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Learning to think critically in and about engineering:
A liberative perspective

Lionel M. Claris and Donna M. Riley
Context and Background: Since the adoption of the ABET 2000 criteria, there has been an increased focus on the development of critical thinking skills within the engineering curriculum. Perhaps because of this ABET impetus, engineering education research on critical thinking occurs mostly in a focused context, directed toward critical thinking within one of several ABET learning outcomes: problem-solving (Mani, Omidvar, & Knott, 2003; Lombardo, 2004; Papadopoulos, Rahman & Bostwick, 2004), conducting experiments (Miller & Olds, 1994; Bruno & Anderson, 2005), ethical decision-making (Wolverton & Wolverton, 2003; Swalie & Kreppel, 2001), open-ended design (Lunt & Helps, 2001; Gurmen, Lucas, Malmgren, & Folger, 2003), or assessing the social impacts of technology (Nelson, 2001). Critical thinking is applied within elements of engineering but not about the whole of engineering. 
This distinction first emerged for us as part of an ongoing project implementing pedagogies of liberation – based on the work of Paulo Freire (1971), bell hooks (1994), and others – in engineering education. It quickly became apparent not only that students needed to understand the pedagogy in order to be motivated to learn and to use it successfully, but also that understanding the pedagogy required some kinds of critical thinking that went beyond what is typically taught in engineering classrooms. They need to think critically about as well as within engineering. 
However, this is not the only motivation for students to learn this more holistic type of critical thinking. In his book Mechanics of the Middle Class, Robert Zussman (1985) observed as a sociologist of the professions that engineering is not a “free profession” in that most engineers do not work independently as lawyers or doctors classically do, and thus do not share the same level of autonomy. Rather he suggests engineering is a “bureaucratic profession” because engineers are most commonly embedded in firms, serving ends they do not and are not professionally required to question. If Zussman is correct, for engineering to truly be considered a profession in a sociological sense, engineers must learn to think critically about as well as in engineering. 

Critical thinking thus entails not only the conventional practices in engineering: considering and articulating assumptions in problem solving, selecting appropriate hypotheses/methods for experiments, considering multiple perspectives in an ethics case study, assessing social impacts of technology, and structuring open-ended design problems. It also entails thinking critically about engineering, asking questions about the production of technology and our relationship to it: For whom and by whom is engineering done? Who decides what is and is not engineering? Who benefits and who loses from engineering? How do social, political, cultural and economic structures create our present understanding of scientific truth, and the technologies we engineer based upon those truths?

Research Questions: Engineers’ reputation as superior problem-solvers suggests facility with certain types of critical thinking in engineering. At the same time, their willingness to accept authority uncritically (Vaughan, 2004) suggests an inability to think critically about engineering. Why does critical thinking in one context not seem to necessarily relate to critical thinking in another? How can we make sure that students learn to think critically both in and about engineering? 
Theoretical Frameworks: In order to answer these questions, we seek first to develop a solid working definition of critical thinking. We draw on three theoretical frameworks: conventional wisdom about critical thinking from philosophy and psychology; developmental theory; and critical theory.
Paul and Elder (2003) offer a definition of critical thinking representative of what we could characterize as “conventional wisdom” about critical thinking as a self-directed learning spiral in which intellectual standards are applied to the thinking process with the goal of improving the quality of thought. The intellectual standards Paul and Elder present include clarity, logic, accuracy, precision, breadth, depth, relevance, significance, completeness, and fairness. They apply these standards in different contexts to a variety of elements of thought including the purpose of an argument, questions posed, points of view presented, information used, inferences made, concepts employed, implications drawn, and assumptions made. Finally, Paul and Elder define a set of intellectual traits, or virtues, that are characteristic of critical thinking, which capture what most of us think of when we hear the term “critical thinking”:
· Intellectual humility – or the recognition that we might discover new information and admit we were wrong

· Confidence in reason – an agreement to rely on logic as a standard for determining the veracity of a claim

· Autonomy – the ability to say what one thinks without coercion or compromising conflicts of interest

· Courage – to take an unpopular perspective

· Perseverance – to track down important details relevant to the question

· Intellectual empathy – to understand others’ points of view

· Fairmindedness – to consider arguments without bias

· Integrity – to present all information with correct attribution of sources and fair representation of others’ work

It is interesting to note that the Foundation for Critical Thinking has released a disciplinary version of this critical thinking primer called Engineering Reasoning (Paul, Niewoehner, & Elder, 2006), which presents these same elements of thought as central to good engineering. Indeed most engineers would recognize critical thinking (as defined here) as essential to good engineering. However, if these processes are applied only within engineering, and not to engineering, its processes and goals, Zussman’s observation still applies, and engineering is not a free profession. 

King and Kitchener (2004) present a developmental theory of reflective judgment in which they use John Dewey’s work on reflective thinking to critique notions of critical thinking as limited to either logical thinking or problem-solving skills. King and Kitchener argue that such definitions ignore underlying epistemic assumptions (they are authority-based, disallow uncertainty, and rely exclusively on scientific method). Abandoning the term critical thinking, they offer a replacement, reflective judgment, which
“requires the continual evaluation of beliefs, assumptions, and hypotheses against existing data and against other plausible interpretations of the data. The resulting judgments are offered as reasonable integrations or syntheses of opposing points of view. Because they involve ongoing verification and evaluation, judgments based on reflective thinking are more likely to be valid and insightful than are beliefs derived from authority, emotional commitment, or narrow reasoning” (7).
King and Kitchener’s developmental model of reflective judgment suggests that students gradually move through seven progressive sets of epistemic assumptions, as they learn to hold assumptions that allow for true reflective thinking. Through the college years students typically move from absolutism to relativism, although everyone operates over a range of stages at any given time. After college people typically emerge beyond relativism, able to compare, evaluate and synthesize contradictory information in order to make a judgment about it. 
We draw on three critical theorists to develop our definition of critical thinking. First, Michel Foucault (1980) posits a two-way relationship between power and knowledge, such that the production of Truth can be said to be a political process. Resistance emerges as a productive critical thinking practice inside these very forms of power that Foucault criticizes. Second, we employ Jacques Derrida’s (1976) practice of deconstruction and his notion of questioning the condition of the question (Derrida, 2002), that is, what assumptions precede the question? Both Derrida’s condition of the question and Foucault’s two-way relationship between knowledge and power call upon us to examine underlying epistemic assumptions as in King and Kitchener’s work. Third, we draw on Harraway’s (1991:187) critical and reflexive relationality that asks engineers and scientists to look in the mirror and see how power operates in our life and work and to be mindful of our actions in relation to one another and the planet can reinforce or upend power. 
Utilizing these theoretical frameworks, we take critical thinking to be a live and dynamic critique of the subject matter at hand and our relationship to it. We argue that in order for students to be critical thinkers it is essential for them to ask questions and especially why questions. However, when students are encouraged to ask questions and to question knowledge and power, basically to ask why, they may do so in such a way that becomes mechanical and thus uncritical and unintelligent, strategically focused on grade rewards. As educators then, is not our role to ask why they ask why?  Is this not one of the effective ways to engage in a pedagogic relationship that is grounded in critical thinking? This is where critical and developmental theory converges to suggest that critical thinking requires a level of reflectivity. But the pedagogical relationship itself retains structures and power dynamics that must themselves be deconstructed. 
When we talk about thinking critically about engineering we mean to include not only Zussman’s call to question the ends of engineering practice, but also students’ questioning of their own relationship to engineering and their learning process within engineering as an essential aspect of being critical about engineering. The reflection and self-reflection that thinking critically about engineering provides are great motivators because they bring about meaning. Could it be that thinking critically about engineering might lead to an active and meaningful unification of critical thinking in all aspects of engineering?  
Methodology: We sought to develop learning methods and course content that would address critical thinking across multiple contexts and educational outcomes, and that would encourage critical thinking both in and about engineering. This approach was implemented in an engineering thermodynamics course at a liberal arts college. Course innovations included:
· Reading and essay on the use of liberative pedagogies 

· Foucault reading and essay on truth and power.

· Regular reflections via blog on course content as well as student learning.

· Critiques of content in and out of class, including a related test question.

· Open-ended assignment on the relationship of thermodynamics to everyday life.

A learner-centered assessment strategy was developed that simultaneously assesses and develops student critical thinking skills via blog reflections. Thus, the student work itself served as important data on the achievement of critical thinking outcomes. We assessed student work utilizing King and Kitchener’s developmental stages and surface, deep, and strategic approaches to learning (Marton, Hounsell, & Entwistle, 1997). Additionally we collected data via formative and summative course feedback surveys, and via focus groups conducted by a researcher external to the classroom environment. Students were asked in focus groups about their learning in the class, and the strategies they were employing and that the instructor employed; about the reflective blog assignments and their role in their learning and professional development; and about the impact of the class in their lives overall. Data were analyzed qualitatively, drawing out themes from the text of student responses. 
Results and Conclusions: Students demonstrated improved critical thinking “in” and “about” engineering, as measured by student work, self-reports, and observations; they questioned course content, learning process, and engineering education. In students’ essays on Foucault, we were able to identify different stages of intellectual development. While most students understood correctly the truth-power relationship described by Foucault and applied it using present-day or historical examples, some students clearly misunderstood Foucault to be saying either more absolutist things, such as “knowledge is power” or that science is pure and not subject to power, or that truth is relative. Students became critical of the textbook and the course syllabus, as evidenced in essays, a test question, classroom discussions, and blog reflections.
In the focus groups, critical thinking frequently came up without prompting questions. Students volunteered that they were learning to think critically, and raised traits they felt had improved such as intellectual humility and problem-solving ability. Cross-disciplinary thinking was cited as having a role in developing student critical thinking. Asking questions was linked to empowerment as a learner.  Focus groups also revealed the ongoing process of developing reflective judgment, as students sought clarity and certainty, and expressed anxiety about the time and effort required of them, and about the interdisciplinariness of the course. 
Thinking critically about engineering provides a meaningful context that is not normally created in the kind of learning that focuses exclusively on problem solving or experimental design. Not only did critical thinking about engineering provide motivation for students to be serious about their study, but it also provided a unifying framework bringing together critical thinking in various aspects of engineering
It is clear from our data that being reflective is something that students can be uneasy about. Such resistance is part of learning to be reflective, and a natural reaction to leveling the instructor-student playing field. The role of student motivation in critical thinking is central, requiring both reflection and relationship. 
Recommendations and Future Research: Engineering educators should define critical thinking to include epistemic awareness and a critical view of ourselves and the field. As a result of this study showing that bringing the notion of reflection into learning is so important, we should most definitely bring reflection as part of the assessment of student effort and engagement. This will require a deep re-thinking of assessment processes and practices. Future work will explore critical thinking in different engineering classroom settings, including adaptations for a first-year course in mass and energy balances and an upper-level elective course in engineering and global development.
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