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Introduction

Macat has been working in collaboration with the University of Cambridge since 2014. The
company has adopted an empirical-based approach to the design of their resources,
meaning that they rigorously test their resources in order to establish the impact on
learning outcomes.

The role of the Cambridge research team based at the Faculty of Education is to empirically
test the effectiveness of Macat’s materials using scientific methods grounded in the
principles of experimental psychology. The research team also provides recommendations
for how Macat’s resources can be developed, based on existing findings from the
psychology and education literature. The project is led by Dr Sara Baker, who is the Principle
Investigator, and managed by Dr Lauren Bellaera, who is a Research Associate at the
University. Research outputs are in preparation to disseminate Macat’s findings through
peer-reviewed publications in psychology and education journals.

An initial study, carried out by Drs Baker and Bellaera, showed that, following an
educational intervention with some of Macat’s multimedia materials, undergraduate
students significantly improved their comprehension of seminal texts, with many students
also showing improvements in their ability to think critically about seminal texts.

The Cambridge research team has helped Macat to design the thinking skills features for
their online learning platform, and there are plans to test the effectiveness of these
materials on a large scale involving UK and US cohorts of students and life-long learners. In
what follows, we present a short overview paper outlining the literature on thinking skills,
with an emphasis on critical thinking, and explain how it relates to the research being
carried out by the University of Cambridge in partnership with Macat.

What is critical thinking?

The term ‘critical thinking’ has been related to a number of constructs, including
intelligence, subject-specific expertise, problem-solving, reasoning and logical thinking
(Bangert-Drowns & Bankert, 1990). However, because of its complexity, and because it is
made up of a range of components, there is no general agreement as to how to define
critical thinking (Bangert-Drowns & Bankert, 1990).

Over the decades, a number of definitions have been proposed (e.g. Facione, 1990; Fasko,
2003; McPeck, 1981; Paul, 1993). The skills that underpin critical thinking are similar
irrespective of the definition given, and include the ability to make inferences, and to
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interpret, analyse and evaluate arguments (Facione, 1990). As well as viewing critical
thinking as comprised of cognitive skill-based functions (Baron, 1985; Ennis, 1962; Ku, 2009;
McPeck, 1981), the skills themselves can also be viewed as dispositional traits (Facione,
1990; Ku, 2009; Perkins & Ritchhart, 2004; Taube, 1997). Critical thinking dispositions refer
to a person’s internal motivation to practice critical thinking, and include qualities such as
open-mindedness, inquisitiveness, and flexibility (Facione, 1990; Facione, Facione, &
Giancarlo, 1996; Perkins & Ritchhart, 2004).

Critical thinking skills can either be subject-specific or general (Ennis, 1989). Subject-specific
critical thinking refers to the application of critical thinking within a subject (e.g. history,
psychology or politics), whereas general critical thinking refers to the application of critical
thinking separately from a subject (such as in real world problems; Ennis, 1989). Some
studies have shown improvements in subject-specific critical thinking, but not general
critical thinking, following educational interventions (e.g. Renaud & Murray, 2008).

Why does critical thinking matter?

Critical thinking has been described as a 21" century skill (Pellegrino & Hilton, 2012); a skill
which is prioritized as an important goal of higher education (Wyer, 2009); and a skill which
is highly valued and sought after by employers (Deane & Borg, 2011). However, one cannot
assume that the development of critical thinking skills is an automatic outcome of attending
university. In fact, on the contrary, many students are leaving university without being
proficient in these skills (Association of American Colleges and Universities, 2005). Research
shows that critical thinking skills improve better when they are explicitly taught (Abrami et
al., 2008; Bangert-Drowns & Bankert, 1990).

Macat’s definition of thinking skills

The focus of the Cambridge research team is to assess the impact of Macat’s resources on
both subject-specific and general critical thinking skills. As part of this programme, and
drawing on the critical thinking literature (e.g. Facione, 1990; Facione, 2015), the team
carried out a survey which asked UK and US academics in the humanities and social sciences
to rank a range of thinking skills in terms of how important each skill was to their subject
discipline.

The results of the survey showed that the most highly valued thinking skills were those of
analysis, evaluation and interpretation. Macat has used the results from the survey to select
six thinking skills to prioritize on their platform: problem solving, analysis, creative thinking,
interpretation, evaluation and reasoning. A variety of activities and tests have been created
in order to promote the development of these skills.
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Testing critical thinking

A number of tests exist for both general and subject-specific critical thinking skills using a
range of response formats (Ku, 2009). For example, some general critical thinking tests use
multiple-choice formats, such as the Watson-Glaser Critical Thinking Appraisal (Watson &
Glaser, 1980). Other tests use open-ended questions which require a student to provide
written responses (e.g. the Ennis—Weir Critical Thinking Essay Test; Ennis & Weir, 1985).
Other tests of general critical thinking use a combination of multiple choice and open-ended
guestions (e.g. the Halpern Critical Thinking Assessment Using Everyday Situations; Halpern,
2007). In addition, subject-specific critical thinking tests have been developed for certain
topics within subject disciplines. For instance, Lawson’s (1999) Psychological Critical
Thinking test assesses students’ critical thinking skills in relation to psychological research
methods.

We can measure critical thinking in tests, but also in people’s spoken and written language.
Indeed, many studies have analyzed dialogue either in the classroom or online as a way to
monitor the development of students’ critical thinking (e.g. Anderson, Howe, Soden,
Halliday, & Low, 2001; Nussbaum, Winsor, Aqui, & Poliquin, 2007)

To evaluate critical thinking outcomes, the Cambridge research team has used the Watson-
Glaser Critical Thinking Appraisal (Watson & Glaser, 1980) and developed subject-specific
critical thinking tests for the Political Sciences. The next phase in the trial programme is to
test ways of developing argumentation skills in an online environment, and to carry out
content-analysis of online chat rooms as part of their scientific studies.

What types of instructions improve critical thinking?

Research shows that it is possible to develop critical thinking skills through the use of
effective instruction (for reviews see Abrami et al., 2008; Abrami et al.,, 2014), and the
evidence shows that actively teaching critical thinking, as a separate skill, is the most
effective approach to improve thinking skills (Abrami et al., 2008; Bangert-Drowns &
Bankert). This can be done either by explicit teaching of critical thinking as a discrete
subject, or by teaching it alongside material that promotes critical thinking within a subject
lesson (Abrami et al., 2008).

A range of activities have been used to improve critical thinking. These include: asking
higher-order questions (Renaud & Murray, 2008), using graphical organizers (Nussbaum et
al., 2007), and prompting self-reflection (Austin, 2008). However, whether a particular
activity improves critical thinking does not only depend solely on the effectiveness of the
instructions and associated activities. It is also dependent on factors related to the
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individual (academic ability, motivation) as well as the context (intervention length, type of
subject; Niu, Behar-Horenstein, & Garvan, 2013).

The Cambridge research team has taken into account students’ academic ability whilst
assessing the impact of Macat’s resources on critical thinking. The importance of individual
variability is also taken into consideration in Macat’s online learning platform.

Future directions

Based on the research evidence outlined above, Macat is in the process of developing a
bespoke suite of thinking skills activities and tests covering all six of the skills. Macat is
working closely with the Cambridge team with the aim of producing a platform that is
capable of accurately assessing a student’s propensity to think critically and his or her study
goals, and using that information to personalize their learning experiences.
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