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Introduction
Research publications, policy papers and reports have argued that higher
education cannot only facilitate learning of domain-specific knowledge and skills, but it
also has to promote learning of thinking skills for using that knowledge in action (e.g.
Shavelson, 2010a; Greiff et al., 2014; Strijbos, Engels, & Struyven, 2015). The focus on
critical thinking arises, in part, because of higher education’s responsibility for preparing
individuals to think, reason and cope in and change with an uncertain, continuously and
rapidly fluctuating personal and working life (Bok, 2006; Jenert, 2014). The knowledge
and skills students need and consequently should be taught in higher education are thus
changing; more emphasis needs to be placed on higher-order domain-general or generic
skills, such as analytical reasoning and evaluation, problem-solving, argumentation,
written communication (e.g. Tremblay, Lalancette, & Roseveare, 2012; Zahner & Ciolfi,

2018; Shavelson, 2010b) and collaborative multidisciplinary work (Muukkonen, Lakkala,

Toom, & Iloméki, 2017). As a part of this discussion, critical thinking is now considered
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a key component of scientific reasoning and a capability to be enhanced in contemporary
higher education.

While there is growing consensus on the importance of critical thinking in higher
education, the same, however, does not hold true for questions concerning the processes
of implementing critical thinking in teaching and learning in programmes (cf. Arum &
Roksa, 2011). While several tips and exercises for how to teach scientific argumentation
or reasoning can be found, the literature says surprisingly little about pedagogical
principles of integrating critical thinking coherently in teaching and learning. The
challenge in intertwining learning of critical thinking to domain-specific courses requires
systematic and long-term work processes throughout a student’s higher education studies
in multiple different kinds of course contexts and themes. The development of critical
thinking consisting of a variety of skills requires support, continuous feedback and long-
term practice. Yet this is a challenge given the pedagogical organisation of higher
education focusing on domain-specific knowledge competencies throughout the degree-
programme curricula.

In this chapter, we begin by elaborating the definition of critical thinking and
presenting justifications for teaching critical thinking. Our first aim is to understand the
characteristics of critical thinking based on current research, and what it means for
teaching students to think critically in the higher education. We do so from the viewpoint
of scientific thinking. We then turn to teaching and learning. The second aim is to outline
the role of curriculum and assessment in developing and implementing critical thinking in

classrooms and academic programmes. The third aim is to suggest future teaching
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research and practice in higher education. The goal is to deepen our understanding of
how to enhance students’ critical and scientific thinking.

What Is Critical Thinking and How Does It Relate to Scientific Thinking?

Critical thinking has been considered a foundation for participating in

democracies for centuries, since the time of Socrates. It has been singled out as vital in
growing up to be a genuinely autonomous and participating citizen of the modern society
and one of the most important competencies for citizens of the 21% century. It has also
been emphasised as the most important competence universities are expected to cultivate
in students during higher education (Halpern, 2014; Arum & Roksa, 2011). Research on
critical thinking is currently being pursued in at least two areas using very different
approaches. One area is philosophical analysis of critical thinking. It focuses on the
definition and justification of critical thinking as a theoretical concept. The second area is
empirical analysis. It focuses on how individuals understand the nature of knowledge,
how they construct and use knowledge, and what kinds of skills and strategies they utilise
in the critical thinking process. In other words, empirical research focuses on the
descriptive elements, and attempts to investigate how things are in the real world. For
example, in the field of higher education, empirical research on critical thinking has
focused on the development of critical thinking skills (e.g. Kuhn, 2005; Arum & Roksa,
2011), while philosophical analyses have concentrated on the normative elements of the
prevailing theorisation of critical thinking (e.g. Holma & Hyytinen, 2015). The
descriptive questions express an understanding of what something is, but they do not
include an evaluation of how things should be. In contrast, the normative questions, such

as what is the most adequate conception of knowledge, have been the central goals of the
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philosophical approach. Although philosophical and empirical analyses of critical
thinking differ from each other, in educational research on critical thinking, the normative
and descriptive elements of research are intertwined (Holma & Hyytinen, 2015). The
descriptive assumptions of critical thinking become normative in nature when these
assumptions are regarded as goals of education and are thus promoted and assessed in the
various phases of the educational path (cf. Hopmann, 2007).

There are various definitions of critical thinking in educational research. Common
to these definitions is their view of critical thinking as a purposeful self-regulatory
judgement about what to believe and to do (e.g. Facione, 1990; Ennis, 1991; Halpern,
2014). However, critical thinking cannot be regarded as just any thinking aimed at
deciding what to believe and do (Bailin, Case, Coombs, & Daniels, 1999). Such thinking
can be naive, rash or even careless. For example, one can come to believe on the basis of
irrelevant reasons. Dewey’s (1910, p. 9) analysis, the precursor to the modern critical
thinking tradition, defined critical thinking as “active, persistent, and careful
consideration of any belief or supposed form of knowledge in the light of the grounds
that support it, and the further conclusions to which it tends”. This suggests that thinking
must meet some appropriate standards if it is to be regarded as critical thinking, for
example, attempting to assess the evidence relevant to the belief or to the task (Bailin et
al., 1999). Critical thinking, then, is conceptually connected to the epistemological ideal
of rationality. Rationality requires the possibility of having some criteria or standards for
evaluating beliefs and knowledge (Holma & Hyytinen, 2015).

Dewey (1941) called these standards warranted assertions. In Dewey’s (1941, p.

172) words, all knowledge “The position which I take, namely, that all knowledge, or
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warranted assertion, depends upon inquiry and that inquiry is, truistically, connected with
what is questionable (and questioned) involves a sceptical element, or what Peirce called
‘fallibilism’.” In a similar vein, it has recently been noted that critical thinking is
conceptually connected to the epistemological concept, fallibilism (Holma & Hyytinen,
2015; Hyytinen, Nissinen, Ursin, Toom, & Lindblom-Ylinne, 2015). According to
Holma & Hyytinen (2015, p. 10), fallibilism implies that “all human knowledge is
uncertain, coheres with the evolutionary understanding of knowledge: the bodies of
knowledge we now have may be mistaken and are thus possibly subject to revision, but
they have, nevertheless, survived the process of evolution to this point; as such, they
provide the best available starting point for how to proceed at the present moment with
respect to further inquiry”.

Another common way to conceptualise critical thinking is to enumerate thinking
skills (Bailin et al., 1999; Fisher, 2011). For example, Fisher (2011, p. 8) listed the
following skills:

“identify the elements in a reasoned case, especially reasons and conclusions;

identify and evaluate assumptions;

clarify and interpret expressions and ideas;

judge the acceptability, especially the credibility, of claims;

evaluate arguments of different kinds;

analyse, evaluate and produce explanations;

analyse, evaluate and make decisions;

draw inferences; produce arguments” (see also Halpern, 2014; Ennis, 1993).
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However, critical thinking cannot be explained solely with the notion of a set of
skills (e.g. Holma, 2015; Bailin et al., 1999); one who acquires a set of critical thinking
skills does not use them all in a particular situation for one reason or another. It follows
that it is not enough for one to possess the skills to assess the relevance of beliefs or
knowledge, but one also needs to have the willingness to do so (Halpern, 2014; Hyytinen,
2015). American Philosophical Association’s ‘Delphi report’ (Facione, 1990) and the
consensus statement regarding the ideal critical thinker conclude that critical thinking is a
combination of various dimensions of cognitive skills and affective dispositions. The
cognitive skills include a purposeful, self-regulatory judgement which results in
interpretation, analysis, evaluation, inference, and found explanation. The affective
dispositions include open-minded, fair-minded and flexible in evaluation, willingness to
reconsider, honesty in facing personal biases, diligence in seeking relevant information,
reasonableness in the selection of criteria. Critical thinking is thus constituted by a variety
of cognitive skills and dispositions to meet complex demands that make it possible to
assess, evaluate, synthesise and interpret relevant information that is associated with a
situation, and apply that information to solve a problem, to decide on a course of action,
to find an answer to a given question or to reach a well-reasoned conclusion (Shavelson,
Zlatkin-Troitschanskaia, & Marifio, 2018). It involves open-minded and self-regulated
thinking about alternative solutions and perspectives as well as possible consequences.
Educating critical thinkers means working toward this ideal. For the purposes of this
chapter, the distinction between cognitive skills (i.e. procedural knowledge) and affective

dispositions is theoretically important.
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Researchers differ on the question of whether critical thinking is a general or
generic skill that can be taught and applied across science disciplines or whether it is
domain specific (Shavelson, 2018; Bailin & Siegel, 2003; Barrie, 2006; Banta & Pike,
2012; Oljar & Koukal, 2019). In addition, there is research evidence that academics’
views on teaching generic skills, such as critical thinking, vary (Barrie 2006, 2007).
According to Barrie’s (2006, 2007) phenomenographic analysis, some academics do not
agree that teaching of generic skills is their responsibility. They assume that students
have these skills already when they enter university. In addition, while for some
academics this seems to be an issue of personal skills that are not related to domain-
specific knowledge, others claim that critical thinking skills let students make use of or
apply domain-specific knowledge (Barrie, 2006, 2007). Some academics have even
claimed that critical thinking depends on domain expertise and thus cannot be assessed
outside of the content of the discipline (see debate in Fischer, Chinn, Engelmann, &
Osborne, 2018).

We are thus led to a complex question. If we deny the possibility of developing
more general critical thinking that can be transferred from one science domain to another,
how can we promote it is as a vital competence for participating as a citizen in
democratic society (Shavelson, 2018)? The interpretation of critical thinking as domain-
specific in nature leads to the idea that critical thinking is all only for experts. This notion
is inconsistent with the basic idea of the modern critical thinking tradition which
promotes critical thinking as a foundation for participating in democracies and thus
applicable for all citizens. However, it seems to us that this kind of dichotomy is

unnecessary. Learning to think critically is a complex process in which both domain-
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specific knowledge and generic thinking skills are needed (Hyytinen, Toom, & Postaref,
2018). Critical thinking demands a use of both declarative and procedural knowledge;
i.e., students need some knowledge about the phenomenon before they can think about it
critically. However, students need, at the same time, to possess necessary procedural and
strategic knowledge to apply that declarative knowledge in context (Halpern, 2014;
Hyytinen & Toom, 2018; Segalas, Mulder, & Ferrer-Balas, 2012). In a similar vein,
Bailin and Siegel (2003) have pointed out that although critical thinking is always
connected to a particular context and it involves, to some extent, domain-specific
knowledge, it does not follow that nothing general can be said about this issue. To a
certain extent, the core elements of critical thinking are generalisable and applicable
across different domains (cf. Siegel, 1991; Oljar & Koukal, 2019). However, it seems
reasonable to suggest there are domain-specific differences as to what critical thinking
skills and dispositions are promoted during university studies.

There are several ways to interpret scientific thinking and critical thinking and
their relationship. In general, scientific thinking and critical thinking overlap considerably
with the demand for evidence for knowledge claims and action. However, on the one
hand, in the Finnish higher education context, the term scientific thinking is a more
commonly used term than critical thinking and sometimes these terms are used
interchangeably. In this view, critical thinking is understood as a sub-component of the
general competence of scientific thinking. However, on the other hand, critical thinking
can be understood as a foundation for scientific thinking, following that scientific
thinking is perceived as a narrower concept. In this view, scientific thinking is used to

describe evidence-based thinking in science, social science, humanities, education, and
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business. This kind of view is emphasised in Europe, but not in the USA. In this chapter,
we understand critical thinking in a broader sense. We view critical thinking as extending
to the natural and social sciences and the humanities with an understanding of the unique
application in each theoretically and methodologically (cf. Trigg, 2001; Niiniluoto, 1980;
1984).

Why Do University Students Need to Be Able to Think Critically?

Scientific research is intended to produce new information and new
understandings and to explain the world around us. However, this does not mean that
research can provide certain or final answers (cf. Niiniluoto, 1999). Research is an
ongoing process of correcting and refining current conceptions and theories. The same
kind of open-minded attitude is required from university students. University teachers in
Western countries hope that students are engaged actively not listening passively,
accepting everything they see and hear. Rather students are encouraged to think actively,
to ask questions and to consider the reasons behind the arguments presented. Academic
education cannot thus consist of information on a subject major only, but must also
include the thinking skills for using that information. Students need to think critically to
construct and situationally apply knowledge and understanding.

Critical thinking is needed to theoretically and conceptually elaborate the
phenomenon being investigated, to gather and assess relevant scientific data and
information, to use abstract scientific ideas to interpret them effectively, to come to well-
reasoned scientific conclusions and solutions, testing them against relevant criteria and
standards, as well as to communicate effectively with others in proposing solutions to

complex scientific problems and understanding relationships between theory and practice
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(Paul & Elder, 2008; Niiniluoto, 1980, 1984, 1999). Critical thinking also goes with
inquiry and encourages thinking rather than accepting what told. “The heart of education
lies exactly where traditional advocates of a liberal education always said it was -- in the
processes of inquiry, learning and thinking rather than in the accumulation of disjointed
skills and senescent information”, as APA’s Delphi report (1990, p. 2) sums up.

It is not surprising that critical thinking is promoted as an educational ideal (Arum
& Roksa, 2011; Halpern, 2014). Critical thinking is essential as a tool of inquiry and
learning and vice versa. Thus, it forms the foundation for scientific thinking. As such,
critical thinking is also a liberating force in education and a powerful resource in one's
professional and personal life (APA’s Delphi report, 1990). While not synonymous with
personal traits, critical thinking can be grasped in terms of intellectual resources (see
Bailin et al., 1999). Critical thinking is not something inborn either; we can learn to think
critically and teach it (Halpern, 2014). Critical thinking skills are also so-called
transferable skills needed beyond academia, i.e., in the working world and civic life (e.g.,
Hyytinen et al., 2018; Shavelson, 2010a).

Critical thinking has been found to be an essential factor for university students in
progressing successfully through their studies (Arum & Roksa, 2011; Badcock, Pattison,
& Harris, 2010; Utriainen, Marttunen, Kallio, & Tynjild, 2016). Problems with critical
thinking and reasoning may not only affect the quality of learning, but the inability to
think critically can cause significant delays in studies (Arum & Roksa, 2011). Although
the importance of teaching critical thinking is widely promoted, there is evidence that
higher education students differ in their ability to think critically (e.g., Arum & Roksa,

2011; Evens, Verburgh, & Elen, 2013; Hyytinen et al., 2015; Hyytinen, Lofstrom, &
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Lindblom-Ylédnne, 2017; Hyytinen et al., 2018). While many students progress in these
skills during their university studies, Arum and Roksa (2011) found that many students
do not learn to think critically during university education.

In summary, university students need, at least, to be able to think critically to
engage reasonably in democratic society, to do science, and to pose questions and
problems as well as evaluate knowledge independently rather than repeating what has
been told. Critical thinking captures the essential thinking and reasoning skills and thus
forms a basis for scientific thinking. Critical thinking has also been found to be essential
for learning and progressing in higher education and it can be learned as intellectual
resource.

Teaching Critical Thinking in a Way That Also Develops Scientific Thinking and
Academic Competence

Educational researchers agree on the features of learning activities that would
promote learning to think critically. These features include: facing open-ended problems,
encountering real-world complexity, utilising multiple knowledge sources, developing
knowledge artefacts to explicate thinking, utilising collective efforts and group resources
instead of favouring individual student work, integrating rich use of modern technologies
into the work processes (e.g., Marton & Trigwell, 2000; Bereiter, 2002; Brooks &
Everett, 2009; Mills-Dick & Hull, 2011; Phielix, Prins, Kirschner, Erkens, & Jaspers,
2011), and teamwork, project work, and multidisciplinary collaboration (Denton &
McDonagh, 2005). Moreover, a number of pedagogical models have been suggested for
promoting critical thinking. This includes problem-based learning (Hmelo-Silver, 2004;

Dunlap, 2005), project-based learning (Bell, 2010; Helle et al., 2006), inquiry-based
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learning (Hofstein, Shore, & Kipnis, 2004), learning by design (Vartiainen, Liljestrom, &
Enkenberg, 2012; Healy, 2008), cooperative learning (Gillies, 2004), short novels and
discussion borne out of the problems/questions encountered in narrative fiction (Tomperi,
2017), and concept maps (see Ruiz-Primo, Schultz, & Shavelson, 2001). In this way
students encounter the complexity of the phenomena being explored, search and evaluate
a variety of knowledge sources, define the core problems to be solved, and based on
thorough elaboration, formulate justifications for the solutions based on the knowledge
sources.

Focusing on a single teaching method, such as problem-based learning, however,
is not adequate. Rather, how we use the various pedagogical methods is more crucial than
the methods themselves. If higher education is to contribute to the development of critical
thinking, the whole teaching-learning environment needs to be purposefully designed to
that end (Arum & Roksa, 2011; Halpern, 2014). Moreover, teaching critical thinking
needs to be built by combining both bottom up (i.e. student-driven) and top down (i.e.
teacher-driven) approaches to teaching (Neisser, 1967) as well as by modelling reasoning
or using realistic and authentic dilemmas and tasks (Shavelson, 2018). Teaching and
learning need to be intertwined in solving real scientific mono- or multidisciplinary
problems and questions. According to Bailin et al. (1999), teaching critical thinking
should contain at least the following three components in a variety of learning situations
in order to support the growth of students’ intellectual thinking and to reach the core of
critical thinking:

1. Engaging students in dealing with tasks that require reasoned judgement or

assessment.
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2. Helping students develop intellectual resources for dealing with these tasks.

3. Providing an environment in which critical thinking is valued and students are
encouraged and supported in their attempts to think critically and engage in critical
discussion.

Learning occurs when teaching critical thinking is explicitly embedded in several
courses throughout the curriculum and provides feedback that informs students as how to
improve and build their critical thinking skills (e.g. Abrami et al., 2008; Arum & Roksa,
2011; Halpern, 2014; Shavelson, 2018; Krolak-Schwerdt, Pitten Cate, & Horstermann,
2018). The development of critical thinking also requires teaching and learning activities
that support metacognitive monitoring of thinking processes (Halpern, 2014; Virtanen &
Tynjéla, 2018). Arum and Roksa’s (2011) longitudinal study showed that putting
significant effort into studying, having teachers who hold high expectations and share
collective responsibility for learning, and offer courses that require rigorous academic
work, are associated with improved performance on tasks requiring critical thinking,
complex reasoning and written communication. Teaching that involves student
collaboration and interaction has been shown to support the acquisition of critical
thinking, problem solving, and decision making (Virtanen & Tynjéld, 2018). In contrast,
lecturing and working alone were negatively related to learning such skills. Furthermore,
teaching critical thinking can fail if it is not connected to disciplinary knowledge and
practices (Samarapungavan, 2018).

Teaching students to think critically, then, requires holistic approaches that unify
subject-matter learning, critical thinking and metacognitive skills. One challenge

associated with this holistic view is for teachers to realise that the question is one of Zow
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to teach and not just what to teach. Yet higher education teachers are not necessarily well
prepared to teach and assess critical thinking in a way that best supports growth of
students’ understanding and reasoning skills. The evidence shows that there is a huge
variation between teachers (Barrie, 2006; 2007; Ayala et al., 2018; Shavelson, 2018).
Most teachers, then, will have to learn to teach differently.

A related challenge is that teachers resist change. From the holistic perspective,
teachers need incentives to take risks in changing. Otherwise, why would they change
what they know “works”: teaching declarative knowledge top down?

Anchoring Critical Thinking to the Curriculum

The discussion concerning teaching critical thinking could easily remain abstract
or focus on certain specific teaching methods, assignments, taxonomies or tools. This is
not our intent. More attention should be paid to the coherence of the curriculum and
systematic integration of learning critical thinking throughout students’ studies. Virtanen
and Tynjdld’s (2018) research showed that learning to think critically is a long process
involving various teaching methods. An ability to think critically needs to be practised in
multiple different contexts, on various tasks, combining theory and practice, alone, and
together with others, and over time (cf. Arum & Roksa, 2011; Virtanen & Tynjild, 2018).
Students learning to think critically depends on how critical thinking is taught; students
learn what they do (Biggs & Tang, 2009). Consequently, teaching critical thinking needs
to be aligned at a programme level. This means that learning to think critically should be
expressed in learning outcomes, and its learning needs to be taken into account
systematically in teaching methods, students’ assignments and in assessment aligned with

learning outcomes (cf. Abrami et al., 2008). It is important that such learning is integrated
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in domain specific courses; otherwise, it might remain separate and superficial in its core
aspects.

Addressing critical thinking solely in a specialised course or relying solely on one
specific teaching method is inadequate (Virtanen & Tynjéld, 2018). Moreover, the risk is
that teaching critical thinking will remain an incidental or isolated topic, if not integrated
in learning goals, various teaching practices, and assessment in courses across the
curriculum. The same risk appears if teaching decisions are left up to individual teachers
of varying views of what is important to teach in their classes and how to do so.
Successful integration at the curriculum level involves collaboration between teachers.
Teachers need to be ready to synchronise their courses among each other in a way that
supports the attainment of learning outcomes (Arum & Roksa, 2011; Jenert, 2014).

Critical thinking is an important part of scientific thinking, since it captures the
core thinking and reasoning skills as described earlier. It also paves the way for students
to progress in their higher education studies and enhance their academic competence. At
the individual teacher level, critical thinking needs to be integrated into teaching goals,
student in and out of class activities, and outcomes. At a department or institutional level,
critical thinking needs to be integrated into the curriculum across teachers, courses within
and across departments (cf. Arum & Roksa, 2011; Toom, 2017).

Conclusion

The aim of teaching students to think critically is consistent with the
epistemological ideal of rationality (Holma & Hyytinen, 2015; Oljar & Koukal, 2019).
Critical thinking can be understood as a life skill that is applicable across disciplines

(Oljar & Koukal, 2019). A critical thinker needs to have knowledge of what is
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reasonable, the thinking skills to evaluate and use that knowledge, as well as dispositions
to do so (Facione, 1990; Halpern, 2014; Hyytinen et al., 2015). Critical thinking also
makes possible the assessment, evaluation, synthesis and interpretation of relevant
scientific theories and empirical knowledge. It is context and action oriented in solving
problems, deciding on a course of action, reaching well-reasoned conclusions and
solutions, testing them against relevant criteria and standards, and communicating them
effectively to others (Paul & Elder, 2008; Shavelson, 2010b; Niiniluoto 1980, 1984;
Rapanta, Garcia-Mila, & Gilabert, 2013). This is all necessary if we want to educate
skilful, competent students in an academic domain as well as educate them to become
autonomous citizens of the 215 Century and develop their scientific thinking skills.

Students begin to learn to think critically when their teaching is explicitly
integrated into one domain-specific course. But to be effective it needs to be integrated
into courses throughout the curriculum. Critical thinking is learned when domain-
specific, procedural and self-regulative knowledge are connected with each other, as well
as when teaching and learning activities set tasks for students to construct knowledge and
skills in complex situations. Students need to put significant effort into learning to think
critically, by studying and working alone and together (e.g. Arum & Roksa, 2011;
Muukkonen et al., 2017; Samarapungavan, 2018; Toom, 2017; Virtanen & Tynjéla,
2018).

Critical thinking, then, should be recognised as an important outcome of higher
education; curricula and course outlines should be aligned to produce this outcome. This
is the only way to prevent critical-thinking teaching from becoming incidental in a

random selection of courses. In order to provide sufficient coverage and alignment, study
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programmes need to be viewed as a whole. Teachers need to recognise that they have an
individual and a collective responsibility for teaching students to think critically.
Teachers need also need to have a clear understanding of what critical thinking is and
why it important to teach. They should have the pedagogical competence to integrate
thinking to various disciplinary topics and utilise a variety of teaching and assessment
methods to enhance it. Finally, teachers need administrative and peer support in
developing pedagogical competencies that enable them to ingrate the elements of critical
thinking and reasoning in their teaching practices (Arum & Roksa, 2011; Jenert, 2014).
We have a lot to learn about teaching and learning to think critically. For
example, a complex issue still to be understood is how students’ critical thinking
develops during higher education when it is anchored to the curriculum. Is the
development process faster than what is currently the case? What kind of associations can
be found between student learning to think critically, teachers’ teaching and
characteristics of learning environment? How do students learn the skills related to
critical and scientific thinking, how do they progress in these skills and how does the
mastery of certain skills enhance mastery of others? In addition, we might ask, what are
the threshold skills and dispositions that should be learned during higher education? That
is, which qualities are necessary for becoming and being a critical thinker in school, at
work, and throughout life? Furthermore, how do domain-general or domain-specific
competencies impact critical thinking, and what kind of variation—if any—can be found
between the domains? How do all these factors influence higher education students’

thinking and reasoning skills? Finally, we need to understand similarities and variations
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in the pedagogical competences to teach critical and scientific thinking among academics

in different disciplines and support teachers in developing these competencies.
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