily self-
generated. It may be an artefact of the education system because if CT developmentisnotvalued
at an institutional level it makesit harder for educators to prioritise it. For example, Aliakbari and
Sadeghdaghighi (2012) identified that 60-78% Iranian educators surveyed feltthat CT was not a
“primary objective of theirteaching,” nor a “university priority” (p.4). Prioritisation of ‘information
dissemination’ ratherthan an identity of ‘learningfacilitation’ could be responsible forthe lack of
proficiencyin CT. However, failure to overcome these obstacles and successfully incorporate
intentional CT developmentinto education could also be due to the majority of educators not
understanding how theirteaching methods may be impacting CT in the first place. Yet these
educators may not realise that by not providing sufficient space for thinking about content, that
very content is either “unlearned or mis-learned” (Paul, 2011, p.19). They may believe that
“whatever problem existsinthe learning process isthe fault of the students or beyond their

control” (Paul, 2011, p.34).

Reflecting on his experiencesin education, Paul (2005) expressed that “few faculty
recognise what it takes to transform instruction so that students use their thinking to take
ownership of course content” or to “think analytically” about content (p.36). For example,ina
study of educators in California, it was found that only 9% “were clearly teaching for critical
thinkingon a typical day” despite 89% claiming CT as “a primary objective of theirinstruction”
(Paul et al., 1997a, p.18). Schneiderand Miller (2005) reported similarfindings with 93% of
academics indicating CT was a course focus, but only 6% of seniors were proficientat CT (as
identified through standardised testing). Aliakbari and Sadeghdaghighi (2012) identified only 10%
could “explaintheirdepartments definition of” CT (p.3). Black (2009) identified that many UK
educators teaching CT courses have no prior specialist CT subject knowledge, instead acquire
working knowledge alongthe way. Other perception studies (Shell, 2001; Choy and Cheah, 2009;
Stedman and Adams, 2012; Alwadai, 2014) found that faculty members lacked knowledge and
understanding about CT. Previously Paul (2005) suggested “when faculty have a vague notion of
[CT] theyare largely unable to identify ineffective teaching practices or develop more effective
ones” (p.27). This was confirmed by Abrami et al. (2015) whoidentified thatteacher trainingin CT

methods was an important factor in successful CT development, and those without training were
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generally unsuccessful. Soit is likely this lack of awareness and understanding could be
responsible for maintaininga culture of recall rather than reasoned thinking. But why are teachers

unaware of CT and its methods, given that there isso much scholarshipon CT?

Despite the efforts of the Delphi panel, the ongoinglack of consensus definition (see
Section 1.1) could be compoundingthe general ignorance. Educators might be unsure how to
navigate through the various theoriesand opinionsin the literature; or might be too time poor to
keep up and modify theirpractice in line with more recent findings (such as those by Abrami et al.,
2015). A number of researchers have investigated educator perceptions of CT to identify why
development continuestoremain a challengingtask for educators (Paul et al., 1997a, 1997b;
Shell, 2001; Schneiderand Miller, 2005; Choy and Cheah, 2009; Black, 2009; Aliakbariand
Sadeghdaghighi, 2012; Kowalczyk et al., 2012; Stedmanand Adams, 2012; Aldwadai, 2014). With
the main barriers identified astime (for both developing CT content, and also teaching CT
content); student resistance (motivation, and engagement with CT teachingapproaches); training
(limited knowledge orlow confidence about CT and effective teachingstrategies); plus, alack of
resources or support. These barriers seemto be similaracross education systems, education
levels, and teaching domains. For example, Black (2009) reported that UK school teachers faced a
number of barriers when introducing CT into schools including: working from insufficient training
and resources; minimal timetable allocation compared to other courses they teach making CT
difficultto prioritise; needingto change student motivation (and perceptions of the difficulty
about the course). Similarly, Kowalczyk et al. (2012) identified accessto appropriate teaching
materials; high workload; a lack of student motivation as well as resistance to CT teaching
methods; and overall confidence inskill levels forimplementing the CT strategies, as major
obstacleswhen investigating barriers to implementing CT development strategies among nursing
program directors inthe US. Paul et al. (1997a, 1997b) foundthat there was a needto increase
educator awareness of the conceptions of CT; awareness of methods for incorporating CT into the
classroom (both general, and within discipline areas); and also improving support and trainingin
CT (forcurrent and prospective educators), when they surveyed Education, Art and Science faculty
at universities across California. So how is this lack of awareness and support, in addition to other

barriers, impacting educational outcomes?

Pascarellaand Terenziniinvestigated CT gains from college (1991, 2005) and found that
college doesimprove CT, however, the magnitude of the effect was smallerinthe more recent

study. Combining Pascarellaand Terenzini's results with their own investigations of college
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outcomes, Arum and Roksa feltthis might indicate that higher educationis becomingless effective
for developing CT(Arum and Roksa, 2011; Arum and Roksa, 2014). This does not reflectwell on
the dissemination of Facione’s work with the Delphi panel (1990a, 1990b), nor the perspectives
that have subsequently emerged (Ennis, 1991; Lipman, 1995; Paul, 1996; Facione, 2000; Hatcher,
2000; Pauland Elder, 2006a; Beghetto, 2002; Possin, 2002; Lipman, 2003; Paul, 2005; Duron et al.,
2006; Edwards, 2007; Almediaand Franco, 2011; Ennis, 2011a; Paul, 2011, 2012; Rabu et al., 2013;
Dwyer et al., 2014; Facione, 2015) —since instead of seeingan improvementin CT development,
there has actually been a decline. However, this apparent attrition may be a consequence of a few

things.

Firstly, Pascarellaand Terenzini’s (1991, 2005) method changed. They included a broader
range of assessmenttoolsin their second study (2005). This makestheir two studiesless
comparable because Hatcher (2013) found that different CT measures can resultin different effect
sizeseven whenthe course has remained unchanged. The likelihood of thisisincreased because
Pascarellaand Terenzini’s calculationsinvolved comparing standard deviations, so the potential
for increased variability around the mean would have changed with the inclusion of different

instruments.

Secondly, it could be due to language sensitivity or perhaps a language shift, rather than a
reduction of CT in the curriculum. Perception studies have indicated that many educators are not
trainedin the methods of CT, soitislikely that they may not be usingthe language of CT nor
understand why CT is not an emergent property of education. A consequence of this could be
what Mayer and Wittrock (2006) have described as the “hidden curriculum” (p.296) in which
educators expect problem-solving, but do not explain orteach for it. In these instances, the
transfer of CT skills onto generalised assessmentsis likely to go astray - students may misinterpret
guestions because they do not know the language of thinking; they may be unaware they have the
tools to solve the problems; or they may think they have appropriately and sufficiently responded
to the question, but have actually done so in an uncritical way. For example, Manalo and Sheppard
(2016) foundthat proficiencyin English had implications for CT performance for university-level
second-language learners whenimplementing CT strategiesin the learner’ssecond language. They
wenton to suggest that “students needinstruction on the specificlanguage forms and structures
to use to demonstrate critical thinkingin their written work” (p.41), which has broader

implicationsinlight of the apparent decline of CT language in the enacted curriculum.
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But does this issue rest solely with the educators or the education system? What level of
ownership do students need to take for theirlearning, particularlyin highereducation? From a
cognitive perspective, studying CT can pose more of a challenge than studying other content
because it is more abstract. The thinkingskills required are often characterised as higher-order
processes (Bloom et al., 1956; Kingetal., 1997; Barnett and Francis, 2012), they take time to
develop (Wall, 2015) and the prevalence of recall learning strategies will not help students gain
these skills. Many of these things are in educator control, so it would not be entirely unreasonable
to expectreforms to programming, or on a broader scale, to the education system. However, in a
number of studies on educators’ perceptions of CT development, educatorsindicated issues with
student engagement/participation and motivation when educators have tried to introduce CT
activitiesintothe classroom (see Shell, 2001; Choy and Cheah, 2009; Black, 2009; Aliakbariand
Sadeghdaghighi, 2012; Kowalczyk et al., 2012; Alwadai, 2014). There is a studentaspect to this as

well.

Weinstoc et al. (2017) suggests the disposition to exercise CT should not be
underestimated, because its deployment requires wilful intention and purpose. Miele and Wigfield
(2014) explored willingnessto engage in critical analysis and found that “positive beliefs about
theirability to accomplish tasks that require critical-analyticthinking, the extent to which they
value these tasks, and the goals they want to achieve by completingthem” (p.522) were all
important in motivating students. Silviaand Sanders (2010) suggest “interestis central to intrinsic
motivation for learning” (p.242); interest also encourages deeper processing (Krapp, 1999).

Dweck, Walton and Cohen (2014) explainthat “motivational” factors “can matter even more than
cognitive factors” whenit comes to “academic performance” (p.2). These findings indicate that
the dispositional aspects of CT, particularly self-reflection and if necessary self-correction, need to
become a part of the general experiencesin classrooms. This will help students see the purpose of
theirthinkingand learningand become more interestedinit. Whereas many of the current
approaches used for developing CTfocus on skills, and the dispositional aspects are treated more
like existing oran emergent set of traits, rather than something which could be targeted.
However, Wall (2015) suggestsit is not the skills, but rather the “habit of using them” that will
transfer (p.238). Educators needto spendtime fostering CT habits, not just CT skills. Dispositions
have beena core componentto definitions of CT since early conceptions, with the “reflective

thought” (1910, p.2) formingthe basis of Dewey’s perspective on CT.
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Numerous authors have highlighted the importance of reflection asa part of CT (Facione,
1990a; Ennis, 1991; Finocchiaro, 1996; Halpern, 1998; Facione, 2000; Paul, 2005). Yet there is still
a high degree of uncertainty about the development of these reflective habits, astheysitin the
broad field of metacognition, which like CT has a lot of theory and terminology foreducators to

consider. Some of these ideas are explored below.

1.3.4 Metacognition and CT development

When developingtheirconsensus on CT, Facione’s panel members (1990a, 1990b)
acknowledgedthe role of selfin CT, noting that self-examination and self-correction are important
components of CT. These self-management components are synonymous with aspects of
metacognition— another ill-defined concept with over 30 years of theorising (Akturk and Sahin,
2011). Metacognition is often described as thinkingabout one’s thinking (Flavell, 1979), and is a
monitoring strategy (Kuhn, 1999; Ku and Ho, 2010) that can alsoinclude planningand evaluation
among other skills (Brown et al., 1982). It includes knowledge of cognition and regulation of
cognition (Schraw and Dennison, 1994); and these metacognitive processesare considered

important for optimal thinking performance (Schraw, 1998).

Metacognitive knowledge (knowledge of cognition) is argued to improve thinking
performance by allowing problem solversto betterencode and representthe task ina problem
context (Davidson and Sternberg, 1998). Whereas, cognitive regulation helpsfacilitate learning
(Schraw and Dennison, 1994) by way of helpingthe learnerto organise, attend to and evaluate
theirthinking (Borkowski, 1996). Cognitive regulationisalso thought to help with the

management of affective states (Cross and Paris, 1988; Martinez, 2006).

Metacognitive processes are seen as distinct from cognitive ones because they bring
awareness and regulation, but not necessarily task fulfilment (Schraw, 1998; Kuhn, 2000).
Metacognition can occur before cognitive activities (planning), after cognitive activities
(evaluation), orthe processes can coincide (monitoring thinking while completing atask) (Akturk
and Sahin, 2011). Kuhn (1999) views metacognitive skills as “second-order” skills that “entail
knowingabout ... knowing” rather than just “knowing” (p.17). However, it is not as clear where
metacognition sits in relation to CT because CT has both cognitive and dispositional components.
Kuhn (1999) sees metacognition as “central to critical thinking” (p.23), providing a framework for
processingand respondingto information. Martinez (2006) seesCT as a type of metacognition.

Whereas, Schraw, Crippen and Hartley (2006) group CT and metacognition underthe umbrella
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construct of “self-regulated learning,” whichisthe “ability to understand and control our learning
environments” (p.111). Pintrich, Marx and Boyle (1993) provided seminal understandingabout the
link between motivation (self-efficacy and interest) and engagement with metacognitive
evaluation. Follmerand Sperling (2016) later confirmed metacognition's mediatingrole in self-

regulatedlearning. However, the same has not yet been done for CT.

Differencesinopinionstill existaboutthe hierarchy of executive functions, dependingon
whetherthe metacognitive processesare considered as thought monitors (acting on the thinking),
or if the cognitive CT skills are the way to achieve the thought monitoring (more of a
metacognitive loop where the CT skills drive more thinking and checking). However, Paul (2005)
suggeststhat CT “moves back and forth between cognitive” and “meta-cognitive” states (p.5).
Regardless of whether metacognition acts on, or from CT, essentially CT can be thought of as a
process for challengingknowledge. The literature suggests that expertthinkers would be efficient
and thorough at doing this; reflecting on existingideas and evidence, but also contemplating
potential weaknessesin one’s own thinkingwhen it comesto making final evaluations and
judgments. It therefore follows that: CT involves both thinking about knowledge and thinking
about thinking. Yet the necessity of self-reflectionin orderto do CT remainsto be seen—as the
cognitive and dispositional elements are still treated distinctly and reflection is not automatically
needed to use cognitive CT skills. However, these self-regulative components are necessary to be
a critical thinker because this personified version of CT would include the dispositional traits and
therefore implies both willingness and expertise to deploy the skills. For example, trade
apprenticeships demonstrate how trainees need more than the technical skill to be proficient at
that trade — theyalso learnthe “customs and practices”, the “hierarchy’s” and the “wider context
of the labour and marketplace” duringtheir apprenticeship (Murray, 2002, p.1). Educators could
learn from this approach (developingstudent’s dispositions to think critically and reflectively, in
addition to the product-based skills) to gain insightinto how to create critical thinkers who can
apply theirknowledge and skills beyond the classroom. As Facione (1990a, 1990b) suggested,
educators have a responsibility to provide experiencesto help students understand the customs
and practices so they “can integrate successful execution of... [CT] skills...with the confidence,
inclination and good judgments” to employ the tools in “their other studies and everyday lives”
(Facione, 1990b, p.4). But achievingthis with the self-reflection and metacognitive aspects of CT

remainsa challenge.
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Metacognition is considered teachable or at the very least developable (see Cross and
Paris, 1988; Haller, Child and Walberg, 1988; Hennessey, 1999; Kramarski and Mevarech, 2003;
Dignath and Bittner 2008). Instructionis aimed at increasingawareness rather than focusingon
performance (Kuhn, 2000) and scaffoldingexplicitstrategies (Cross and Paris, 1988; Schraw et al.,
2006; Kadian, 2016) with checklists (Schraw, 1998) or questions (Kramarski and Mevarech, 2003).
A study by Pressley, Wharton-McDonald, Mistretta-Hampton and Echevarria (1998) found that
students who had knowledge of different reflective strategies, as well as specificknowledge about
when a strategy should be deployed, were more proficientintheir use of metacognitive
strategies. Time s also thought to be related to proficiency, with several researchers determining
that metacognitive abilities seem to improve with age and exposure (Cross and Paris, 1988;
Schraw and Moshman, 1995; Kuhn and Dean, 2004). These findings have a number of implications

for CT development.

Firstly, the current, mostly skills-based approach to CT development hasa performance-
focus rather than awareness-based approach. However, Muellerand Dweck (2008) found that
praise for effortinfailure was better than praise for intelligence. Dweck etal. (2014) later
explored factors affectingacademic tenacity and found that it was attributesrelated to mindsets,
goals, self-control and self-regulation which seemedto predicta student’s academic achievement,
rather than 1Q. So perhaps an awareness-based approach, focusing on the dispositions of CT and
motivation for thinking, could improve sustained academic performance and CT transfer outcomes

becauseitis more likely toteach students to value and engage in the process of CT.

Secondly, domain-general CT abilities versus domain-specificabilities receive alot of
attentionin the literature. To assist with decision makingabout CT in domain-general and domain-
specificcontexts, thereis a needto understand how performance improves with the deployment
of different metacognitive tools. Infact, there is already evidence to show that approaches
incorporating both domain-general and domain-specificcomponents produce the greatest effects

on CT development (Abrami etal., 2015).

Lastly, the time aspect reinforces that these higher-orderfunctions benefit from continued
exposure. Students need multiple opportunities to knowingly engage with CT through their
educational experiences-so whilstteaching CT in a specialist course, or evenan occasional CT-
focusedlessonwill help build a foundation for CT, they should not form the totality of their

experiences with CT.
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With its focus on evaluating the standard of one’s own thinking, metacognition adds to and
improvesthe CT process. However, CT also has somethingto add to the construct of
metacognition. For example, one main perspective about metacognitionis the idea of thinking
about one’s own thinking typically for monitoringand regulation purposes (Flavell, 1979; Paris and
Winograd, 1990). Yet, whenit comes to CT and metacognition, limiting thinking about thinkingto
one’sown thinkingis contrary to the nature of CT. Metacognitive levels of thoughtfulness could
extendto thinkingabout other’s thinking (the external ideas presented to us) - considering
whetherthese external ideas are reasonable and valid, or if it is necessary to challenge them
because the creator’s thinking contains some bias or fallacy. When describing reflective thinking,
Dewey noted that if there is no controversy or doubt about an issue then reflective thinkingis not
necessary (Dewey, 1929). When teaching studentsto appropriately challenge knowledge,
educators could encourage students to examine the credibility of the source in addition to the
arguments, data or evidence provided, to helpimprove the foundations for the student’s resulting

judgments.

Like CT, metacognitionis multifaceted and theory rich, and this has previously resultedin
“fuzziness and generalization” (Tarricone, 2011, p.5). Some of the language and terminology
barriers describedin Sections 1.2.2 are also problematicin metacognition. For example, Dinsmore,
Alexanderand Loughlin (2008) identified that researchers were not careful enough about the
terminology usedin theirconstructs, or the way they were conceptually and operationally defining
metacognition. Yet despite its complexities, Tarricone (2011) has managed to generate a
conceptual framework and taxonomy to help with understanding metacognition. The same level
of taxonomy has not beenyet been constructed for CT, but it demonstrates that this type of
approach can be effective forsimplifying complexideas. The next chapter contains a conceptual
framework designedtoincrease the usability of existing perspectives on CT. Whilst thisframework
is only a steptowards the pathway taken by Tarricone, it does provide a starting point for
generatinga taxonomy - that isa mechanism for categorising existingideason CT and providesa

way to incorporate and notice CT in education and everyday life.

1.4 Conclusions

Despite numerous efforts by commentators to explainthe nature and characteristics of CT and
its development, itremainsintangible in much of the literature. This review has shown that there

is a wide variety of perspectivesand a continual search for a unified definition. It revisited the

63



Delphipanel’sinstructional recommendations and highlighted how recent literature has supplied
an evidence base for some of these conceptions. For example, the Delphi panel recommended
providing opportunities forlearning CT explicitly coupled with opportunities toapply them in
different contexts. Literature published since then presents multiple ways to approach CT
development, yetrecentfindings have shown that a mix of general CT trainingand discipline-
specificconditionslead to the strongest outcomes. The Delphi panel were correct with their
beliefsand thinking about this aspect of CT, and this perhaps warrants revisiting theirother

findings and recommendations.

This review has identified anumber of barriers which have likely held up the generation of a
consensusview. These factors included muddled terminology; discrepancies about essential and
non-essential features; and theories which either miss or ignore alternative cases thereby limiting
theirrelatability and usability in other contexts. The review has reflected on factors influencing CT
developmentinthe modern classroom, exploredissuesrelated to a lack of a consensus definition,
as well as how the usual culprits of not enough time, training or funding can thwart CT efforts.
Hopefully, awareness of these features, will both encourage theoriststo be mindful and fastidious
when expressingideas about CT and will assist educators when reading, reviewing and generating

theirown understanding and approaches for CT.

While ideas concerning the developmentand assessment of CT are presentedin Chapter 4
(Section4.1), explorations of ideas about the definitions and context for CT as well as educator
perspectives on CT, have revealed reasonsto expectvariety and disparity inthis area. It is
challengingfor educators to make decisions about CT without the benefit of a common definition,
data from evidence-based practice, or an understanding of all the various perspective on CT and
how theyalign to the differentassessmenttools. However, synthesis of the literature for this
review has led to the production of a conceptual framework about CT that could help educators
with this (describedinbriefin Section 1.2.4, and continuedin Chapter 2). This framework reveals
the key processes in CT, and the relationshipsamongthem (see Chapter 2 for a more thorough
explanation). Thisframework has been designed to highlight to educators and commentators that
itis the product of CT (sound, well-reasoned judgment) whichis applicable across perspectives,
whilst the process of CT is shaped by the discipline-specificnuances and criteria. However, the
purpose of the framework is more than to establishwhat CT is. It is intended as a tool to show
educators how they can incorporate the relevant parts of existing perspectives on CT into their

pedagogy, rather than needingto develop or find an approach that perfectly embodiestheirgoals.
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It should help themto identify which aspects of CT they are focusingon or missingand this will

help to guide theirchoices when making pedagogical decisions.

This literature review hasidentified core areas of understandingin relation to the concept
of CT. It also briefly explored CT development. Notably, the perspectives of those needing to work
at the interface between CT conceptions and CT development (in otherwords, educators) are
largely missing from the literature. Additionally, there are numerous reports that educators are (or
feel)ill-equipped totrainthe next generation of thinkers. In order to be able to produce graduates
that are equipped with the thinking and problem-solving skillsthey need to solve tomorrow’s
problems, there are both conceptual and educator-related obstacles to overcome. This research
intends to address some of the issues by providing conceptual and classroom-based insightsinto
CT. The nexttwo chapters supply conceptual insights that address some of the existinggaps in
knowledge identified in thisreview. Specifically, Chapter2 supplies a reconfigured conception of
CT (the ACT Framework) that unifies the core aspects of CT but creates a frame that is flexible to
context; while Chapter4 explores educator perspectives about the nature, developmentand
assessment of CT. These three chapters form a frame that exploresthe conception of CT through
theory and practice. The remaining chapters then explore CT through the frame of development
and assessmentfrom a bottom up perspective to supply new understanding about CT

developmentin Australian science classrooms.
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Chapter 2

A New Critical Thinking Definition and
Framework

Fitting together the pieces of knowledgeinto a coherent framework is the art of science.

Lederman, 2008, p.399
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2.1 Introductionand chapteroutline

The exact nature of critical thinking (CT) has remained somewhat elusive fortheorists and
practitioners (Lai, 2011), eventhough thereis agreementabout CT developmentbeinga core goal
of education (Facione, 1990a; Pithersand Soden, 2000; Shehab and Nussbaum, 2015; Zivkovil:,
2016). Previous perspectivesabout CT allude to it beinga process, a product and a way of being.
CT is captured through various theoretical lensesand as both dependentandindependent of
learningdomains (Sternberg, 1989; Ennis, 1997). Essentially, CTis a complex multi-faceted
construct. These ideas were revealed throughoutthe literature review, which also reflected on the
additional complications resulting from the variation, duplication, and bewilderinglanguage used
to describe CT across the theoretical perspectives. Peirce (1872) expressed that doubt causes an
internal struggle that will only cease when one “attains a state of belief” (p6). Yet with so many
available perspectiveson CT, in additionto a lack of clarity inthe language around CT, it is not
surprisingthat doubt remains. This chapter addresses these issues by presenting an adaptive

framework that can handle the variability across the CT landscape.

During the course of generating my own understanding of CT, | identified categoriesto
gather and place the various perspectives on CT. The process helped me to understand the range
of perspectiveson CT, and the common and core attributes associated with CT. But the further |
got into this doctoral journey, the more | realised the potential of this organisation tool for helping
others to understand CT too. With further refinement, and examination of the patterns of thinking
engagedin the CT process | was able to formulate a multi-dimensional adaptive framework that
incorporated the shared thinkingon CT yet remains adjustable to the points of difference. This
framework was brieflyintroduced in the literature review; however, this chapteris dedicated to
describingthe framework, its supporting definition and the CT process. This chapter demonstrates
how this tool is used as a starting place for understanding CT, or as a means to organise and apply
existingthinking aboutthe attributesand processesof CT. It also discusses the potential for the
framework to be usedto aid curriculum development and pedagogical decisions. Essentially, this
chapter demonstrates and explains how thistheoretical component of work is a tool that aligns
with the underlying goal of my research — to equip educators with knowledge and toolsto help

them develop CT intheir classrooms.

The development of the framework and its definition were outcomes of exploring existing

perspectives on CT. This involved collatingthe common attributes and principles; notingthe core
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points of differencesin perspectives; and determiningwhetherthey were true differences orjust
variationsin terminology. The next part of the process involved reflectingon the interactions
betweenthe common components. This enabled reasoned judgments to be made about which
components were both necessary and sufficientfor CT, and which components enhanced the CT
process but were not essential tothe basic form of CT. Lastly, the nature of each of the essential
components was re-examined to determine their most basic function within the CT process. This
helped facilitate the adaptability of the framework because there isvariation inthe emphasisand
importance of particular attributes within the different conceptions of CT. Stripping the
components back to their core function inthe CT process setsa minimum standard and function
for their role within the framework. It also provided concrete terminology foreducators to use to
explore the literature. However, the most relevantaspect whenfocussingonly on the core
functionis the modification of the application for the user’s unique context. This meant
framework userswould be able to decide how much to emphasise each component. They could
also determine which of the existingtheoretical conceptions bestalign to the framework
components so that the CT process featuresthe important skills and criteria for their context. The
result of all this deliberation wasa new framework, called the Adaptive Critical Thinking (ACT)
Framework, and a supporting definition. The ACT Framework contains five adaptable elements
that capture the shared thinkingon CT (see Figure 2.1), which can be deployedinvarious
configurations. The ACT Framework definition helps maintain the rigor of the elementadaption
and deployment. It conveys that CT requires all ACT Framework elements forthe judgmentsto be
considered a product of CT (and not just ‘thinking’ or opinion). Descriptions of each of the ACT
Framework elements are outlined in Section 2.3, and some suggestions about how educators can
incorporate these general, discipline-specific, explicitand implicitaspects into their classrooms are

explainedinSection 2.4.

The Adaptive Critical Thinking (ACT) Framework definition: Critical thinking is a purposefulinquiry

process that involves the deployment of thinking skills and context-appropriate criteria to make
reasoned, reflective judgments and transform information into useable knowledgeto resolve

points of uncertainty (Butler, 2018, 2019).
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Using Using
Purposeful Applying information existing Critical
querying criteria processing skills  knowledge reflection

Figure 2.1 Essential elements of the Adaptive Critical Thinking (ACT) Framework. Note the elements are notin any
implied order, nordo they interact in alinear fashion. The interaction between elements is explained in Section 2.3.

The ACT Framework emerged out of a sense-makingtask that involved areflection on what
aspects of CT to incorporate into my survey on Australian educator perspectives. Ironically, it grew
from critically thinking about why a pervadingbelief aboutthe need for a consensus exists when
thereis so much commentary on CT. The supporting definition emerged from a desire to maintain
the ACT Framework’s integrity, preventing the partitioning of the elementsin the adaptive
framework, as has occurred with other models and taxonomy’s such as Blooms (Anderson et al.,
2001). Facione reported going through a similarcalamity (1990b) - the intentbehind the Delphi

panel was not to generate a definition of CT, but an approach to its development.

The ACT Framework definitionreveals CTas a process of transforming informationinto
understandingand knowledge, by investigating the construction of that information and its
related components so a judgment can be made. However, the broader function of the definition
and framework elements are to provide structure and terminology to the CT process. This process
is explained next before discussion returns to the elements and how the definition and framework

function as a highly adaptable toolsetfor guiding thinking.

2.2 Explanation of the CT process

When trying to describe CT, itis necessary to consider what the essential ingredients are,
and what can change without ultimately changingthe purpose of the process. Dewey (1933)
considers CT a sequence of chaining events that move from reflectiontoinquiry, to critical
thought processes that conclude with an evidence-based judgement. More recent conceptions
emphasise some of these parts or focus on the standards of thinking. Having so many different
perspectives creates quite the challenge for determiningthe core purpose of CT. However, by
incorporating the shared thinkingon CT, the ACT Framework and its definition serve to highlight
its essential ingredients and characterise the process of CT. The ACT Framework and supporting

definition highlight thatthe CT process is a way of generating targeted understanding about
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information. It involves exploring the information and making reasoned judgments about the
validity of the information (and its construction and connections), with all of the decisionsand
judgments made shaping how the informationis integrated with existing knowledge forfuture
use.Importantly, ifa person has employedthe CT process whilst thinking about something, they
will have an evidence-based understanding of why they know what they know. Potential
outcomes of the CT process therefore mightbe - discard this information because of... {relevant
reasons or justification}; store this information with these other things | know because of ...
{connections and reasons}; and/or think about the information and its connections some more
because | still donot know ... {further ideas or questions for follow up}. However, regardless of the
way the informationisjudged, the overall outcome increasesthe understanding of the subject
matter and a new baseline of understandingfor all further thinking. Essentially thisframework and
its supporting definition provide amechanismto understand the journeyinformation takes to

become useable knowledge.

This journeyis depictedin Figures 2.2-2.4. Figure 2.2 shows the possible pathways that
information might travel as a person encountersit. They might use fast thinking (System 1)
drawing on theirintuition or emotionsto guide theirdecision-making (Kahneman, 2011) and
decide to ignore the information or accept it without further thought. Alternatively, they might
slow their thinking down (System 2 thinking) to query the validity of the informationand run it
through the CT process. Importantly, the understanding (and therefore, usability) of the
information generated through CT is greater than that from System 1 thinking. Figure 2.3 shows
one cycle of CT, as well as how engagement with the CT process can be self-propitiating, leading to
the generation of otherquestions to follow up as information pertaining to the original query is
gathered. The conclusion of the CT process means the thinker has satisfied their curiosity (or
resolved theircurrent doubts) relatingto the initial query at that time. However, sometimes the
conclusion of the CT process may relate more to logistical constraints (such as a deadline to plan
or complete an assignment) than resolving all doubts about an issue. Finally, Figure 2.4 shows
multiple cycles of the CT process, illustrating how ongoing engagement with the CT process
constantly changes the thinker’s existing knowledge base. Collectively, these figuresillustrate how
informationis filtered and integrated into usable knowledge. They show that the process of CT
draws on previously defined knowledge constructs (existing background knowledge) to generate

increased understanding of new information. They also show how this increased understanding
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becomesthe new version of existing knowledge forfurther cycles of CT. This means existing

knowledge is both a part of the CT process and changed by the CT process.

The framework incorporates background knowledge through the element ‘using existing
knowledge.’ Background knowledge plays an important role in CT because CT “always takes place
in the context of (and against the backdrop of) already existing concepts, beliefs, values, and ways
of acting” (Bailin, Case, Coombs and Daniels, 1999, p.290). It is also important because the things
we already know can act as a filterfordecision-making. Forexample, afterten years of use, your
vacuum cleaner needsto be replaced. You see ads for sales on vacuum cleaners at two different
stores that you have beento before, your existing knowledge of the helpfulness of staff and
pricing of those stores will play a role in guidingwhere you go to buy the replacement (or whether
to look elsewhere orwait for a better sale). So existingknowledge isanimportant elementin the
CT process because it shapes initial perceptions of incominginformation and whetherit merits

furtherinvestigation-itcan alert you to the value of that informationin that particular moment.

Information
adds to existing generate
knowledge but not understanding
deeply encoded using CT

System 1 System 2
with
accept without challenge
challenge
continually ignore integration
accept
e < \
nf pformation l “ \
| forgotten
- \
K Information
brain fills up with nothing changes new
unconnected information baseline of
and things get forgotten understanding

Figure 2.2 Information can flow throughdifferent thinking pathways. The circles picturedin the mindat the
‘generating understanding using CT’ step are the ACT Framework elements. CT challenges the information and
generates anew baseline of existing knowledge. Whereas in the other pathways, existing knowledge either does
not change, or it grows but not in an integrated fashion, making it easier for things to be forgotten overtime. Figure
created for Butler(2018,2019).
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Figure 2.3 One cycle of the CT process shows how challenging knowledge throughthe ACT Framework elements
helpsto generate understanding about thatinformation and integrate it so the understanding generated becomes
the new usable baseline for further thinking. The purple arrow highlights how undertaking the process of CT can
generatenew ideas that the thinker may want to investigate. *The amount of time spent generating understanding
about any issue can vary with logistical constraints. Figure createdfor Butler (2018,2019).
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Figure 2.4 Three cycles of the CT process, showing how a critical thinker will consistently interact with new
information. At each encounter, the thinker challenges the newinformation throughthe ACT Framework elements
to generate understanding about thatinformationand integrateit into their existing knowledge. It shows thatthe
understandinggeneratedaftereach iteration of CT becomes the new usable baseline of existing knowledge for
further thinking. Note: instead of undertaking the CT process every time new informationis encountered, there
may be instances when the thinker opts for one of the other pathways shownin Figure 2.2. Figure createdfor

Butler (2018,2019).
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2.3 Explanation and application of the ACT Framework elements

Analysis and synthesis of the various perspectivesinthe literature led to the discovery that
CT isan inquiry process that commonly includes five core cognitive actions. These include
purposeful querying, critical reflection, applying criteria, using existingknowledge, and using
information processingskills. These framework elements are explainedin Table 2.1. The elements
serve as anchor points for users to connect their existing understanding of (and future
understanding about) CT, whereas the definition directs theircollective application. Forexample,
in thisnew model, areasoned judgment requires the activation of all the framework elements. In
isolation, each framework elementis not sufficientto be CT, just as “carrying out a set of
procedures is not sufficient...since any procedure can be carried out carelessly, superficially, or
unreflectively” (Bailin, 2002, p.363). If the thinker performs just some of the parts, perhaps taking
out the validation components (applyingcriteriaand usingcritical reflection), then whatremains is
uncritical thought inthe form of a question, an idea, or opinion. For example, judgment without
reasoned criteria and information processing isjust an opinion; using information processing skills
withouta queryor criteriaisjust thinkingetc. This is why the elementsincludedinthe ACT
Framework are describedin verb form because CT emerges from usingthese things in concert.
However, it is worth notingthere are multiple waysthat the elements can interact and prompt
further questioningbecause the elementsinteract like strands of a rope rather thanin alinear
fashion. This means the thinking done in one aspect might change the course of the thinkingdone

in another.

For CT to be able to derive usable knowledge based on deep understanding that the
thinkercan draw from for future thinking, every cyc