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Abstract

An [nvestigation of the Effect of Task Design on the Development of Critical
Thinking Skills by Engineering Students.

Geneviéve Légaré, Ph.D.
Concordia University, 2002

There is much literature on the theory, the practice and the research on critical
thinking skills. Several theoretical definitions have been proposed for these skills which
are also referred to as "higher order thinking skills". Although Bloom's taxonomy of
cognitive skills still serves as the groundwork for the study of critical thinking skills,
categories such as "analysis", "synthesis" and "evaluation" have been refined over the
years by subsequent scholars and researchers. Hence, more current models tend to include
aspects such as metacognitive skills, handling multiple perspectives, decision making
skills and critical thinking dispositions.

The rationale for teaching critical thinking skills at all levels of the educational
process is not questioned: it is generally assumed that these skills are desirable for any
students to function adequately in society. The challenge, however, becomes one of
teaching methods. It is assumed that constructivist approaches provide more opportunities
to engage critical thinking skills than regular teacher-centered methods because they
usually offer novel problems or perplexing situations.

However, research on teaching critical thinking skills, especially in higher
education, remains sparse. Most studies, exploratory in nature, are conducted with very

small groups of participants, mainly in social science domains. Content of online
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collaborative discussions, usually facilitated by an instructor who uses a scaffolding
strategy, tends to be the preferred source of data for research on critical thinking skills.

This study investigated the effect of task design on the development of critical
thinking skills by engineering students. It was hypothesized that the introduction of
complexity in instructional activities would increase the incidence of critical thinking
skills. Specifically, a “complexity” variable was incorporated in the instructional tasks
carried out individually by the participants. Participants (N = 65) were fourth year
engineering students registered in the course “Impacts of Technology on Society” (Engr
492) at Concordia University.

A quasi-experimental time-series design was used to carry out this study, which
was conducted over a period of six weeks. Five instructional tasks constituted the
treatments; students’ written productions provided the main source of data. Individual
feedback and instructor’s interventions during the data collection were controlled.
Students were debriefed upon completion of Task 4. Performance on the first two tasks
provided the baseline for the pre-treatment level of students’ critical thinking skills. The
baseline of the treatment group was compared with that of the non-treatment group to
establish group equivalence.

A modified version of Herrington and Oliver’s synthesis of critical thinking skills
instrument was used to analyze the data. A trend analysis confirmed that the overall
treatment had a positive effect on the incidence of observed critical thinking skills.
Results indicated that the first level of the complexity variable embedded in the case
study (Task 3) triggered a higher incidence of critical thinking, as well as a different set of

critical thinking skills. On the second level of complexity, students in Tasks 4 and 5
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showed fewer instances of critical thinking skills than in the earlier Tasks. An exploration
of the outcome on those tasks suggests that simulation, as an instructional approach,
provides too much complexity for individual learners, and so does not trigger a higher
incidence of observable critical thinking skills. The results are discussed both in terms of

implications for instructional design and for conducting research about critical thinking.
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CHAPTER 1: INTRODUCTION

The ultimate goal of the educational process is to prepare children, teenagers and
young adults for the “real” world. The development of critical thinking (C.T.) skills might
be one of the most important parts of that process. Indeed, it is commonly believed thata
learner who is able to apply critical thinking skills in a variety of situations will be better
equipped not only to survive in the real world but also to take an active and productive
part in it. Critical thinking skills are cognitive skills that are supposed to be triggered
when an individual faces a novel problem or an unexpected situation. Those skills are
believed to be generalizable, that is transferable across domains of knowledge and across
situations. The educational specialist must prepare the learner in the expectation that he or
she will have to apply those skills at any given time.

A lot of literature covers the theory, practice and research on the teaching of
critical thinking skills. Several guidelines, based on the work of theorists such as Ennis,
Paul, McPeck, and to a certain extent Bloom in the field of training, are available to
inform K-12 practitioners on how to integrate critical thinking skills into the curriculum
(for example, Baron & Sternberg, (1987); Halpern, (1997); and how to evaluate those
skills in classroom settings (Ennis, 1993; Norris, 1989; Baron, 1987). In addition, several
attempts, some by “schools of critical thinking”, have been made in past decades to
promote critical thinking skills in various domains and to guide their integration into
curricila. However, research on the subject, especially in higher education., is scant. On

one hand, we still know very little about the conditions in which critical thinking happens



(McMillan, 1987). On the other hand, most studies, exploratory in nature, are conducted
with small groups in social science domains. Such studies tend to focus either on ways to
improve the teaching of critical thinking skills or on the presence of the skills within a
constructivist or collaborative framework.

While there are several models providing guidelines for the teaching of critical
thinking in the classroom (for example, Baron and Sternberg,1987; Halpern, 1997) this
study focuses on the effect of task design on the incidence of critical thinking skills. The
reason for not addressing the role of the instructor was primarily based on the fact that as
proposed by McMillan (1987) and Norris (1985), we still know very little about the
specific characteristics and the individual components of instruction, such as learning
context, teaching approaches, types of exercises or tasks and prior knowledge that affect
the incidence of critical thinking skills. In this study, one component of instruction,
namely types of instructional tasks, has been selected as a strategy to partly address the
question as to how to foster critical thinking skills. In short, focusing on one individual
component of instruction was a means to isolate and to simplify the problem under study.

The students carried out five written assignments or tasks of increasing
complexity. Based on the assumption that a novel situation could trigger the usage of
critical thinking skills (Halpern 1998), complexity variables, characterized by increasing
difficulty, were embedded in the instructional tasks. Leenders and Erskine’s (1987) model
of case difficulty was used to establish the levels of complexity in cases. More
specifically, the analytical dimension (nature of the problem given) and the presentation
dimension (organisation and amount of information given) were used as guidelines to

design the instructional tasks. Since the role of the instructor was “controlled”, the
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conceptual dimension of the case difticulty model was left out of the research design.
Finally, three types of written assignments were used in this study: essay, case study
(complexity level 1) and simulation (complexity level 2). The literature on simulation,
case-based and problem-based learning has been searched for general guidelines to design
the tasks.

A modified version of Herrington and Oliver’s synthesis of critical thinking skills
has been used to analyze the data. Frequencies of “Judgement and Interpretation”,
“Multiple Perspectives”, “Imposing Meaning” and “Metacognition” have been recorded.
However, given the nature of the tasks, two categories of skills were left out: “Dealing
with Uncertainty” and “Decifing of a Path of Action”. Indeed the instructional design
entailed in the written assignments was not appropriate for the observation of those two
cognitive behaviors. In fact, an approach such as verbal protocol analysis for example,
would be a better way to record mental processes implied in the skills “dealing with
uncertainty” and “deciding of a path of action”.

From a practical point of view, the results of this study inform us about the type of
instructional method that triggers critical thinking. Furthermore, we obtain information
about the type of skills triggered by a specific mode of instruction. From a theoretical
standpoint, we gain information about the nature and the incidence of skills given the
instructional tasks. While “Judgement and Interpretation™ skills are more common,
“Multiple Perspectives” and “Imposing Meaning” skills tend to be less frequent. This
finding has implications for further research. One recommendation for future research is
that small frequencies and triangulation of measures be used to identify more precisely

the nature of critical thinking.



Chapter 2 is organized in two sections. First, an overview of the literature on
critical thinking and current research in the field is presented. Secondly, the framework of
the study is presented, including the rationale, the problem statement, and the research
hypotheses.

Chapter 3 describes the context of the study, the methodology, and the procedures
entailed in the process. These procedures include the description of the instructional
design approach, data collection and coding procedures, training of the coders and inter-
rater reliability procedures.

Chapter 4 presents trend analyses of the overall measures of critical thinking
skills first, followed by the findings on the specific categories of critical thinking skills:
“Judgement and Interpretation”, “Multiple Perspectives™” and “Imposing Meaning”.

Chapter $ is organized in two sections. In the first part, the results obtained in
Task 3, and in Task 4 and S are analyzed and discussed. In the second part, reflections on
the process of conducting research in the field of critical thinking are offered. This part of
the discussion aims at identifying the challenges posed by conducting content analysis in
the study of critical thinking.

| Chapter 6 synthesizes the findings and the reflections presented in chapter 5. The

limitations of the study are revisited in order to propose new avenues for future research.
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CHAPTER 2: LITERATURE REVIEW

In this chapter, a comparison of the terms “critical thinking” and “higher order
thinking” is drawn. Then, an overview of current instructional approaches that foster
critical thinking skills is presented and is followed by a review of research conducted in
higher education settings. In particular, five aspects relevant to this study will be
highlighted. They are: 1) domain and sample size; 2) research design in a constructivist
environment; 3) content analysis of discussion data; 4) use of frequency data; 5) time and
practice. Finally, the rationale for the study and its problem statement conclude this

section.

Critical thinking skills or higher order thinking?

The literature tends to confuse critical thinking and higher order thinking (Lewis
& Smith, 1993; Halonen, 1995). Indeed, several labels —higher order thinking, rational
thought, reasoning, problem-solving -- are used interchangeably to describe an
intellectual activity that goes beyond what is generally understood as basic (Lewis &
Smith, 1993). Essentially, the term “critical thinking” arises in the field of humanities
whereas “higher order thinking” has evolved within a scientific context.

On one hand, the field of psychology, evolving in a scientific paradigm, tends to
examine higher order thinking in the context of problem solving (Lewis & Smith, 1993).
In this case, the steps in the process of solving a problem can be easily identified,
resulting in a compartmentalization of skills to be acquired by the learner. In addition,

problem solving skills can be easily classified into either basic or higher order thinking
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skills, so that the acquisition of the former becomes prerequisite to the latter. This
dichotomous categorisation of cognitive skills leads to models that influenced all fields
related to education. The work of Bloom (1956) and its impact on the field of
instructional design present a good example of this hierarchal approach to cognitive
skills.

On the other hand, critical thinking is defined as reasonable reflective thinking
that is focused on deciding what to believe or do (Ennis, 1987). While Ennis’ definition
implies some sort of action, others such as McPeck and Brookfield, both cited in Garrison
(1991), emphasize the reflective meaning of the term “critical”. Halonen (1995),
however, suggests an hybrid definition to encompass both action and reflection. Thus
critical thinking is “The propensity and skills to engage in activity with reflective
skepticism focused on deciding what to believe or do” (Halonen, 1995, p.77).

This definition draws on the discipline of philosophy, wherein the purpose of
acquiring critical thinking skills through the processes of argumentation and Socratic
dialogue are used to “guard against the propensities of humans to accept fallacious
arguments and draw inappropriate conclusions” (Resnick, 1987). From that point of view.
critical thinking connotes an evaluative, judgmental flavor. In practice, learners acquire
critical thinking skills by exchanging ideas, debating points or, in exams, by developing
their answers with supportive arguments (Lewis & Smith, 1993).

However, it now seems generally accepted, notwithstanding the philosophical or
the pscyhological paradigm, that what were thought of as basic and higher order thinking
skills are interwoven in the teaching and the learning process (Resnick in Lewis & Smith,

1993), to the degree that it becomes futile to distinguish between them when developing



teaching approaches. Furthermore, higher order thinking implies that there is an
interaction between “cognitive strategies, metacognition and non-strategic (domain-
specific knowledge) during novel problem solving” (Young, 1997). In addition, according
to Braten (in Young, 1997), the cognitive and metacognitive components “interact in a
complementary way”.

Furthermore, Ennis (1987) suggests that the ability to think critically is not enough
to qualify “good” thinking: One needs not only to possess the required skills, but should
also be willing to act upon and to apply them at the appropriate moment (Ennis, 1987
Halpern, 1998). In essence, we are speaking about critical thinking skills and critical
thinking dispositions (Halpern, 1998). According to Tishman, Jay and Perkins (1993),
dispositions are composed of three elements: 1) the ability to carry through a behaviour;
2) the sensitivity or alertness to appropriate occasions to display the behaviour and 3) the
inclination to behave in a certain way. Seven dispositions or tendencies have to be
considered while fostering critical thinking in the classroom (Tishman & Andrade, 1993).
They are:

1) disposition to be open-minded and adventurous
2) disposition toward sustained intellectual activities
3) disposition to clarify and seek understanding

4) disposition to be planful and stategic

5) disposition to be intellectually careful

6) disposition to seek and evaluate reasons

7) disposition to be metacognitive.



While some dispositions are easier to observe in practice, those attitudinal
components are best taught by an enculturation process (Tishman, Jay, & Perkins, 1993).
According to the authors, the teacher, instead of focusing solely on the critical thinking
skills, could use cultural exemplars, encourage class interactions and use direct teaching
strategies to cultivate, to nurture the dispositions to think critically.

Halonen (1995) also addresses the issue of dispositions but she adopts a broader
perspective. Speaking of “propensities” rather than dispositions, she extends Passmore’s
definition of “critical spirit”. She suggests we consider four propensity elements to
critical thinking : the first propensity is affective which is, according to Brookfield (in
Garrison, 1991), essential to motivate the learner. An element of surprise in the
instruction, for example, would trigger the use of critical thinking skills. Then, there is the
attitudinal aspect, which as Halonen explains, borrows on Paul’s conception of
intellectual and moral virtues. The virtues include intellectual humility and courage.
integrity, empathy, perseverance, fairmindedness and confidence in reason. The third
element is physiological readiness (fatigue, well-being etc.) which, according to Halonen,
is rarely addressed in the critical thinking literature. Finally, metacognition is also
considered a propensity and is defined as a “kind of scrutiny given to the process, the
product and the changes in the thinker that result from critical thinking activities”.
(Halonen, 1995; p.77).

[n summary, three key features relevant for the purpose of the current research can
be highlighted. First, it is no longer useful to isolate thinking skills as high or low.
Instead, “higher order” thinking skills take many forms, including metacognitive skills,

and interact in a complementary fashion. Second, all definitions imply that critical



thinking skills or higher order thinking occur when a novel problem is being solved
(Young, 1997) or in a “perplexing situation” (Lewis & Smith, 1993; Halpern, 1998).
Remarkably, this key feature is generally taken for granted, even though the usage of
thinking skills depends on the individual’s history (Lewis & Smith, 1993). In other
words, a particular problem may require higher thinking skills for person A, yet person B,
because of previous experience with a similar case, will find the same problem relatively
easy. Person B would then be solving a routine problem, and therefore, would not be
using critical thinking skills. Finally, being good thinker requires not only to ability to
think critically, but also a readiness to think critically in appropriate circumstances.

For educators, the challenge then becomes one of instructional design: How does
one create a learning situation whereby most individuals will have to use critical thinking
skills to solve a problem? How do you incorporate the enculturation process for the
teaching of critical thinking dispositions? What are the conditions and the characteristics
of instruction that are most likely to trigger higher order thinking? More specifically,
when does critical thinking occur during the learning process? Are there identifiable
conditions which stimulate the use of critical thinking skills? [n order to answer some of
these questions, it is necessary to look at the instructional approaches that are used to

foster the development of critical thinking in the learner.

Instructional approaches

According to Halpern (1998), the teaching of critical thinking is based on two
assumptions. First critical thinking skills are clearly identifiable and definable so they can
be taught to be applied appropriately. Secondly, since the skills are recognizable, and

teachable, the students can be made effective thinkers. (Halpern, 1998, p.451). These



assumptions lead to two branches of the literature concerning the teaching of critical
thinking skills. On one side there are provisions focusing mainly on the role of the teacher
and offers strategies that can be taken to foster critical thinking. In that body of literature,
instructional models or strategies for integrating a specific set of critical thinking skills
(for example, developing arguments), using different approaches (inquiry, problem-based
etc.) are proposed. The other branch of the literature is more technology driven. In this
area, interactive or collaborative environments are created, while drawing on

constructivist principles to foster critical thinking skills. Both paths are explored in the

following paragraphs.

Teaching strategies

If we assume that critical thinking encompass both the cognitive skills and the
dispositions to think critically, the role of the teacher as a facilitator becomes paramount.
Indeed, Underbakke and his colleagues suggest that for learning to happen, the second
most powerful predictor of how much students learn is the teacher. The most important
predictor is students prior knowledge. The authors pursue this point by suggesting that
“since we cannot control “students’ prior knowledge™ the only remaining variable is the
teacher’s performance” (Underbakke, Borg, & Perterson, 1993; p.138).

General models of teacher training for the integration of critical thinking in their
course outlines tend to be organized around three components. Fogarthy and McTighe
(1993) for example, propose the three story model. The first level focuses on the
acquisition of critical thinking skills. The second level focuses on the design of
opportunities to involve the students, that is the instructional strategies to foster critical

thinking attitudes. The last level targets lifelong learning of critical thinking skills, so the
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teachers are presented with strategies to increase the chance of transfer from learning in
the classroom to real-life situations.

Halpern (1998), on the other hand, suggests more specifically what should be
taught to teachers. She proposes that the instruction of critical thinking should encompass
four elements: the disposition and attitudinal element; instruction in and practice with
critical thinking; the structure of the instructional activities aimed at tansfer across
contexts; and a metacognitive component used to assess and direct learning. In essence,
teaching students to become good thinkers requires more than the acquisition and practice
of the skills per se and so should include the modelling of good thinking as a means to
address the question of disposition.

As mentioned earlier, there are in the literature several instructional strategies and
approaches proposed to teach critical thinking in general , or in a specific set of skills.
Given the purpose of this study, only two main strategies—discussion and writing
exercises—will be addressed here. An overview of other strategies and the skills they
address is presented for the purpose of illustration in Appendix .

Good thinking is either modelled or facilitated by the teacher (Halpern, 1998) or
demonstrated through an enculturation process (Tishman et al., 1993). While some
propose that critical thinking is more a dialectic process (Paul, 1987; Kuhn, 1999), others
suggests that writing is more appropriate for fostering individual thinking skills (Wade,
1995).

The main advantage of classroom discussions as a strategy to foster critical
thinking is the possibility for the student to benefit from peer-to-peer interaction. As

mentioned earlier, exchange of ideas allows one’s peers to be challenged. Verbal
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exchanges might also constitute an opportunity for weak writers to express themselves
more easily (Baron, 1987). In addition, the teacher can model good thinking or scaffold
the instruction. King (1995) for example, uses a questioning strategy to foster both the
acquisition of critical thinking skills and dispositions. Before class, each student prepares
two or three “thoughtful” questions, and in class, the teacher selects one to discuss as a
group or in pairs. Although King recognizes that such an approach requires more time
than lecturing, she suggests that the strategy is centered on students’ needs. The main
disadvantage of class discussions is that not every student gets to participate (Wade,
1995).

Writing is also another activity that is frequently used to foster critical thinking
skills. Wade (1995) for example, contends that writing exercises have the advantages of
getting everyone to practice taking an active part in the exercise. Writing also fosters
dialectic reasoning, that is, the students have time to look at the other side of an argument
and allow for the refinement of ideas. Finally, and perhaps more importantly, much of the
time spent writing focuses on reflection, not on immediate reaction about what is said in
class (Wade, 1995).

In summary, both approaches have their disadvantages and advantages. The
selection of one particular strategy might very well depend on practical constraints of the
learning situation. In any case, these are but two approaches to teach critical thinking.
Perhaps the wisest approach would be to use a combination of both class discussion and

writing exercises in order to reach a broader spectrum of students’ needs (Baron, 1987).
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Interactive encvironments

Researchers and developers of interactive computer-based environments generally
assume that the application of broad constructivist principles in the design of instruction
should trigger the use of critical thinking skills by the learners. For instance, Young
(1997) contends that the key features of situated cognition are crucial when higher order
thinking is the “target of instruction”. Hence, the leaming environment should integrate
collaborative social interaction, authenticity, scaffolding, as well as reflection about the
metacognitive processes.

Following the same logic, Herrington and Oliver (1999) have created a
multimedia environment that incorporates nine characteristics of situated learning, as a
means to investigate students’ thinking abilities. These characteristics are somewhat more
precise than what Young (1997) proposes. They include: 1) authentic context; 2) complex
authentic activities; 3) multiple perspectives; 4) expert performances; 5) coaching and
scaffolding; 6) opportunity for collaboration; 7) reflection; 8) articulation; and 9)
authentic assessment (p.5).

In another study, McLoughlin & Oliver (1998) and McLoughlin (1997) put a
stronger emphasis on social interaction as a means to foster higher order thinking in a
distance learning environment. Vygotsky’s concept of proximal development as well as
reciprocal teaching strategies have been used because “when learners have to explain
ideas to each other ...” a more explicit and organised understanding can result, often
referred to as higher order thinking (Mercer in McLoughlin and Oliver, 1998).

Bullen (1998) created a collaborative computer-conferencing environment with

the purpose of exploring student-student interactions as well as student-facilitator
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interactions. Cognitive dissonance was believed to arise from the collaboration, thus
increasing opportunities to create conditions favorable for the use of critical thinking
skills. The content of the telediscussions was analyzed using Norris and Ennis critical
thinking skills criteria. The work of Newman and his colleagues represents another
attempt to explore the incidence of critical thinking in computer supported cooperative
work (Newman, Webb, & Clive, 1995).

Adelskéld, Aleklett, Axelsson, & Blomgren (1999) designed a genuine problem-
based approach for graduate students from all domains studying at a distance. The
research group used figures, data and charts as a basis for their instructional strategy to
trigger discussions that might lead to the development of critical thinking skills. As part
of the learning process, students had to exchange ideas and thoughts as well as determine
their learning goals.

In summary, both branches of the literature represent attempts to foster good
critical thinking. As we have seen, several approaches in both classroom education and in
computer-based interactive environment have been proposed as means to enhance the
learning of critical thinking skills. The next issue then is to explore the extent to which
the teaching and the learning of such skills is efficient. Issues pertaining to the
measurement of critical thinking skills, both for the purpose of evaluation and research

are covered in the next section.

Evaluation of critical thinking skills: State of research

The field of critical thinking is alive and kicking, yet research on the subject, at
least in higher education settings, remains scarce. On one hand, the number of

experimental studies available is somewhat limited. In addition, the results from critical
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thinking tests are disappointing (Norris, 1985), to the point that some have been
questioning not only the validity of the instruments (Norris, 1985; Coffman, 1987), but
also the reason for using such tools to assess the efficiency of instruction (McMillan,
1987; Norris, 1989). On the other hand, case studies lead to results that are difficult to
replicate or to generalize to the population. Some researchers conduct content analyses of
on-line discussions, classroom interactions and written assignments to attest of the
incidence of critical thinking. The challenges of measuring and assessing critical thinking
are explored in following sections.

Two authors have conducted reviews of empricial evidence on critical
thinking. McMillan (1987), used the term “critical thinking” and found 21 studies
conducted between 1950 and 1985. Seven of those studies were by the same authors
(Dressel and Mayhew). Gibbs (1985) on the other hand, used more stringent selection
criteria based on experimental assumptions. He retained only nine studies conducted over
approximately the same time span. An overview of their conclusions is presented in the
following paragraphs.

Perhaps the most striking observation is the use of weak experimental designs
in most studies. Only one study (Bailey, 1979) used a true experimental design reported
by McMillan (1987). All the other studies used a quasi-experimental approach. Gibbs
(1985) recognized that practical constraints prevented the researchers from using
randomization procedures, which would reinforce the generalizability of the results.

Another common point made by both reviewers is that, although the evidence
is weak, college education does seem to contribute to gains in critical thinking. In

addition, senior students tend to do better than freshman. College students who do well



on critical thinking tests upon entry do not improve as much as the ones who did poorly.
This might suggest that college education is more efficient for weaker than stronger
students. Although McMillan warns about the danger of such hasty conclusion, he fails to
recognize that such phenomenon might be attributable to rival hypotheses such as a
“ceiling effect or tendency to regress towards the mean” (Borg & Gall, 1989). McMillan
(1987), however, underlines that these results have to be taken with caution because of
extraneous variables such as maturation and mortality.

Instructional variables such as peer-to-peer interaction, teaching approaches.
teacher effectiveness, level of student participation in class, student-teacher interaction
and learner characteristics have been explored, and again, inconclusive results are
obtained. There might be gain in critical thinking in general but “association evidence is
weak” (Gibbs, 1985; p.145). Although the evidence suggests that critical thinking can be
taught efficiently (Halpern, 1998), the current instruments are not precise enough to
reveal what exactly is contributing to accrued critical thinking (McMillan, 1987).
However, two recent studies, Tsui (1999) and Anderson, Howe, Soden, Halliday, & Low
(2001), have demonstrated that it is possible to associate critical thinking with more than
one instructional factor. What is interesting about these studies is that they used an
alternative modes of evaluation. Tsui used a self-reported measure, Anderson et al.
triangulated content analysis and critical thinking tests. These studies will be examined
subsequently.

Another criticism of critical thinking tests concerns the issue of time. In order
to think critically, students need time to reflect (McMillan, 1987; Coffman, 1987).

Testing in a contrived environment is probably not conducive to applying critical thinking
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skills, but also to applying them properly. Furthermore, the time lapse between the
teaching and the practice of critical thinking - for example over one term - might be too
short to prove any long term impacts of the instruction (McMillan, 1987). If longitidunal
studies would represent a better alternative, other factors such as maturation, mortality,
and college experience factors might constitute rival hypotheses (McMillan, 1987). In
short, there is no simple recipe for designing a research study on critical thinking skills.

Hence the results of research on critical thinking have been disappointing. In view
of the constraints outlined earlier, it seems that the limited results might be attributable to
the instruments used in evaluating or conducting research on critical thinking skills
(Gibbs, 1985; Norris, 1985; Coffman, 1987; McMillan, 1987; Norris, 1989). Most of the
studies reviewed by McMillan and Gibbs used standardized tests as a means to measure
critical thinking in pre-test posttest studies. While those authors surreptitiously suggest
that such tests are not appropriate for research projects, others contend that we can
improve them (Norris, 1989; Ennis in Norris, 1989).

There is a wide choice of standardized instruments available on the market

(see for example, Baron, 1987). The tests most frequently used in both research and
evaluation studies are the Watson-Glaiser Critical Thinking Appraisal and the Cornell
Test of Critical Thinking (Gibbs, 1985; McMillan, 1987; Norris, 1989). Those
instruments are composed of multiple choice normative test items and cover various sets
of critical thinking skills such as inductive and deductive reasonning, judgement and so
on (Norris, 1989). The main criticism, as we have seen earlier, is that those tests are not
designed to measure the specific impacts of instructional methods, teacher effectiveness,

and course design on critical thinking. The lack of evidence might lead to fauity a
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conclusion, mainly, that the instruction was ineffective. A good example of this can be
observed in Anderson et al. (2001). They found some evidence of critical thinking gains
when they analyzed peer interaction and students’ written assignments, but the
participants performed poorly on the Smith-Wetton Critical Reasoning Test. The outcome
of the test led the authors to conclude that critical thinking is not generalized to another
situation. Given the results obtained using other measuring methods, the authors could
have legitimately challenged the validity of the instrument.

Significantly, students as a rule do poorly on standardized tests. Norris (1985)
for example, reports that the median scores of undergraduate students on the Watson-
Glaser CTA tests range between 52 and 60 out of a possible 80. The best performances
are recorded for MBA (66) and medical students (68). The results are even lower for high
school students. These results led Norris (1985) to two conclusions that should be taken
with caution. First, the exercise of critical thinking as measured with standardized
multiple choice tests is an uncommon phenonmenonm amongst learners. Secondly,
critical thinking is uncommon amongst the general population (Norris, 1989), even to the
extent that less than half adults think critically (Garrison, 1991). Again, critical thinking
may be an uncommon phenomenon that occurs in complex and messy situations
(Halpern, 1998), but it would be too reductionist to base our understanding on the sole
evidence of these tests.

In a later article, Norris (1989), without rejecting all together the use of the
main standardized tests, challenges the validity of such instruments. One one hand he
contends that even if a test item is well designed and tested to measure effectively the

presence of critical thinking, students during the test may not respond as expected due to

18



time or dispositions, as mentioned earlier. This does not mean that the student is not apt
to think critically. On the other hand, he contends the tests are designed to measure the
product of critical thinking, not the process of thinking critically. The student thus may
come to the correct conclusion, using faulty or inapropriate reasonning.

The distinction between evaluating the product and the process of critical
thinking is an important one, especially considering how they are defined. If we consider
the disposition to think critically, that is a willingness to apply critical thinking, it would
be paramount to develop at least some sort of measure that factors in the thinking process,
including ability to think, sensitivity to the occasion, and disposition to act (Ennis, 1987;
Tishman et al., 1993).

Several suggestions have been made to improve the instruments. The most
common one is that the tests should have some kind of open form (Coffman, 1987), to
provide an opportunity to justify answers. The Ennis-Weir Essay Test caters to that need.
requiring multiple choice resopnse, but also a justification for the choice. While those
tests are more costly to use because of the time required in marking them, they represent a
viable alternative to generic standardized tests.

Another suggestion is to develop in-house tests (Coffman, 1987; McMiillan,
1987). The advantage would be that the test developers are more in tune with what the
curriculum addresses and as a result, the test items would be more closely related to what
the students have learned. The test would be more enlightening as to what was effective
in terms of instruction or teaching approaches (McMillan, 1987). They would also be

more sensitive to the context of learning and the subject matter that was taught.
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If some suggest solutions to improve the validity of standardized tests, others
take a more radical stance and challenge the basic rationale of those tests. Coffman
(1987) for example, suggests that the modern approach to developing tests be
questionned. He raises the issue of the norm, that is, the use experts’ understanding of
what consitutes critical thinking skills and the development of test items that seek to elicit
that outcome. He revisits the work of Tyler. Tyler first observed participants’ behaviors in
situ and then developed items to match these behaviors -in other words, developing a
situation-specific “norm”. A recent study on decision making in social science domains,
(Osana, Bennett, & Tucker, in press) also raised the issue of using the “expert” norm to
explore adolescents’ underlying reasons for making decisions. Using a norm as the basis
for creating assessment models or test items poses interesting challenges, with regard to
time and money constraints as well as intellectual issues.

Notwithstanding the issues raised above, the reliablity of standardized tests is
not seriously challenged in the literature. Gibbs reports that the reliability value on
multiple choice and essay tests are usually .70. The Glaser-Watson CTA reliability
values range from .69 to .89 whereas the averaged coefficient values for the Comnell Test
is slightly higher (Level X: .80 and Level Y: .71).

In more recent studies however, it seems that the use of standardized instruments
as a means to measure gains in critical thinking has been put aside. The preferred mode of
inquiry tends to be content analysis. We have seen earlier that some are conducting
content analyses of student’s contribution in on-line environments (Henri, 1992;
Newman, Webb, & Clive 1995; Bullen, 1998; McLoughlin & Oliver, 1998 Herrington &

Oliver, 1999; Winnips, Collis, & Moonen, 2000); Others are observing peer interaction in
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the classroom (McLoughlin, 1997; McLoughlin, Baird, Pigdon, & Woolley, 2000;
Anderson, Howe, Soden, Halliday, & Low, 2001). Some are combining content analyses
and testing strategies to assess critical thinking (see for example Anderson et ai., 2001).

Finally, Tsui (1999), used a completely different approach. The author surveyed
fourth year college students about the impact of their education on critical thinking skills.
She used a self-reported measure to question the students about their relative growth in
their perceived ability to think critically. Using a block regression analysis, she explored
the relationship between two independent variables and their impact on critical thinking.
The variables were “Course” which comprised information about the number of courses
by domain (writing, science etc.); and “Instruction” which included items such as “paper
criticized by teacher” “multiple choice exam” etc. She found that student perceptions
related to both variables, but one cannot consider either of them independently.
Obviously, the use of a survey as a tool and the design of the study (one self-reported
measure of critical thinking) to collect data might be criticized. However, what is
interesting here is the idea of using self-reported measure for the assessment of critical
thinking. We may envisage a research design that would incorporate a carefully
developed self-assessment tool that could be triangulated with other intruments or
methods to analyze the impact of instruction on critical thinking.

[n conclusion, there are some limitations entailed with these modes of
measurement, difficulties that arise in conducting a content analysis. Nevertheless, if
standardized tests might not be ideal to assess the incidence of critical thinking skills nor
to explore the specific contributions of instructional stategies on gains in critical thinking,

content analyses represent a viable choice, at least for the purpose of research.
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In this section, we explored some of the challenges and the difficulties entailed in
the teaching and the evaluation of critical thinking. [n the next section, some elements of
theoretical interest are revisited, in order to establish a framework and rationale for the

study.



Framework for the study

In this section, five features in the literature have been highlighted to create a
framework for this study. These features, sometimes descriptive, sometimes reflective,
synthesize the state of research on critical thinking skills and lead to a rationale for the
study. They are 1) domain and size of sample; 2) research design in a constructivist
environment; 3) use of content analysis of discussion data to assess critical thinking; 4)

use of frequency data to assess critical thinking; and 5) time and practice.

Domain and size of sample

The first noticeable aspect of the current state of research concerning critical
thinking skills in higher education settings is that the sample sizes are usually relatively
small. In case studies, such as McLoughlin (1997), Bullen (1998), McLoughlin & Oliver
(1998), as well as in evaluative experiments (Adelskold, Aleklett, Axelsson, &
Blomgren,1999; Herrington & Oliver, 1999), samples tend to include less than 20
participants, and most often less than 10. In addition, most studies tend to be conducted in
social sciences domains such as ethics (Bullen, 1998; Calkins, & Armstrong, 2000;
teacher education (McLoughlin, 1997), and educational technology (Herrington & Oliver,
1999; Winnips, Collis, & Moonen, 2000). To my knowledge, no study has been done
investigating critical thinking skills of engineering students. In contrast with the studies
listed here, the participants will apply critical thinking skills to a domain of study (social

studies) different from their main academic programme (science) (Quellmalz. 1987).
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Research design in a constructivist environment

With the exception of Herrington and Oliver’s work (1999), most studies do not
investigate the specific characteristics of constructivism as independent variables. In fact,
it is generally assumed that situated learning, for example, as supported by Young (1997),
will automatically create an environment favorable for the development of critical
thinking skills, as well as trigger the use of those skills. From a pedagogical point of
view, constructivist principles might appear to create favorable conditions. However,
from a research point of view, it is difficult to attribute actual critical thinking outcomes
to a specific characteristic of constructivism.

For instance, one might question the specific contribution of a collaborative
strategy in the development of critical thinking skills, that are, after all, an individual
manifestation. Several factors within collaboration might trigger higher order thinking:
team composition, interest in subject, willingness to work with others, nature of the task,
experience with a group and of course, individuals’ a priori ability and disposition to
think critically.

The effect of scaffolding strategy on critical thinking skills represents another
challenge for the study of critical thinking skills within a constructivist framework. Very
often scaffolding, at least in projects regarding critical thinking skills, takes the form of
individualized feedback (for example, Bullen, 1998) or individual coaching (McLoughlin,
1997). Despite noticeable exceptions (for example, Herrington & Oliver, 1999;
McLoughlin, 2000), scaffolding is seldomly integrated into the instructional activities per

se. Moreover, even in comparative studies, the effect of scaffolding is often disputed. For



example, Winnips, Collis and Moonen (2000) did not find significant resuits in their
study that specifically investigated scaffolding.

To summarize this point, constructivist learning environments tend to be taken for
granted when designing a study on the use of critical thinking skills. The potential for
pedagogical benefits is not disputed here. Difficulty arises not only in testing, but also in
simply describing the effects of specific characteristics such as scaffolding and
collaborative learning on the development of critical thinking skills. Since the
characteristics of constructivism are numerous, the range of instructional design options

expand, thus complicating the interpretation of results.

Content analysis of discussion data

The third, and perhaps the most interesting feature in current research on critical
thinking skills is that the majority of investigators use the content of telediscussions or
oral performance to assess the presence of those skills. Talk-aloud protocols have been
used as a means to investigate critical thinking skills. However, the usefulness of oral
performance is currently being challenged in the field (Herrington & Oliver, 1999), for
one reason, “because at the point when students are engaged in problem-solving, they
become quiet, possibly due to cognitive overload”. One solution has been to use less
obstrusive observational methods such as videotaping students’ interactions in the
classroom (Anderson et al., 2001).

On the other hand, the study of telediscussions necessarily entails the recording
and the classification of lower order speech events, such as social and procedural
utterances (for example, Bullen, 1998; Henri, 1989). High frequencies in such categories

might obscure more interesting research data, the less frequent higher order thinking
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skills. As mentioned earlier, critical thinking tends to happen in novel situations, which
are, by definition, exceptional (Halpern,1998).

Furthermore, content analysis is not a straightforward task. Ahuvia (2001)
suggests that even in traditional content analysis where raters are coding “denotative” or
manifest meaning as opposed to “connotative” or latent content in visual or written texts,
the inter-rater agreement might still be relatively low. He cites a study by Gilly (1988)
where raters had to identify the type of setting (restaurant, private house, public space) in
ads. This relatively simple coding scheme led to an inter-rater agreement of 67%. Ahuvia
concludes that achieving reliability when the main object of research is to identify the
connotative meaning of a focal text might be an impossible task.

For the purpose of illustration, the proposed standard of inter-rater agreement for
content analysis is .90 (Miles & Huberman in Harwell, 1999). If we transpose the
difficulty of analyzing content into the field of critical thinking skills, it is not surprising
that reliability coefficients even on standardized tests range from .70 to .80. In addition,
given the fact that critical thinking skills are complex and ill-defined (Halpern, 1998) and
that some skills might be composed of more than one element (Ennis, 1993), achieving an
acceptable level of inter-rater agreement when conducting a content analysis might be an
elusive goal.

There is no ready-made solution to the challenge of achieving an acceptable level
of agreement in content analysis of critical thinking skills. There are, however, some
provisions that can be made to improve the inter-rater reliability, such as a comprehensive
training sessions for the coders or the negotiation of the meaning of the codes between

raters (Ahuvia, 2001). Another indirect strategy consists of reinforcing the internal



validity of rating data, by ensuring that the coders are “ interchangeable” or that they
represent a parallel form of instrument (Harwell, 1999). This strategy entails the control
of extraneous variables such as history, mortality, instrumentation, which contains
instrumentation decay and practice effect, and finally, the threat of imitation or diffusion
(Campbell & Stanley, 1966). Those issues have been adressed in the present study and are

explained in the Methods chapter.

Use of frequency data

The fourth feature of current research on critical thinking skills concerns the
expectations researchers hold for the frequency results. Indeed, the most common way to
assess critical thinking skills is to count their frequencies during a given learning event.
High frequencies might make measurement and comparisons easier. However, it is not
logical to expect high frequencies for a phenomenon that, by definition, should only
happen in novel situations, in non-routine types of problems. In fact, the challenge, as we
have seen earlier, is to create a learning situation that will be novel for the majority of the
learners.

Frequencies on critical thinking skills are not as enlightening as we would wish.
At most, one might obtain a high count on certain indicators; one might be able to show
that, given certain conditions, “judgement” for example, will occur more frequently than
“self-regulatory activities” within a given group of participants. We are simply observing
the incidence of the skills; we are not assessing the quality of thinking nor the disposition
to think critically. A student could exhibit a skill in a given situation, but the usage of that
skill might be inapropriate given the circumstances (Ennis, 2002). In addition, a high

count might be due to personal characteristics of the participants, or their previous
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history. In short, results on frequency counts are difficult to generalize. One solution,
when practical constraints are not too limiting, would be to use several measures of

critical thinking skills at various times (McMillan, 1987; see also Anderson et al., 2001).

Time and practice

Thinking critically requires time and reflection (McMillan, 1987). Constrained
environments or testing situations where time is limited might lead to inconclusive or
misleading results on the performance of critical thinking (McMillan, 1987; Gibbs, 1985:
Norris, 1989). On the other hand, demonstrating critical thinking in online environments
(synchronous or asynchronous) might be too demanding on the part of the students who
have to read, think and type a reply while online. While practical constraints does not
allow to conduct a study over more than one term as proposed by McMillan (1987), the

issues of allowing time for reflection and practice of the skills are addressed in this study.

Students will be writing weekly essays over a period of six weeks.

Rationale for the study

[t seems that while research about critical thinking yields mixed or disappointing
results, strategies for integrating the teaching of critical thinking in the curriculum are
voluminous (Norris, 1985). Yet, we still have limited knowledge as to which specific
parameters of the instruction are contributing to the incidence of critical thinking. This
study focuses on one parameter of instruction, that is the instructional strategies. The

problem statement is as follows:



Problem statement

The proposed research will investigate whether task design can contribute to the
development of students’ higher order thinking skills. Specifically the level of complexity
in task design is manipulated in this study (see Leenders and Erskine’s model of Case

difficulty presented in Table 3.3).

Research questions and hypotheses

Main hypothesis:

The introduction of “complexity” in instructional activities will increase the use of

critical thinking skills.
Secondary hypotheses:

Hypothesis 1: Complexity “Level 1” variable

HO = p gr2.13 = 0,
HA=p g2 <pam

The complexity Level | variable corresponds to the second level of the analytical
dimension (a problem is given; the student has to find a solution) and to the second level
of the presentation dimension (the case contains an average amount of information with
some extraneous data) (see Table 3.3).

Hypothesis 2: Complexity “Level 2" variable

HO =y yr3.14 =0,
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HA = g3 < g1a

The complexity variable Level 2 corresponds to the third level of the analytical dimension
(student has to identify both the problem and the solutions) and the third level of the
presentation dimension (the information provided is less organized and contains a large

amount of extraneous data) (see Table 3.3).

Hypothesis 3: Evidence of transfer

HO = u ¢r4-1s =0,
HA = p ¢14 < gt5

Hypothesis 4: Baseline

HO=p 4112 =0,
HA=pm#pan

Hypothesis 5: Group equivalence

HO = u gcut-trme (1) = 0,
HA = p 4cTrL # 1 TRMT

The relationship between writing abilities and critical thinking skills will be

explored.

Hypothesis 6:
Participants whose English writing skills are high will demonstrate critical

thinking skills more frequently than participants whose skills are low.
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Reasons

Issue of transfer

[n the proposed study, participants educated within the scientific domain will be
asked to apply their thinking skills within a social science domain. The skills, according

to Quellmalz (1987), are said to be transferable from one domain to the other (see Table

2.1).
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Table 2. 1 Examples of Applications of Higher Order Reasoning Skills in Three
Subject Domains.

Science Social science Literature
Analyze Identify the Identify the Identify the components
components of a components of an of literary, expository,
process or the features |argument or the and persuasive discourse
of animate or elements of an event
inanimate objects
Compare Compare the properties | Compare the causes Compare meanings,
of objects or events and effects of separate |themes, plots, characters,
events and of social, settings, and reasons
political, economic,
cultural, geographic
features
Infer Draw conclusions, Predict, hypothesize, Explain characters’
make predictions, pose |conclude motivations in terms of
hypotheses, tests, and cause and effect
explanations
Evaluate Evaluate the soundness | Evaluate the credibility | Evaluate form,

and significance of
findings

and significance of
arguments, decisions,
and reports

believability,
significance,
completeness, and clarity

Written exercises

Instead of using talk-aloud protocols or discussions held in electronic forums,

student written work in a regular credit course will be used as the main source of data.

The decision to use written assignments as a strategy to assess the incidence of critical

thinking is in keeping with the issues of time and practice outlined above.

[ndividual work

For reasons outlined earlier, scaffolding strategies and collaborative learning have

been deliberately left out of the design of the current study. The point is to neutralize as

much as possible extraneous variables such as individual feedback, in order to examine

the specific impact of a given strategy on the critical thinking performance.




Complexity of the situation

In keeping with the literature, it is assumed that a novel situation or an ill-defined
problem triggers the use of critical thinking skills. Thus, complexity of instructional
content becomes an independent variable in the study. To generate critical thinking,
instructional tasks have been designed following principles borrowed from the field of
simulation (Jones, 1985; Thiagarajan & Stolovitch, 1978), case study in teaching
(Leenders & Erskine, 1989) as well as problem-based learning (McBumey, 1995;
Adelskold et al., 1999). Specifically, Jones’ (1985) guidelines for designing simulations
were followed to establish a correspondance with reality (Thiagarajan & Stolovitch,
1978). The simulations had to contain the descriptions of the role of the participant, the

mandate, the context and the tools necessary to carry out the simulation.

Data

Finally, to analyze the incidence of critical thinking, a modified version of
Herrington & Oliver’s (1999) synthesis of higher order thinking skills, which is
essentially based on Resnick’s work and comprises most current articulations of critical
thinking, will be used as a framework of analysis. Specifically, only the indicators
“Judgement and Interpretation”, “Multiple Perspectives” and “Imposing Meaning” will be
used to analyze student work. The instructional design of the course under study will not
generate examples of “Deciding on a Path of Action”, “Self-Regulation of Thinking” and

“Uncertainty”. Herrington and Oliver’s synthesis is presented in Table 2.2.
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Table 2. 2 Herrington & Oliver’s Synthesis of Higher Order Thinking.

Revised
characterisat
ion of HO

Corroborating definitions of HO
thinking from other theorists

Indicators for the purpose of
classification

Uncertainty

*  Asking, clarifying questions (Ennis,
1993)

Any questions or statement seeking
clarification of requirements, or
uncertainty.

Deciding on a
Path of Action

e  Deciding what to do (Lewis and Smith,
1993)

¢  Browsing and searching (Duchastel,
1990)

Any statement referring to a suggested
course of action

Any question asking opinion on a course
of action.

Judgement and
Interpretation

¢  Identifying conclusions, reasons and
assumptions (Ennis, 1993)

e Developing and defending a position on
an issue (Ennis 1993)

¢ Defining terms in a way appropriate for
the context (Ennis, 1993)

*  Making contributions which are relevant
and connected to prior discussion
(Newmann, 1990).

Any statement which seeks to defend a
position taken on an issue

Any statement which connects to, and
furthers the discussion

Any statement which defines terms in a
way appropriate for the context

Muitiple
Perspectives

*  Angling (establishing different
perspective) (Duchastel, 1990)

e  Assuming the role of questioner and
critic (Newmann, 1990)

Any statement which suggests an
alternative approach

Any statement which challenges a
conclusion or a previously made point by
providing an alternative perspective.
Any statement which challenges a
perspective given in the MM program.

Imposing
Meaning,
effortful
thinking and
multiple
solutions

¢  Drawing conclusions when warranted,
but with caution (Ennis, 1993)

e  Offering explanations for conclusions
(Newmann, 1990)

¢ Deciding what to believe (Lewis &
Smith, 1993)

e Integrating (interrelating conceptual
elements) (Duchastel, 1990)

e  Generating original and unconventional
ideas, explanations, hypotheses or
solutions to problems (Newmann, 1990)

e  Creating a new idea, a new object, or an
artistic expression (Lewis and Smith,
1993)

s Making a prediction (Lewis and Smith,
1993)

Any statement which states a conclusion
Any statement which offers a summary of
the point of view adopted

Any statement which states a belief or
original perspective on the subject matter.
Any statement which proposes alternative
solutions to problems.

Any statement which recognises that
alternative approaches have different
costs and benefits

Self-Regulation
of Thinking

e  Applying metacognitive skills (Vockell
& van Deusen, 1989)

Any statement which expresses an
awareness of thinking processes or
understanding.

Any statement which acts on awareness of
thinking to affect change.
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CHAPTER 3: METHODS

Participants

The participants in this study are students in Engineering and Computer Science
enrolled in Impacts of Technology on Society (ENGR492) offered by Concordia
University in Montreal. It is a mandatory course for fourth year students although a few
third year students may decide to take the course earlier in their program. The main goal
of the course is “to give an understanding of the issues and complexities of the role and
effects of technology on society and the planet”. The content is organized using a matrix
framework whereby a set of different technologies is presented from different
perspectives. Some of the dimensions covered include: environmental, social, ethical.
[nstructional approaches are varied and include lectures, class discussions, guest speakers.
case studies, and the use of WebCT.

There are three sections of ENGR492 offered per term (Fall and Winter), which
represents a potential sample size of approximately 300 students. Since this study was
conducted in the Winter term, the potential sample was reduced to 150 participants. It
should be noted though that for the winter term, enrollment in the Social Aspects courses

tends to be lower than in the fall. Participation rate in this study for the three sections is

shown in Table 3.1.



Table 3. 1 Total Number of Participants in the Study

Sections Condition Enroliment Winter |Agreed to participate in the
2001 study
Section A |Treatment 51 44
Section B |Treatment 33 30
Section C  [Non-Treatment (Baseline) 32 29
TOTAL 116 103

Here it should be added that although the enrollment in section C for the winter

2001 was officially 51 students, only 32 students were present when I presented the

project in class, thus affecting the potential size of the sample.

Out of 116 students, 110 filled out the consent form and the short survey (see

Appendices II and III). Among those who filled out the questionnaire, 103 agreed to

participate in the study, with female students constituting 13.6% of the sample (N = 14).

This represents a participation rate of 93.6%. Participation in the study was voluntary.

The students were told that their non-participation would not affect their grade.

Nevertheless, if a student chose not to participate, he or she still had to carry out the tasks.

Unlike other engineering courses, ENGR492 sections are heterogeneous. Students

come from all programmes offered by the University: civil, industrial, mechanical,

electric, computer and building engineering. Figure 3.1 shows the distribution of the

students per programme.
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The majority of the students is registered in mechanical engineering (N = 50).

Only three students come from civil engineering and one from building studies.
In addition, one of the most striking characteristics of the Engineering and
Computer Science clientele is the diversity of ethnic origins. The distribution of the

participants’ mother tongue and language of schooling is presented in Figure 3.2.
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According to the results on the item (N = 100), 44 respondents indicated English
as their mother tongue, 15 indicated French, and the remainder indicated another
language (N = 41) (see Figure 3.2) . The other languages listed are: Arabic (N = D,
Armenian (N = 2), Bengali (N = 1), Chinese (N = 3), Greek (N = 1), Gujrati (N = 2),
[talian (N = 6), Korean (N = 1), Mandarin (N = 4), Persian (N = 1), Polish (N =2),
Spanish (N = 4), Tamil (N = 1) and Urdu (N = 1). Five participants did not specify their
mother tongue. On the other hand, approximately half of the respondents (N = 52)
reported they did most of their schooling (K-12) in English, 36 respondents indicated
French and 12 indicated another language. From these results, we may say that
approximately 14 allophones were required to attend French school by law (Bill 101). We
may suppose that those students were studying in their third language. Finally, 13
respondents indicated a foreign student status as opposed to 84 Canadian students.

This information is relevant in so far as engineering students are not used to
writing texts during their university education. They do not practice their writing skills to
the same extent that a student in history or political science would for example.
Accordingly, the students were also asked to evaluate their perception of the level of

English writing skills. The results on the item are presented in Figure 3.3.
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Out of 100 respondents, the majority perceived their English writing skills as
“Very Good” (N = 33) or “Good” (N = 28). On the other hand, no student perceived their
skills as being “Very Weak™.

Respondents were also asked to indicate their current grade point average (GPA).
The overall GPA for the sample is 3.01. The mean is slighlty higher for the non-treatment
group (N =29) with 3.13, than in the treatment group (N = 74) with 2.96.

Although computer skills are not the object of the study, it was still important to
know to what extent the participants used e-mail tools, since the Tasks were to be posted
in WebCT. As we can see on Figure 3.4, the majority of students (N =60) use e-mail on a

daily basis, and 32 do so two or three times per week. Only two never use e-mail.
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Context of the study

The course ENGR 492 is usually taught by part-time faculty. The instructors were
approached by the head of the Social Aspects programme about the possibility of
conducting a study that would make use of WebCT. Two instructors agreed to participate
and one declined. The latter nevertheless agreed to provide access to students’
assignments, if there need be. The students did not know prior to registration in a section
which professors were participating in the study. Finally, the current project was designed
in collaboration with the intsructors and the head of the programme, taking into
consideration both practical constraints and research requirements. The details of the

project are provided below.

Number and type of assignments.

The team agreed that the WebCT activities would be individual written
assignments as opposed to on-line collaborative discussions on given themes. This
decision was made in light of the target population. Although engineering students
occasionally have to work in teams during their university education, they are not used to
exchange ideas and discuss social issues. In short, on-line group discussions would have
entailed extensive modelling just to instil the culture of discussion.

In addition, we agreed that there would be five Tasks and the last one would count
as the Short Paper. The first four Tasks were perceived by the instructors as a “practice
run” for the Short Paper (Task 5). Furthermore, the team agreed that Task 4 should have

the same structure as the Short Paper. The specific type and the order of Tasks was the



responsibility of the researcher. In other words, the instructors did not know what exactly
the students would have to do. The sequence of Tasks and the rationale for them is
discussed in the Research Design section of this chapter.

WebCT was used mainly as a mode of communication to deliver the Tasks to the
participants. All five tasks were made accessible to student at a specific time on WebCT
site. Students could browse or download the instructions for their project (see Appendix
[V). Since WebCT is a secure site, no other students had access to the course than those

registered in the class.

Topics for the Tasks
The selection of topics for the Tasks was done in collaboration with the

instructors. We used the following criteria to guide the choice of topic:

1. Relevance. The topic should be related to the content of the course. Once
the topic was selected however, it could not be addressed directly in the
classroom. In other words, the professor could not use the selected topic
as a theme of discussion or as an example during the semester.

2. Richness and complexity. The proposed topic should be rich enough to
allow for developing a theme from several perspectives. Hence, in light of
the conceptual framework of the course, the topic could be analyzed from
an environmental, social, political, economical, or ethical perspectives.
Furthermore, positions on issues pertaining to the selected technology or

the technological domain could not simply be right or wrong.



3. Not too technical. This criterion is related to the specificity of the

5.

population. Indeed, the team did not want to use topics that would render
descriptions of how something works, instead of fostering an analysis of
its impacts on society. Furthermore, it was essential to avoid specific
topics that would have favored a given segment of the sample. For
example, telecommunication technologies would have favored electrical
engineering students, bridges, the civil engineerring students and so on.
Enough information available. This criterion was used mostly for
instructional design purposes. The quantity of information available had
to be sufficient enough to sustain four Tasks. The sources of information
(articles, books and websites) had to be varied, as well as being accessible
to both the researcher and the students. Finally, some of the information
should be presented as graphics, tables or charts.

Interest. The topic had to be interesting enough to sustain the interest of

the students over a four week period.

[n addition to these criteria, we deliberately avoided topics that were
considered sensitive or that drew on emotions or religious beliefs. Topics such
as “human cloning” or “reproductive techniques” for instance, would be better
discussed in class. Suitable topics for the project included: “Energy” and the
specific types of power (hydro-electricity, clean energies, nuclear power,
petrolium etc.); modes of transportation for goods (rail, air, water, land);

communication technologies, medical and pharmaceutical and time keeping
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Partition of work

Another agreement reached among the team members is that the portion of the
course conducted on WebCT was the responsibility of the researcher. In other words, as a
strategy to avoid introducing counfounding factors in the study, the instructors agreed not
to look at the outputs of the students. The professors avoided talking or prompting about
the Tasks in class or giving clarifications to the students. In fact, questions and inquiries
were redirected to the researcher via WebCT e-mail. Technical problems (registration or
access to WebCT) were also sorted out by the researcher. Students were told so during the
introductory session of the project (see Appendix [V). Any inquiries or complaints about
the participation were directed to the researcher. The only exception to this was
misbehavior on the part of the student.

Consequently, the introduction of the project, the presentation of the WebCT
environment, the holding of the drop-in session, the posting and the grading of the Tasks

and the debriefing session were the responsibility of the researcher.

Assessment of tasks

To ensure that the students would carry out the Tasks, we decided to allocate a
participation grade for completing the Tasks. Hence, the first four Tasks were given a
participation grade by the researcher, whereas the fifth Task was graded for content and
quality of writing by both the instructor and the researcher (see Table 3.2). As mentioned
earlier, since the Tasks were an integral part of the course load, students who declined to

participate in the study still had to carry out the Tasks.
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Table 3. 2 Assessment of the Tasks

Tasks Type of assessment Assessed by
e Tasks I to ¢ Participation worth 10%: e Researcher
Tasks 4 e Technical aspects: doing the
task on time and according to
the norms
Effort
e Task 5 (Short | ¢ Content assessment worth e Course instructor and researcher
Paper) 20% (marked all paper and shared
comments. Adjusted the grades
by discussing reasons).

The first four Tasks were worth 2.5% each. Two criteria were used to assess
participation: a) conducting the task on time and according to the directives outlined in
the Tasks Instructions document (see Appendix [V) and b) Effort put in the task as
perceived by the researcher. The participation grades were given after the completion of
Task 5 as a means not to bias the student during the data collection process. The first four
tasks were not graded for content and the students were given no feedback indicating how
well they were doing. The short papers on the other hand, received no participation grade
and were assessed for their content according to the following criteria: relevance of the
sources, clarity of analysis, synthesis, and so on. These criteria have been suggested by
the programme director and are usually the grounds for evaluating student performance.

The rationale behind this "participation” strategy is that the students would get a
chance to practice their critical thinking and writing skills before writing their Short Paper
(Task 5). It was assumed that by not providing feedback, the students would take greater
risks, become more creative while practicing. However, the absence of feedback probably

had a negative impact on their motivation. Some students were probably wondering about
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how well they were doing. This in turn may have led the students to question the

relevance of the learning experience and therefore spending less time on the tasks.

Debriefing session

At the origins of the research project, we planned the study without any feedback
to the students. The participants would have received individual comments after Task 5.
Given the pedagogical context, it seemed unfair to the students to carry out the Tasks
without any feedback as to how well they were doing. Taking into account the research
design, we could not give individual comments to the students, in case that triggered the
use of critical thinking skills, thus causing a threat to the study. As a compromise, it was
decided to run a debriefing session as a means to provide group feedback (see Appendix
VI).

The debriefing session was led by the researcher and was planned between the
fourth and the fifth tasks in both treatment groups. The pedagogical goal of the debriefing
session was to increase the chances of transfer from the first four tasks to the Short Paper.
Content of the debriefing included an overview about the sub-themes selected by the
students, the different perspectives taken and the solutions proposed. Questions and
feedback from the students were also addressed during the discussion. They could express
their opinion about the topic, the type of documents and the purpose of the exercise.
However, in order to prevent confounding the study, a specific definition of critical
thinking skills was not provided to the students. The outline of the debriefing session is

presented in Appendix VI.
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Pilot study

A pilot study was run during the Fall semester 2000. The structure of the pilot was
essentially the same as the study and served the double purpose of improving the
instructional aspects of the project, as well as fine tuning the research procedures. A
summary of the most important changes carried out is explained below. The complete list

of changes is presented in Appendix VII.

Design of Task 3

One of the most important change conducted as a result of the pilot is the design
of Task 3. Originally, Task 3 was an essay. The complexity variable was embedded in the
information package provided with the Task instructions. For Task 3, the students were
required to improve Task 2. The information package was in a separate document and no
specific directives were given as to how to use it. What [ expected is that the students
would use the information as a way to support their arguments, but very few students
made use of the information package. As a result, Task 3 was redesigned as a case study.

Another reason motivated the redesign of Task 3. It seems that moving from a
regular essay (Task 3) to writing a scenario (Task 4) represented a gap that was too
important to surmount for the perceived value of the exercise. In the debriefing session,
the students clearly emphasized that the effort that had to be put in the exercise was
greater than the grade value of the Task. Their comments led us to modify the grading

scheme of the Tasks.
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Grading scheme
As a result of the feedback given during the debriefing, the grading scheme

was modified. In the pilot, the participation grade was given for carrying out the Task on
time and according to the norms. In the study, we partitioned the grade into “effort” and
“doing the Task on time and according to the norms”. This strategy was adopted to

improve the perceived value of the exercise.

Choice of topics

Another significant change that was made as a result of the pilot concerns the
change of topics between Task 4 and Task 5. In the pilot, we used the topic *“Impacts of
the Motorcycles™ in Tasks 2, 3, 4 and “Impacts of Printing” in Task 5. The main problems
that arose is that first, the topic of printing was too broad, especially given the time
allowed to carry out the task and second, the students did not have prior knowledge about
the topic. Consequently, the students remained on the descriptive level instead of
conducting an analysis of the impacts of printing. Furthermore, in several instances the
students quickly surveyed the history of printing, leaped forward in time to offer clichés
or refer to common knowledge about the internet. Clearly, the change of topic between
Tasks 4 and 5 hindered the thinking and effort of the majority of the students.

Consequently, instead of changing the topic for Task 5, we decided to use a related one.

Instruments

Two instruments were added in the final study: a log of time spent on the tasks
(self-reported measure) and a post-task questionnaire (Appendix VIII). Both instruments

were created using the “quizz” feature available on WebCT. Once the questionnaire or



the time-logs were completed and officially saved, the students could not go back and

change their answers.

Drop-in sessions

In addition to the two in-class presentations conducted at the beginning of the
semester, two informal drop-in sessions were planned for students who might have
difficulty creating their account or logging on to WebCT. The two sessions were held on

Friday mornings of the first two weeks of classes. No student droped-in to seek help.

Methodology

Experimental design

The study utilized a quasi-experimental time-series design with the participants in
the treatment condition treated as a single-group. The treatment consists of five WebCT
tasks to be carried out over a period of five weeks. Outputs of the tasks provided the

research data, as shown in figure 3.5.

X101 X202 X303 X404 X505

O(Non-Trtmt)

Where X = Treatment and O = Output

Figure 3. 5§ Experimental Design



Ol and O2 were used to establish a baseline for the current critical thinking skills
of the group. Complexity is introduced in O3, 04 and O5. A significantly greater number
of occurrences of critical thinking skills should appear between O2 and O3 and between

03 and O4. Evidence of transfer should appear between O4 and OS.
Treatment variables

The manipulated independent variable

The manipulated independent variable is the level of complexity integrated into
the design of the tasks. Complexity in this study is characterized by difficulty in the
instructional task, which shifts from a typical essay assignment (Tasks 1 and 2) to a case
study (Tasks 3, 4, and 5). According to Leenders and Erskine (1989), the degree of
difficulty in a case can be understood by using three major dimensions: analytical,
conceptual, and presentation. Each dimension is subdivided into three levels of difficulty.
When designing a case study for students, any combination of level of difficulty and
dimensions may be applied, depending on the desired learning outcome. A summary of

their guidelines is presented in Table 3.3.
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Table 3. 3 Three Dimensions of Case Difficulty

Level of Analytical Conceptual Presentation
difficulty
1 Problem and Concepts are easily Limited extraneous
solution is grasped by the materials
presented majority Data neatly presented
Ask student what and straightforward
they think
2 Problem is given Concepts require Average amount of
Students provide further clarification information
a reasonable through class Some extraneous data
solution discussion, practice
or reinforcement
3 A situation is Concepts require Large amount of
given extensive extraneous data
Students have to clarification through Information is less
find problems and class lectures organized
solutions A minority is Requires sorting data
expected to
understand

In this study, the focus is on the analytical and the presentation dimensions. In

Task 3, complexity is introduced as level two of difficulty on both dimensions. Hence,

students are given a problem for which they have to find a reasonable solution. Data are

presented in a relatively straightforward fashion and include some extraneous

information.

Tasks 4 and 5, in contrast, reflect a level three of difficulty on both the analytical

and presentation dimensions. A situation is depicted to the students. Their goal is to

identify the problem(s) and offer relevant solution(s). A set of data, from different

sources, some which are more or less relevant, is presented to them. They might or might

not use the data; if they do, they have to select the appropriate facts and figures in order to

support their positions. Again, engineering students are trained to find the best possible
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solution to a well-defined problem. Within this study, the researcher creates an ill-defined
problem for which there might be more than one acceptable solution.

Feedback in this study is a controlled variable. The facilitator (i.-e. the researcher)
does not provide comments about the content, skills or approaches that might influence
the students’ performance on the tasks. The only type of individual feedback given
concerns presentation: students might be told how to format their messages or how to
send attached files properly. If broader advice or instructions need to be delivered, a
comment (document or message) would be posted on WebCT for the benefit of the whole

group.

Non-manipulated independent variables

A short survey gathered demographics, student characteristics, such as mother
tongue, language of schooling, programme of study and other variables which might
affect performance (see Appendix III). In addition, the students could give feedback in a
post-task questionnaire avalaible on WebCT, about their interest in the topic, the type of
tasks they found most engaging or least relevant, and so on. (see Appendix VIII).

Another non-manipulated independent variable is English writing skills (hereafter
E.W. skills) to see whether or not there is a relationship between writing skills and critical
thinking skills. The students’ writing skills were evaluated by an expert in “Teaching
English as a Second Language”. More details are provided later in this chapter and the

results of the E.W. skills assessment are presented in the next chapter.
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Dependent variables

The content of the students' work on the five tasks was coded using a revised
version of Herrington and Oliver’s indicators of critical thinking skills. Frequencies of
critical and non-critical thinking skills were recorded. The main indicators of critical
thinking skills were: “Judgement and Interpretation”, “Multiple Perspectives”, “Imposing
Meaning” and “Metacognition”. The Non-C.T. units categories were "Statements” which
includes factual and declarative sentences, opinions and beliefs, and "Varia" which is
comprised of any statement which is “Organisational”, “Procedural”, “Not a Sentence”,
or “Direct Quotes”. The coding book is presented in Appendix XX.

It must be added that although the instructional approaches (essay, case study,
simulation) selected to conduct this research project is not conducive to foster
metacognitive skills, the indicator "metacognition” was kept from the original model. In
rare occasions, some students were being reflective about their own thought processes.
Finally, another exploratory dependant variable was added to the coding book which is
the “Use of visuals”. “Visuals”, in this study, include any graphic representation of data
such as tables, graphs, figures, pie charts of even pictures. To a certain extent, “Visuals”
may be used in the same way as a quote, that is, to illustrate, to support, to challenge a
statement.

As mentioned earlier, time spent on task has been recorded. Students were asked,
via WebCT, to keep track of their time spent on researching, reflecting and writing. The

results are presented in the next chapter.
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Other variables

The coders’ log, in which the time spent coding a Task and the sequence of coding
were recorded, were collected (see Appendix IX). The purpose of the coding logs was to
gather information about potential order effects of coding. In addition, the raters were
instructed to use the “memo” feature in Nud*ist to document any hesitation between
codes and subsequently to outline their reasonning supporting their decision. Finally, the
raters kept a journal in which they noted their reflections, ideas and suggestions. The
inter-rater reliability checker used the same note keeping techniques—memos and

journal--as the coders, but filled out a different coding log (see Appendix X).

Instruments

A complete list of the instruments used in this study is presented in Table 3.4



Table 3. 4 List of Instruments

Instrument Data generated by | Appendix

Consent form Participants I

Short Survey questionnaire eliciting the Participants I

following information: Personal information,

mother tongue and language of schooling,

computer skills, job etc.

Log book for students: Time-spent on Task (in Participants VIII (Item A)

WebCT)

Post treatment questionnaire to students: Effort | Participants VIII

put in Tasks, Interest in Topic, etc. (in WebCT)

Coding Book based on Herrington & Oliver’s Participants XX

model of indicators of critical thinking skills

Coder’s log book for time spent and order of | Coders IX

coding

Coder’s notebooks Coders N/A
Reliability checker

Nud*ist memos to document coding hesitations | Coders N/A
Reliability checker

Coders’ Post-Task Questionnaire Coders XXI
Reliability checker

Inter-rater reliability checker’s log book Reliability checker X

E.W. skills criteria (include this in E.W. skills evaluator |In text

instruments?)

Originally, [ planned to collect data about the WebCT frequencies, that is to

identify which pages were visited and how often. However, the WebCT tool is not




precise enough to follow the specific itinerary of a given subject. At best, it reveals

information about login frequencies or last access to WebCT.

The order and type of tasks

The students in the treatment condition had to complete five different assignments
over a period of six weeks. There were two essays, one case study and two simulations.
Students had one week to complete their task and return it to the researcher via WebCT.

The order and type of Tasks is presented in Table 3.5.

Table 3. 5§ Order and Type of Tasks

Number of | Type of Task Topic

Tasks

Task | Essay Technology

Task 2 Essay Food Production

Task 3 Case Study Food Production

Task 4 Simulation Food Production

Task 5 Simulation Genetically Modified Foods

The Tasks increased in difficulty from relatively simple as represented by the
essays (Tasks | and 2) to the more complex and time consuming ones (Tasks 3, 4, 5). The
rationale was as follows: Engineering students tend to have very little experience in
writing essays and other "freer form of assignments”. Their learning is usually assessed
during exams or quizzes (Hawe, 1991). Their only other writing experience occurs in the
technical writing course. So the essay format was selected to provide a warm up to the

students from a pedagogical standpoint, and to create a baseline of critical thinking skills.



Procedure

In the next section, the procedure used in each component of the study are
described, respecting the logical unfolding of the project. The content revolves around
three main axes: design of the Tasks, data collection and coding and reliability
procedures. First, an outline of the process of instructional design of the Tasks is
presented. The details of the data collection procedure follow. Thirdly, the steps involved
in a content analysis are explained. These include data management strategies, testing the
instrument, training the coders, coding procedures, inter-rater reliability measures, and
reliability checking procedures. The last process described is the assessment of E.W.

skills.

Instructional Design procedures

For all five tasks, the students were given few directions, so they knew what to do.
but had to decide what to discuss and how to approach the assignment. The design of the
assignments offering minimal directives is in line with what Resnick (1997) has
suggested about "school culture”, to prevent students trying to please the teacher ("what
do you want me to do"?). By allocating more freedom, it was believed they would select a
motivating approach and choose their own strategies to carry out the task. For example,
some students for Tasks 1 and 2, wrote a position paper, others were more reflective, and
the majority analysed pros and cons. For Tasks 4 and 5, some students used the
opportunity to write a dialogue or a scenario; others wrote a more classic essay. The tasks
instructions are presented in Appendix [V.

As explained previously, since the students had only one week to carry out each

task, it was decided to provide only one topic for Tasks 2 to 4 (food production), and a
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related topic for Task 5 (genetically modified foods), so they would spend less time
seeking information, facts and data, and focus more on the processing of the information
they had. This choice is in keeping with the literature, which suggests that “successful
application of critical thinking skills requires, among other things, a knowledge of the
subject matter and experience in the area in question [...]” (Norris, 1985: p.44; see also
Garrison, (1991); and McMillan, (1987)). However, the danger with keeping the same
topic over at least one month is that the students might get bored, and lose interest in the

issues, especially if they don't like the topic.

Instructional design of the tasks

Since Tasks 1 and 2 were essays, they required little instructional design and
consisted of instructions provided to the students (see Appendices XI and XII). Task 3, on
the other hand, was designed from a real situation (Appendix XIIT). A food emergency
report was found on the website of Food and Agricultural Organisation (FAO)', a sub-
branch of the United Nations Organisation. For this study, the case of Armenia was
selected (October 2000). The name of the country was changed to “*Sayahn™ in order to
prevent the students from looking for supplementary information and the content of the
report was simplified to match Lenders and Erskine’s (1989) complexity variable level
two.

Tasks 4 and 5 were created using the main guidelines for designing educational

simulations as proposed by Jones (1985) and Thiagarajan and Stolovitch (1978).

'http://www.fao.org/WAICENT/facinfo/economic/ iews/english/alertes/2000/srarm 100.htm.
Several parts of the Emergency Report were used with little editing, which raised the issue of copyrights. In
order not to divulgate the exact address of the document, the general FAQ addressed was used in the
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Accordingly, the content of the tasks was organized around four elements: the role or the
function of the student as represented by the Curriculum Vitae (consultant in
communication), the mandate, which was explained in the producer’s letter to the
consultant, a description of the context, depicted in the “Network Bio”, and the facts
necessary to conduct the simulation (information file). The complete simulations are
provided in Appendices XIV and XV.

Regarding the information file, the selection and the organization of the facts
included the document were also done following Lenders and Erskine’s model
(Complexity variable level 3). Most information, both relevant and extraneous, was
gathered on the Web and sorted by type: graphics, full articles, references for print-based
materials and web-site addresses.

It should be added here that despite the design guidelines used for Tasks 4 and 5,
the term “simulation”, in this study, is used rather loosely. In fact, “‘simulations” or “role
plays”, are usually enacted as a group. In instructional contexts, they are used to draw
primarily on emotion and the learning experience is supposed to be catalyzed in the
debriefing period. Since Tasks 4 and 5 were designed as individual tasks, it would be
more appropriate to call them “mise en situation”, that is “complex case studies”.
However, the term “simulations” is used in this study for reasons of clarity.

The tasks were piloted in the Fall 2000 (see Appendix V1I for list of changes
made to the tasks). In addition, all modified tasks used for the data collection were

formatively evaluated by experts. An instructional expert assessed the clarity of the

document. The complete source of information, including the country’s name, was given to the students at
the debriefing session.
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directrives in Tasks 1 and 2. Tasks 3, 4 and 5, on the other hand, were evaluated by at
least two individuals: one subject-matter expert in agricultural and environmental issues
and one instructional expert. The subject-matter expert was asked whether the
information was complete and if not, to identify which issues were missing. The
instructional expert validated the format, edited the content, and checked for potential
bias (leading the students). In addition, the expert validated the treatment variable, that is,
he verified the level of complexity (see Table 3.3) embedded in the assignments. In
addition, Task 3 was validated by a second instructional expert who was asked whether
one could find more than one solution given the information provided. In each instances,
the experts evaluated a printed version of the html document that the students would get
(see Appendices XI to XV). The final version of the tasks however, was not tested with

individuals of the target population.

Data collection procedures

Sequence of events

On the first week of classes, I visited the two sections of Engr492 which by prior
agreement with the instructors were in the treatment condition. The instructor explained
the course outline, then let me describe the purpose and the grading of the WebCT tasks
and how the students would benefit from doing the exercise (see Appendix V).

The students were given a handout developed by the Instructional and Information
Technology Services (IITS) which contained all information about how to use WebCT.
Then followed a live demonstration of how to logon. The students were also shown how

to use the various WebCT features of the site and how to navigate within the site.
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Students were then told that all instructions for assignments and Tasks instructions would
be posted using WebCT, including the course outline. F inally, directives for formatting
assignments and the procedures for sending the Tasks to the researcher concluded the
demonstration session. The Tasks instructions are presented in Appendix V. A question
period concluded the demonstration session.

Then, I presented the project and how their work would be used to conduct the
research. Students were assured that their participation was entirely voluntary and that
their non-participation would not affect their final grade. They were also told that
agreeing to participate did not mean extra work or additional meetings other than the ones
planned. The students then signed the consent forms and completed the short survey (see
Appendix III). The questionnaire was not anonymous but students were assured
confidentiality. Finally, the students were told that if they had problem logging on, a
drop-in session had been planned on the next two Fridays.

[ went back in the groups on the second day of class for a shorter presentation for
students who missed the first class. The students who were thee the first time could
either stay in the classroom or take a hour break. The following week the first Task was
posted on WebCT. As mentioned previously, with the exception of the last Task, the
students had one week to complete their work. Tasks were posted on Wednesday by
midnight (23:55) and they had to be returned by the following Wednesday (23:55), as

shown in Table 3.6.



Table 3. 6 Calendar of Events

Week of: Event
January 1 ¢ Class presentation of WebCT project (section A)
¢ __Consent Forms and Short questionnaires
January 8 e Class presentation of WebCT project (section B)
e Consent Forms and Short questionnaires
® Second class presentations for both sections
e Wednesday 10 (23:55): Posting of Task 1
e Friday 12: Drop-in for coaching on logging in WebCT
January 15 e Wednesday 17 (23:55):
e Posting of Task 2
e Task 1 due
e Friday 19: Drop-in for coaching on logging in WebCT
January 22 e Wednesday 24 (23:55):
e Posting of Task 3
e Task 2 due
January 29 e Wednesday 31 (23:55):
e Posting of Task 4
e Task 3 due
February 5 e Wednesday 7 (23:55):
® Posting of Short Paper Assignment (Task 5)
e Task 4 due
February 12 e Debriefing about Tasks 1 to 4
e Sunday 18 (23:55)*
e Short Papers (Task 5) due
* Completion of the questionnaire post hoc questionnaire about
the tasks.
February 19 ® Posting of the participation grade (Tasks | to 4) on WebCT.
March 8 e Researcher visited the third section (non-treatment group) to
obtain consent
March 15 ¢ Collection of the assignments non-treatment group

*Originally, Task 5 was due on Wednesday February 14. Because of the Mid-Term exam period, both
instructors gave an extension until Sunday, February 18.




Presentation of the project to the non-treatment group

On March 8, I visited the third section of Engr 492 which was used as a non-
treatment group, in order to establish the baseline of C.T. skills of the sample. The goal of
the visit was to obtain permission to access student's second assignment in order to
conduct a content analysis for critical thinking skills. Thus, I introduced myself, presented
the main goal of the study and, as for the treatment group, I briefly explained what were
critical thinking skills (see Appendix IV) and how this study would contribute to
knowledge. Then the students were given the consent form and the short survey to fill
out. Students were told that participation in the study was voluntary and that their non-
participation would not affect their grade for the course. They were also told that the
information on the short survey, although not anonymous, was confidential. Thirty-two
out of a potential 51 students were present on the day of the presentation; 29 accepted to
give the researcher access to their assignments. Out of the 29 participants, 25 handed in

their assignment on time; therefore only 25 were used in the study.

Coding procedures

Selection of coders

For the study, I created a team of three coders, including the researcher. To select
the candidates, I posted a message on the FirstClass server in the Education Department
of Concordia University. Then [ invited the potential candidates to an information
meeting where [ presented the research project, described the coders’ task and what were
my expectations, and outlined the constraints of the projects. Following a question period,

the candidates were asked to complete a short questionnaire (see Appendix XVII).
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Approximately 12 graduate students of all Education programmes attended the
information meeting and eight of them completed the questionnaire. The selection
criteria were “desire to gain from a new experience”, “understanding of the
responsibilities of the coder”, “commitment to the project”, and “availability”.

The selected candidates were both second year Master’s students registered in the
Educational Technology programme. Rater B has a bachelor’s degree in Teaching English
as a Second Language. At the time of the training, she was working as an elementary
school teacher. She had prior experience in coding, but not in the field of critical thinking.
Rater C also has an undergraduate degree in Teaching English as a Second Language, as
well as graduate diplomas in Linguistics and French Literature. Rater A (the researcher)
has a double major in History and Liberal Arts and a Master’s degree in Educational
Technology. [ also know the student population, for having taught as a part-time faculty
in the Social Aspects of Engineering Programme. None of the three raters had prior
experience in the field of critical thinking.

The inter-reliability checker was also selected during this process. A Ph.D. student
in the Educational Technology Programme, she has a Bachelor’s and Master’s degrees in
Psychology. In contrast to the coders, she had prior experience in conducting her own
study on critical thinking skills, but in different conditions (online environments) and
with another critical thinking model.

The background of the raters is relevant insofar as the validity of the instrument is
concerned. Harwell (1999) contends that similar experience and background of the coders
is an important factor to consider but is seldomly documented. In addition, it would have

been preferable for the researcher not to participate in the coding to control for severity
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threat. However, practical constraints —the relatively large number of essays to code in
comparison with the small honorarium received and the limited time frame—had to be
considered. Dividing the work in two would have created other problems affecting the

motivation of the coders (Kneuendorf, 2001) and the quality of work.

Training of coders

In order to reach an acceptable level of agreement between coders, a training
session was conducted. Coding for critical thinking skills is a challenge since the content
is open to interpretation. The challenge is to establish a common understanding of the
codes so the raters will be able to apply the coding book reliably.

The raters participated in a training session designed by the researcher. The
training workshop was planned as a series of individual practice and group debriefing
sessions. There was no specific duration allocated for the training. The coders were told
that when the inter-rater agreement reached a satisfactory level, we would be able to
move to Round 1 (coding used to estimate the inter-rater reliablity; for this, 10% of the
Tasks were coded by all three raters). Though three practice sessions had been planned
originally, we conducted six, which in the end focused on skills that were more
troublesome to code or types of Tasks that were technically more difficult to assess,
such as a discussion scenario. Although the training session focused mainly on
becoming fluent at recognizing the critical thinking skills, other methodological
procedures were presented, such as note taking, reflections on the state of mind and
using the Nud*ist software to view raw data and record codes.

The coding practices were conducted using work produced by students who

participated in the pilot project, thus preserving the research data for analysis. After
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practicing, the coders met in the debriefing session to discuss the difficulties encountered

with the critical thinking definitions. One of the benefits of the practice-debrief approach

is that the definitions were enriched by each of the rater's experience, instead of following
a unilateral view imposed by the researcher.

The ultimate goal of the training session was that all three coders, as well as the
inter-rater reliability checker, understood each other's interpretation of a given definition
in order to reach a common agreement over practical examples: "In this situation, one
would do this".

It should be added that Raters B and C and the inter-rater reliability checker were
not aware of the research hypotheses of the study. Information about the population, the
procedures, the rationale for the instructional tasks and the conditions of the data
collection was not conveyed until after the coding was completed.

Finally, the training session was evaluated by two instructional experts. The first
one conducted an informal formative evaluation. She offered comments on the clarity of
the directives, the length, the interest, the format, the sequence of information. The
second expert evaluated the replicability of the training session, whether or not a person
could take the training manual and be comfortable and able enough to be able to code

essays. The Coder’s Training Manual is presented in Appendix XVI.

Raw data management

A code number was assigned to each document in order to protect the student’s

identity and prevent, during coding, any biases related to the nationality of the students.
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The new codes included information about the course section (treatment and control), the
student’s identity number, the rater’s identity and the Task number and type.

The raters were randomly assigned to Tasks. To do so, a 3 X 3 matrix (AB,C;B,
C, A;C, A, B) was used to generate the codes. The matrix was converted into a string
which was assigned to all Tasks 1. Then the “if-then” formula in Excel was used to
generate automatically the rater’s code for the subsequent tasks. By using this strategy,
the raters coded at least one Task per student, but never more than two. Also, the type of

Tasks was evenly distributed among the raters.

Test of the instrument

The original instrument was tested on Tasks drawn from the pilot study. The
operational definitions were further defined and the less frequent and more complex
categories were identified. Examples of each coding category were extracted from the
documents and included in the Coder’s Training Manual (see Appendix XVI).

As a result of testing the instrument, [ realized that it was necessary to code not
only the critical thinking skills but also the units that were not considered to be critical
thinking. Consequently, the categories “Varia” and “Statements” were added to the
coding book. This strategy was followed to alleviate the cognitive load of the coder. In
other words, it was easier to code every text unit, than to first decide whether or not a unit
should be coded and second, to decide which code it should bear.

As the instrument was tested, strategies for handling more difficult codes were
outlined. Specifically, three strategies were used: 1) identify the key word in the unit; 2)
contextualize the unit; and 3) question student’s intention. The details of this strategy are

outlined in the Coder’s Training Manual in Appendix XVI.
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Coding procedures
Only the summary of the coding procedures is presented below. The detailed

procedures can be found in the Coder’s Training Manual in Appendix XIV.

® No multiple coding allowed, that is one code per text unit;

¢ In the case of indecision, the coder was required to indicate the two codes in a
Nud*ist memo and then decide on one. Reason supporting the decision had to be
provided;

® Coding on paper was permitted but the codes had to be transferred in Nud*ist
without changing th original codes (this allowed the coders to work at home);

¢ Changing coded work was not allowed unless technical mistakes were detected;

e Coders were asked to vary the type and length of Tasks (not allowed to code all

Tasks 1 for example);
o Coders were asked not to consult each other;
® Coders were trained to disregard the quality of expression;

¢ Coders had to keep a journal of thoughts and a checklist to indicate the order of

coding.

Reliability procedures

[n order to estimate the inter-rater percentage of agreement, the following steps
were taken. First, a sample of 10% (N = 37) of Tasks was drawn from the original pool of
data. The selection was random, although the distribution took into account
“representativeness” of the data. In short, a proportional number of tasks was selected
taking into account the type of task, the rater’s code and the group identity. Only one task

per student was selected. Although no specific measure was taken to compensate for
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unusual or less frequent codes, at least three instances of more challenging formats, such
as dialogues and letters, were included in the sample.

The coders were then reminded of the coding procedures. In particular, the coders
were asked to avoid consulting one another, unless a technical problem arose. We agreed
on a 10-day deadline to conduct the rating of the tasks. The coding was done primarily in
Nud*ist, although some was carried out on paper and then transferred into Nud®*ist.

Once the tasks (N = 37) were coded, I exported the frequencies on the coding
categories into an Excel sheet. Then, the raw frequencies for each category were
converted into proportions of text units. This was done for each Task and for each coder.
For example, the total frequencies of document “101 b_t4” for the category “Judgement
and Interpretation” were divided by the total number of units in the document, as coded
by Rater A. The same steps were carried out for each category and for the other two
coders. Once all proportions were calculated, a coefficient of reliablility was established
by pairing the coders for each of the coding categories. The overall reliability coefficients
were obtained by suming the proportions of each of the C.T. categories (“Judgement and
[nterpretation”, “Multiple Perspectives” and “Imposing Meaning”) and the Non-C.T.
categories (“Statements” and “Varia™). The reliability coefficients are presented in Table

3.7.



Table 3. 7 Estimate of the Inter-Rater Reliability of the Coders

Critical Thinking Categories

JUDGEMENT AND INTERPRETATION (1) PAIRS  Correlation
coefficient
AB 0.68
AC 0.66
B_C 0.63
MULTIPLE PERSPECTIVES (2)
AB 0.48
AC 0.57
B_C 0.64
IMPOSING MEANING (3)
AB 0.55
AC 0.54
B_C 0.69
Non-Crititical Thinking Categories
STATEMENTS (5)
AB 0.36*
AC 0.51
B_C 0.48
VARIA (6)
AB 0.96
AC 0.95
B_C 0.97
Overall Coding
CRITICAL THINKING AB 0.58
AC 0.63
B_C 0.76
NON-CRITICAL THINKING A_B 0.25
AC 0.48
B_C 0.72
*p<.05
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[t should be added that two categories were excluded for the estimation of the
reliability coefficient: “Use of Visuals” and “Metacognition”. As mentioned earlier those
categories were included on the coding book for exploratory purposes only and
consequently are not an object of interest in this study.

Although the reliability coefficients are moderate, all pairs but two are significant
at a confidence level of .01. In the “Statements™ category, the pair “A_B” is significant at
.05, whereas the same pair is not significant in the overall section “Non-critical thinking
skills”.

Given the relatively low reliablity generated by Rater A, that person should have
been removed as a coder. The pre-assigned Tasks of Rater A should have been
redistributed to the other two coders for the final round of coding. However, as mentioned
before, practical constraints prevented the adoption of the option.

Before we proceeded with the coding of the Tasks, a brief refresher on the unusual
codes and the technical procedures was provided orally to the raters. The coding of the
Tasks was carried out over six weeks. Rater B worked part-time on the coding, whereas
Raters A and C worked full time.

Finally, the sample used in the reliability round was integrated with the rest of the
data. Only one Task per coder had to be included though. The documents were introduced

in the final sample by using the rater’s identity.

Inter-rater reliability checker procedures

It is often said that even triangulation of measures is not enough to ensure
reliability in a content analysis study or in observational studies. In fact, Bakeman and

Gottman suggest that the use of a reliablity checker has a psychological effet: the raters
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tend to be more consistent and focused on the job at hand. They suggest that the checker
focuses on infrequent codes and rating consistency. However, given the nature of the
study, it was not really feasible to ask a person to check for the right or wrong answer.

Consequently, the procedures were modified to fit our situation. The checker had
to select a sample of 51 tasks and had to use the following criteria. She could not select a
student's work more than once; she had to have an equal number of type of tasks (i.-e.,
Task 1, Task 2, etc.) and she had to have an equal number of tasks coded by Rater A,
Rater B and Rater C. She was not coding the entire text, rather only ten units selected
either randomly or within the first third, the second third or the third third of the text. The
inter-rater reliability checker procedures are provided in Appendix XVIIIL

The last step to estimate the inter-rater reliability would have been to compare the
codes generated by the checker with the work of the raters. However, due to the
complexity of the procedures and the difficulty of assessing partial sections of text, the
measures failed. Specifically, the strategy to select ten units in the first, second of third
third of the text created a halo effect (Harwell, 1999). The reliability checker, especially
when coding in the last third of the paper, had difficulty making sense of the units. To
compensate, she had to go back at the beginning of the text to understand the main
arguement of the student. For that reason, the data generated by the inter-rater reliability

checker were not used in the study.

Preparation of data

[n the treatment group, students’s Tasks were sent by e-mail via the WebCT
environment. The electronic files were either Word, Word Perfect, HTML, ZIP or text

documents. In order to analyze the Tasks in Nud*ist, the documents had to be converted

75



into text files. Also, recognizable text units (sentences) had to be inserted in the text. The
steps involved in the preparation of the documents are presented in Appendix XIX.

For the non-treatment group, we received the paper version of the assignments.
The documents were first scanned and then processed, following the steps outlined in

Appendix XIX.

Nud*ist set up

All documents were analyzed and coded using Nud*ist. The three raters were
assigned their own set of tasks to code. All three projects used the same index tree, which
had been created a priori by the researcher (see Figure 3.6). The index tree of each project
was exactly the same for all three raters. The index tree was created to match the coding
book (Appendix XX). For example, the code for the skill “Challenges a point” under the
category “Multiple Perspectives” corresponded to the node (2 1). It should be added that
the index tree of the codes is not representative of any hierarchy or taxonomy of the
critical thinking skills. Once the coding was completed, the three Nud*ist projects were
merged into one using the merging patch. Finally, the sample of documents that was used

to estimate the inter-rater reliability were merged into the main Nud*ist project.
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Figure 3.6 Nud*ist Interface
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Export of data
The frequencies obtained on each C.T. category were exported as a CSV file, using

the “Export Frequency Tables” tool. Data exports had to be conducted for each separate
coding node, that is to export one table per skill. In Nud®*ist, however, when a category
has sub-categories, additional exports had to be conducted. This was the case for the
skills:
® “Looks at the Other Side” (2 2 1) / “Suggests Alternative Approach” (2 2 2) in the
“Multiple Perspectives” category;
® “Adopts Questioner’s Role” (2 3 1)/ “Considers Viewer’s Perspective” (2 3 2) in
the “Multiple Perspectives” category;
¢ “Predicts or Hypothesizes” (3 2 1) / “Offers Recommendations” (322)inthe

“Imposing Meaning” category.

Furthermore, export tables can only be created for nodes that contain at least one
level of sub-nodes. In other words, if a category such as “Metacognition” does not have
sub-categories of skills, the data are not exportable. To resolve this problem, the node
“Metacognition” was moved temporarily to the “Multiple Perspectives” category, in order
to be able to export the data.

Another downside of Nud*ist, is that only documents coded at the node appear in
the export table. For example, if there is no incidence of the critical thinking skills
“Challenges a point (2 1)”, the document will not appear on the export list. Consequently.
the “missing” document had to be added in manually into the corresponding Excel sheets.

To do so, [ matched the outputs of each export tables with a master list of the documents.

78



The missing documents were inserted in Excel and then the value “0” was added in the

corresponding column of the skill.

Assessment of English writing skills

The English writing skills of the participants were evaluated at the entry level.
The evaluator was a Master’s student in Educational Studies. Her undergraduate degree is
in Teaching English as a Second Language. She has experience in Teaching English as a
Second Language to immigrants and has been using the evaluation criteria outlined
hereafter to assess both oral and written skills of the learners.

All assignments of the non-treatment group and the first tasks of the treatment
group were used to conduct the assessment. To prevent bias, the identity of the students
was stripped from the documents, that is the evaluator did not know the ethnic
background of the students. The evaluator allocated a maximum of five points for each of
the following criteria: “Grammar and Spelling”, “Style”, “Vocabulary Richness”, and
“Development of Ideas”. A score on 20 was then obtained and converted into “High” (>
17), “Medium” (13 to 16), and “Low” (< 12). The reliability of the English writing skills
assessment has not been established in this study. However, the technique is an
established part of Concordia’s literacy test for undergraduate students. Reliability testing
of trained evaluators is part of the literacy testing process. Results of the English writing

skills assessment are presented in the next chapter.
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CHAPTER 4: RESULTS

Preparation of data

Attrition

As we saw in the previous chapter, 103 participants out of 108 students either in
the treatment or the non-treatment group agreed to participate in the study. This
represents a participation rate of 95%. Among those participants, two students (N=2)in
the treatment group abandonned the course and five students (N =5) in the control

condition failed to produce their assignment. The attrition for this study is 7%.

Screened participants

In addition to the students who did not complete the course, some participants
were screened out from the original sample. Three criteria lead to the removal of
participants from the data: 1) missing Task; 2) late submission of Task and 3) text written
in French.

I. Missing Task. Given the structure of the study, participants who failed to carry out
at least one Task were removed from the sample. Students who, for instance,
failed to submit Task 3 did not receive the first treatment variable (Complexity
Level 1). Their outputs for the subsequent Tasks would have been biased. Eleven
students did not carry out one, two or three Tasks and were therefore removed
from the sample.

2. Late submission of Task. Given the nature of the research design, both the order

of the Tasks and the time lapse in between production of the Tasks had to be



respected. Students could not change the sequence of Tasks, produce two Tasks
during the same week or submit their Task after the deadline. In the treatment
condition, one student carried out all five Tasks but was systematically late. His
productions were excluded from the sample.

3. Text written in French. Texts written in French were removed from the sample for
procedural reasons. The assignment of Tasks to the raters was conducted using
randomization procedures (see chapter 3). Texts in French would have introduced
a bias --the ability to read French-- in the coding sample. In the treatment
condition, one student wrote the three middle Tasks in French and Tasks 1 and 5
in English. In the non-treatment group, one student submitted the essay in French.
The outputs of those students were left out of the final sample.

In summary, after applying the screening procedures, the sample of this study
consists of 24 participants in the control condition and 65 in the treatment condition.
Consequently, the results presented hereafter are based on the analysis of 349 documents

produced by 89 participants.

Description of the results

Predicted outcomes

As we have seen in the previous chapter, it was expected that with the
introduction of a complexity factor in the instructional Task, the incidence of critical
thinking would increase. The tasks rendered more difficult would force the students to put

more effort into the assignment, thus demanding a more frequent use of higher order
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thinking skills. As shown in Figure 4.1, [ predicted that use of critical thinking skills

would increase as of Task 3.
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More specifically, Hypothesis 1 predicted that there would be a significant
difference between Task 2 and Task 3 (complexity variable Level 1). Hypothesis 2
predicted that there would be a significant difference between Tasks 3 and 4 (complexity
variable Level 2). Hypothesis 3 suggested evidence of transfer between Task 4 and Task
5. Finally, since Tasks 1 and 2 were used as the baseline for critical thinking skills, no
difference was expected between the means (Hypothesis 4).

The raw frequencies obtained for each coding categories and for each Task are
presented in Table 4.1a. One important aspect to point out is the fact that the number of
recorded units is not identical for each Task. For example, as we can see in Table 4.1a,
there is an important increase of “Judgement and Interpretation” skills from Task 3 (Nj; =
593) to Task 4 (N = 1 290) and to Task 5 (Nj; = 2 045). However, the total number of
units in each Task is also increasing from Task 3 (N uaiunics = 2 068), to Task 4 (N
totalbunits = 3 747) and finally, to Task 5 (N wotal#units = 6 361). This phenomenon is

illustrated in Figure 4.2a.

Table 4.1a Raw Frequencies per Task for All Coding Categories

Task N CT skills NCT units TOTAL
# units
JI__[ MP | IM [ Meta | Stmts | Varia
Task 1| 65| 861 136 180 24 650 121 1972
Task 2] 65| 672 147 217 10 636 115 1 797
Task 3| 65| 393 150 728 26 394 177 2068
Task 4] 65| 1290 416 348 69 900 724 3747
Task 5| 65| 2045 738 590 63 1757 1168 6 361
TOTAL 5461 1587 2063 192 4337 2305 15945
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To solve the problem of dealing with absolute numbers, the raw frequencies were
converted into proportions of skills as a mean to create a common denominator to
establish a basis for comparison. Consequently, the findings presented in both the results
and the discussion chapters are discussed and interpretated as proportions of critical
thinking skills. To obtain the proportions of critical thinking skills, the C.T. scores were
calculated as follows:

Group C.T. score in Task | :

Group C.T. score in Task 1 =  Total Number of C.T. skills in Task |

Total Number of Units in T1

To obtain a participant's C.T. score in Task 1:

C.T.(plOl_T1)=£JI (p101) + f MP (pl101) + fIM (pi01) + f Meta (pi01)

Total number of units (pl01) in Task 1
Where,

(p) = participant

(f) = frequencies

(JI) = Judgement and Intepretation skills
(MP) = Multiple Perspective skills

(IM) = Imposing Meaning skills

(Meta) = Metacognitive skills

The critical thinking skills “Judgement and Interpretation”, “Multiple
Perspectives™ and “Imposing Meaning” skills are composites of indicators in the coding
book (see Appendix XX). To obtain the individual score on a given skill, the following
calculations were applied:

Participant's 101 score on JI skills in Task I -
JI Score (p101_T1) =f(1,1) + f(1.2) + f(1,3) + f(1,4) + f(1,5)
Where,
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(f) = frequencies

(1,1) = “Defines”

(1,2) = “Identifies assumptions”
(1,3) = “Makes connections”
(1,4) = “Evaluates”

(1,5) = “Supports”

Participant’s 101 score on MP skills in Task :
MP Score (p101_T1) = f(2,1) + f(2,2,1) + f(2,2,2) + £(2,3,1) + £(2.3,2)
Where,

(f) = frequencies

(2,1) = “Challenges”

(2,2,1) =“Looks at the other side”

(2,2,2) = “Suggests alternative”

(2,3,1) = “Adopts questioner’s role”
(2,3,2) = “Considers viewer's perspective”

Participant’s 101 score on IM skills in Task |

IM Score (pl01_T1) = f(3,1) + £(3,2,1) + f(3,2,2) + £(3,3) + f(3,4) + £(3,5)

Where,

(f) = frequencies

(3,1) = “Recognizes various impacts”
(3,2,1) = “Predicts or hypothesizes”
(3.2,2) = *“Makes recommendations”
(3,3) = “Summarizes”

(3.4) = “Concludes”

(3,5) = “Generates new idea”

The non-critical thinking units, “Statements” and “Varia” categories, are not

presented here. It should be added here that the category "Use of Visuals" had originally

been inserted in the coding book for exploratory purposes. However, because of very low

frequencies within a Task and wide variation in frequencies between Tasks, those events

have not been included in the analysis. The text units allocated for "Use of Visuals” were
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not included in the original compilation of data. Their exclusion has no bearing on the

ratios presented hereafter.

A summary of the proportion of critical thinking skills per Task is presented in

Table 4.1b.

Table 4. 1b Descriptive Statistics: Proportion of C.T. Skills per Task.

Task CT skills NCT units TOTAL# | AV (CT/6S) | Proportion
units (CT/Total N.
of Units)*

Task 1 1201 771 1972 18,48 0,61

Task 2 1046 751 1797 16,09 0,58

Task 3 1497 571 2068 23,03 0,72

Task 4 2123 1624 3747 32,66 0,57

Task § 3436 2925 6361 52,86 0,54
TOTAL 9303 6642 15945 143.12 0,58

* Results presented in Figure 4.2b

Perhaps the most interesting general finding lies in the contrast between the ratio

of critical thinking skills used in Task 3 (72%) and the ratio of critical thinking skills in

the other Tasks. Tasks | and 2 generated 61% and 58% of critical thinking skills,

respectively. The last two Tasks, on the other hand, generated a slightly lower result on

the critical thinking skills, 57% in Task 4 and 54% in Task 5. The smallest difference is

between Task 3 and and Task 1 with a gap of 11% and the greatest difference is 18%

between Tasks 3 and 5. Figure 4.2b shows the actual results from the study. The curve

indicates the proportion of critical thinking skills for each Task
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An analysis of variance for repeated measures (GLM-repeated measures) on the
five Tasks was conducted. As shown in Table 4.2, sphericity is assumed F(4, 256) =

16.426, p = .001. Overall, the treatment generated a significant difference in C.T. scores.
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Table 4. 2 Source Table: Trend Analysis for Overall C.T. skills Across Tasks

Source SS df MS F Sign. n?
CTSCORT
Sphericity Assumed 15611.860 4 3902965 16426 .000 .204
Greenhouse-Geisser 15611.860 3.519 4436386 16426 .000 .204
Huyn-Feldt 15611.860 3.749 4164363 16426 .000 204
Lower-Bound 15611.860 1.000 15611.860 16.426 .000 .204
Linear 1142.738 1 1142.738 5759 019 083
Quadratic  4082.051 1 4082.051 14452 000 .184
Cubic 23.584 1 23.584 085 .772 .001
Order4 10363.487 1 10363.487 53977 .000 458
Error (CTSCORT)
Sphericity Assumed 60827.804 256 237.609
Greenhouse-Geisser 60827.804 225.219 270.083
Huyn-Feldt 60827.804 239.931 253.522
Lower-Bound 60827.804 64.000 950.434
Linear 12698.594 64 198.416
Quadratic  18077.048 64 282.454
Cubic 17764.258 64 277.567
Order4 12287.905 64 191.999
TOTAL 76439.664

An examination of the polynomial contrasts allows us to describe the shape of the

curve presented in Figure 4.2. The Order 4 component of the trend is statistically

significant F(1,64) = 53.977, p = .001. The percentage of the variance explained (n* =

-458) is probably attributable to the important rise in critical thinking skills in Task 3.

Similarly, the hyperbolic shape as depicted by the quadratic trend, F(1,64) = 14.452; p=
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-001, is also partly explained by the importance of Task 3 (n? = .184). Finally, the linear
component represents 8% of the explained variance (n? = .083), and is statistically
significant, F(1,64) = 5.759, p = .001.

To test hypotheses 1, 2, 3, and 4, pairwise comparisons have been conducted to
assess the mean differences between Tasks. Since four pairs of comparisons were planned
in the study, out of a possibility 20 pairwise comparisons (if we take into account
direction), inflation of familywise alpha is not considered to be a problem. Results are

presented in Table 4.3.

Table 4. 3 Pairwise Comparisons: Overall C.T. Means
Measure: MEASURE _1

()] 4)) Mean difference Std. Error Sig.”
CTSCORT CTSCORT (I-5n

2 1 -3.089 2.999 307
3 2 16.265* 2.236 .000
4 3 -18.155* 2.932 .000
5 4 -.705 2.498 779

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

*. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Hypothesis 1 predicted that the introduction of a complexity variable Level 1
would trigger a greater use of critical thinking skills. It is immediately apparent that the
pairwise comparison of Task 3 with Task 2 is statistically significant. The mean
difference (Maigrrs-12 = 16.265) is significant (p = .001). The null hypothesis | is therefore

rejected.
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The mean difference between Tasks 3 and 4 (Mgirrs-13 = -18.155) is also
significant (p = .001). Although the null hypothesis 2 is also rejected, it is necessary to
point out that the results are not in the direction that was predicted. The students
performed better in Task 3 (M3 = 73.0), than in Task 4 (Mr4 = 54.85).

Hypothesis 3 predicted that there would be evidence of transfer between Task 4
and Task 5. [n addition to being negative, the mean difference (Myigrs.Ts = -.705) is not
statistically significant (p =.779). We fail to reject the null hypothesis. This result is quite
puzzling not only because the students performed better in Task 4 (M3 = 59.85) than in
Task 5 (Mrs = 54.14), but also because the lowest mean across all tasks is obtained in the
last assignment.

Finally, the mean difference between Task 1 and Task 2 is not significant (Mgigra.
T1=-3.089, p =.307). This finding supports the assumption that the tasks were equal and
that they could be used as baseline. To reinforce this finding, a comparison of the
outcome of critical skills of the treatment group (Mym = 56.74) with the outcome of the
non-treatment group (Mcy = 57.77) was performed (see Table 4.4). The difference

between the groups is not statistically significant (t (2,87) =-.310; p =.757.

Table 4. 4 Descriptive Statistics: Treatment Group and Non-treatment group on
Second Assignment

Condition N Mean Std. Deviation Std. Error Mean
Treatment 65 56.74 14.72 1.83
Control 24 57.77 11.24 2.29

Originally, the comparison was planned at the entry level, that is to contrast the

first assignment of the non-treatment group with Task 1 of the treatment group. However,
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practical constraints prevented the researcher from obtaining the non-treatment group's
first essay. Consequently, the comparison presented here uses assignment 2 of the non-
treatment group against Task 2 of the treatment group’s.

Further, Task 2 and assignment 2 were not the same. In the non-treatment
group, the assignments were reflective essays. The student had to select one out of seven
questions (See appendix Y) proposed by the instructor. They were required to use the
course textbook as their main source of reference. In fact, the students had to comment
on the researcher’s position on the selected topic. It should be noted, however, that the
treatment group also made use of the same textbook.

Despite the difference in the type of assignment, the distribution of the skills is

relatively similar as can be seen in Figure 4.3.

? McGinn, Robert, E. (1991). Science, Technology, and Society. Englewood Cliffs, N.J.: Prentice Hall.
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The main difference lies in the "Imposing Meaning" category, with 12% for the
treatment group and 8% for the non-treatment group. "Multiple Perspectives" is slightly
higher in the control condition (10%) than for the treatment condition (8%). As for the
Non-critical thinking skills, there is a slightly greater incidence of “Statements” in the
control condition (37%) than in the treatment one (35%).

In summary, I conclude that given the similarity in terms of the ratios of critical
thinking skills, the treatment group is representative of the population, despite the
differences observed in the context of the study. The distribution of the skills is similar
for both conditions, notwithstanding the different course content, the instructional
strategies and the time difference between the deadlines of the respective assignments. In
the next section, I describe which specific critical thinking skills are contributing to the

results described earlier.

Description of the results by type of Skills

Figure 4.4 shows the trends of the six coding categories over the five tasks. For
the purpose of this study, only the trends observed for “Judgment and Interpretation”,
“Multiple Perspectives” and “Imposing Meaning” categories will be described. Because
the skill “Metacognition” is not an object of interest in this study, [ will not pursue the

description of the outcomes for that skill.
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Judgement and Interpretation skills

An analysis of variance for repeated measures has been conducted to test the

effectiveness of the treatment on the skill “Judgement and Interpretation™. Results are

presented in Table 4.5.

Table 4. S Source Table: Trend Analysis for Judgement and Interpretation Skills

Across Tasks.
Source SS df MS F Sign. n?
TASK
Sphericity Assumed  8636.323 4 2159.081 12.468 .000 .163
Greenhouse-Geisser  8636.323 3.583 2410440 12.468 .000 163
Huyn-Feldt 8636.323 3.822 2259987 12.468 .000 163
Lower-Bound 8636.323 1.000 8636.323 12.468 .001 .163
Linear 3458.406 I 3458.406 18.382 .000 223
Quadratic  3475.740 1 3475.740 21.719 .000 253
Cubic 201.638 1 201.638 1.375 245 .021
Order4  1500.538 1 1500.538 7.582 .008 .106
Error (TASK)
Sphericity Assumed 44330.489 256  173.166
Greenhouse-Geisser 44330.489 229304 193.326
Huyn-Feldt 44330.489 244.580 181.252
Lower-Bound 44330489 64.000 692.664
Linear 12040.762 64 188.137
Quadratic  10241.930 64 160.030
Cubic  9382.490 64 146.601
Order4 12665.307 64 197.895
TOTAL 52966.812
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Sphericity is assumed, F(4, 256) = 12.47, p = .001, nz =.163. The treatment had a
significant effect on the incidence of “Judgement and Interpretation” skills. The
quadratic component of the trend is statistically significant, F(1,64) =21.719, p =.001, n’
= .253. The hyperbolic shape is partly explained by the important decrease of “Judgement
and Interpretation” skills in Task 3 (see Figure 4.4). The linear trend is significant,
F(1,64) = 18.38, p =.001, > = .223. Finally, the Order 4 component of the trend is also
statistically significant, F(1,64) = 7.58, p = .008, n> =.106.

The highest score obtained on “Judgement and Interpretation” skills is in Task |

(Mr; = 42.82), whereas the lowest score is observed in Task 3 (M3 = 26.98) (see Table

4.6).

Table 4. 6 Descriptive Statistics: Judgement and Interpretation Skills.

Task N Mean Std. Deviation
Task 1 65 42.82 16.36
Task 2 65 35.85 12.63
Task 3 65 26.98 12.88
Task 4 65 33.46 14.01
Task 5 65 32.48 11.54

Interestingly, pairwise comparisons reveal that all comparisons with Task 1 and
all comparisons with Task 3 are significant (see Table 4.7). The percentage of variance
explained by the quadratic and the linear trends are probably explained by those
differences. Hence, the most important mean difference is observed between Task | and
Task 3 (MaigriT3 = -15.86, p = .001). As well, the second most important mean difference

between Task 1 and Task 5 (Mgiarits = -10.34, p = .001). The mean difference between
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Task 3 and Task 5 (Mgiarsts = -5.52, p = .008) is also significant. This three point
comparison would explain the quadratic trend of the results outlined earlier. However,
given the number of comparisons conducted, the chances of finding significant statistical
differences (Type I error) between means are increasing. Consequently, the significant
differences found for relatively small mean differences (e.g.difference between Task 3
and Task 5, Mgia= 5.5) have to be considered with caution. The same is true for pairwise
comparisons conducted for “Multiple Perspectives” and “Imposing Meaning” skills.

As we can see on Figure 4.4, the linear trend component is explained by the
significant differences observed between Task 1 and Task 2 (Myirima = -6.97, p =.003),
between Task 2 and Task 3 (Myigr2-13 = 8.89, p =.001) and between Task | and Task 3
(MigriTs = -15.86, p = .001). It should be added that the significant result obtained
between Task | and Task 2 is unexpected given the fact that the tasks are considered

equivalent. The significant difference is probably due to a high result obtained for the

indicator “Supports” in Task 1 (17.2) in contrast with Task 2 (9.5) (Seec Table 4.8).
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Table 4. 7 Pairwise Comparisons: Judgement and Interpretation Skills

Measure: MEASURE _1

() TASK (J) TASK Mean difference Std. Error Sig.
I-3)

1 2 6.969* 2.262 003
3 15.859* 2.759 .000
4 9.355* 2.510 .000
5 10.341* 2.457 .000

2 1 -6.969* 2.262 .003
3 8.890* 2.396 .000
4 2.385 2.065 252
5 3.371 1.931 .086

3 1 -15.859* 2.759 .000
2 -8.890* 2.396 .000
4 -6.504* 2417 .009
5 -5.519* 2.002 .008

4 1 -9.355+* 2510 .000
2 -2.385 2.065 252
3 6.504* 2417 .009
5 .986 2.155 .649

5 I -10.341* 2.457 .000
2 -3.371 1.931 086
3 5.519* 2.002 .008
4 -.986 2.155 .649

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
*. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Finally, with the exception of Task 3, the “Judgement and Interpretation” skills

are the most frequently used across Tasks.
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Indicators of Judgement and Interpretation skills
The highest proportions of units in the “Judgement and Interpretation” category is

observed for the indicator “Identifies Reasons and Assumptions”. The highest score

observed is in Task 4 (Mrs = 18.95), whereas the lowest score is observed in Task 3 M

= 14.94) (see Table 4.8).

Table 4. 8 Proportion* of Judgement and Interpretation Indicators by Tasks

T1 T2 T3 T4 TS
Defines terms (1 1) 1.27 1.06 0.48 1.07 1.92
Identifies Reasons and 17.60 16.75 14.94 18.95 18.03
assumptions (1 2)
Makes connections (1 3) 4.77 6.51 1.79 3.28 2.19
Evaluates (1 4) 2.84 3.56 6.00 3.36 2.37
Supports (1 5) 17.19 9.52 5.46 7.77 7.64

* Proportion = Frequencies of indicator /total number of units in Task, multiplied by 100.

An important decrease for the indicator “Supports” is observed between Task 1
(M1, =17.19) and Task 2 (M2 = 9.52) and reaches the lowest point in Task 3 (M3 =
5.46). The difference between Task 1 and Task 3 Migrirs = | 1.73) is the most important
one observed in the category “Judgement and Interpretation”. Another important decrease
is observed for the indicator “Making Connections”, between the highest score in Task 2
(Mr2=6.51) and the lowest score in Task 3 (M3 = 1.79). Finally, a small increase is
noticed for the indicator “Evaluates” between Task 2 (M = 3.56) and Task 3 Mp =
6.0). The trend goes down again in Task 4 (Mr4 = 3.36).

[t should be noted that for most indicators within the “Judgement and
Interpretation” category, Task 3 scored the lowest scores across Tasks. The only

exception to this trend is the indicator “Supports”, which obtained the highest score



across Tasks. These results support the phenomenon observed in Figure 4.4, where
“Judgement and Interpretation” plummeted in Task 3. Similarly, the relatively linear
descending trend observed between Task 1 and Task 3 in Figure 4.4, is attributable to
important descending slopes on four indicators: “Identify Reasons and Assumptions”,

“Supports”, “Making Connections” and to a lesser extent, “Defines Terms”.
ppo g

Multiple Perspectives skills

The results of the analysis of variance for repeated measures conducted to test the

effectiveness of the treatment on the skill “Multiple Perspectives” are presented in Table

49.
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Table 4.9 Source Table: Trend Analysis for Multiple Perspective Skills Across

Tasks
Source SS df MS F Sign. n?
TASK
Sphericity Assumed  1308.302 4 327075 6.223 .000 .089
Greenhouse-Geisser  1308.302 3.062 427.329  6.223 .000 .089
Huyn-Feldt 1308.302 3.233  404.694  6.223 .000 .089
Lower-Bound  1308.302 1.000 1308.302 6.223 015 .089
Linear 814.714 1 814714 21.454 .000 251
Quadratic 140.783 1 140.783  2.824 .098 .042
Cubic 520 1 .520 014 907 .000
Order 4 352.286 1 352.286  4.153 .046 061
Error (TASK)
Sphericity Assumed 13455.089 256 52.559
Greenhouse-Geisser 13455.089 195.941 68.669
Huyn-Feldt 13455.089 206.900 65.032
Lower-Bound 13455.089 64.000 210.236
Linear 2430.438 64 37.976
Quadratic  3190.718 64 49.855
Cubic  2404.403 64 37.569
Order4  5429.530 64 84.836
TOTAL 14763.391

Despite the relative flatness of the trend observed in Figure 4.4, the overall

treatment is statistically significant for the skill “Multiple Perspectives”. Sphericity is

assumed, F(4,256) = 6.22, p =.001, n2 = .089. The linear trend component is the most



important, F(1,64) =21.45, p=.001; 112 =.251. A small Order 4 component is also
significant with F(1,64) = 4.15, p = .046; n* = .061.
As shown in Table 4.10, the highest scores for Mutliple Perspectives is observed

in Task 5 (Mrs = 11.29), whereas the lowest scores are observed in Task 3 Mp=6.11).

Table 4. 10 Descriptive Statistics: Multiple Perspectives Skills

Task N Mean Std. Deviation
Task 1 65 6.86 6.29
Task 2 65 8.11 6.76
Task 3 65 6.11 9.02
Task 4 65 10.46 7.26
Task § 65 11.29 6.41

Table 4.11 presents the results of pairwise comparisons. The comparisons of Task
I, Task 2, and Task 3 against Task 4, as well as the comparisons of Task 1, Task 2, and
Task 3 against Task § are all statistically significant. However, there is no significant
difference between Task 4 (M1s= 10.46) and Task 5 (M5 = | 1.29), which would have
indicated evidence of transfer. These results however, have to be viewed with caution. As
we will see in the next section, the significant differences between the means are probably

attributable to a confounding factor in the instructional design of the simulations tasks.
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Table 4. 11 Pairwise Comparisons: Multiple Perspective Skills
Measure: MEASURE _1

(D) TASK (J) TASK Mean difference Std. Error Sig.?
(I-J)

1 2 -1.246 1.034 233
3 754 1.407 594
4 -3.598* 1.109 002
5 -4.422* 1.030 .000

2 1 1.246 1.034 233
3 2.000 1.531 .196
4 -2.352* 1.124 040
5 -3.176* 1.045 .003

3 l -.754 1.407 .594
2 -2.000 1.531 .196
4 -4.352* 1.640 010
5 -5.175* 1.536 .001

4 1 3.598* 1.109 .002
2 2.352* 1.124 .040
3 4.352* 1.640 010
5 -.823 1.042 432

5 I 4.422* 1.030 .000
2 3.176* 1.045 .003
3 5.175* 1.536 .001
4 .823 1.042 432

Based on estimated marginal means

*. The mean difference is significant at the .05 level.
*. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Indicators of Multiple Perspective skills

As we can see on Figure 4.6, the significant differences obtained in Task 4 and
Task 5 in comparison with the earlier tasks are explained by the dramatic increase from
Task 3 (Mr3= L.11) to Task 4 (Mrs= 6.94) of the indicator “Adopts Questioner’s Role”
(see Table 4.10). This indicator reaches a peak in Task 5 (Mrs = 8.22). This important
difference however, cannot be exclusively attributed to the effect of the treatment variable
(Complexity Level 2). Indeed, part of the mandate in Task 4 and 5 was to prepare

questions for the chatroom (see Appendices XIV & XV).
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Despite the confound of having to produce questions for the chatroom (see

Appendices XIV and XV), there is one result worth pointing out. The indicator “Suggests

an Alternative Approach” peaks in Task 3 (M3 = 5.17) (see Table 4. 12). The difference

with Task 2 is Mgigro1s = 3.33, whereas the difference with Task 4 is MyigsTs = -3.41.

The shape of the curve is similar to the one observed for the “Judgement and

Interpretation” indicator “Evaluates” in Figure 4.4. However, as we have seen this

difference is not important enough to create significance in the overall effect of the

treatment on Multiple Perspectives in Task 3.

Table 4. 12 Proportion* of Multiple Perspectives Indicators Across Tasks

Indicators T1 T2 T3 T4 TS
Challenges a point of view (2 1) 0.61 0.78 0.48 0.75 0.68
Looks at other side (22 1) 1.77 1.89 0.48 0.45 0.64
Suggests alternative approach (2 1.47 1.84 5.17 1.76 1.57
22)

Adopts questioner's role (2 3 1) 2.94 3.62 1.11 6.94 8.22
Considers viewer's perspective (2 0.10 0.06 0.00 1.20 0.49

32)

* Proportion = Frequencies of indicator /total number of units in Task, multiplied by 100.

Imposing Meaning skills

The treatment has a statistically significant impact on the incidence of “Imposing

Meaning” skills. As shown in Table 4.13, sphericity is assumed F(4,256) = 77.022, p=

001, n? = .546.
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Table 4. 13 Source Table: Trend Analysis for Impesing Meaning Skills Across

Tasks
Source SS df MS F Sign. n2
TASK
Sphericity Assumed 44691.943 4 11172.986 77.022 000 .546
Greenhouse-Geisser 44691.943 2011 22224.404 77.022 000 .546
Huyn-Feldt 44691.943 2.076 21524.263 77.022 000 .546
Lower-Bound 44691.943 1.000 44691.943 77022  .000 .546
Linear 62.264 1 62.264 1.499 225 .023
Quadratic 18432.470 1 18432470 109.840 .000 .632
Cubic 269.896 1 269.896 3.030 .087 .045
Order4 25927.313 1 25927.313 91.998 .000 .590
Error (TASK)
Sphericity Assumed 37135.766 256 145.062
Greenhouse-Geisser 37135.766 128.700 288.545
Huyn-Feldt 37135.766 132.887 279.455
Lower-Bound 37135.766 64.000 580.246
Linear 2657.732 64 41.527
Quadratic 10739.992 64 167.812
Cubic  5701.255 64 89.082
Order4 18036.787 64 281.825
TOTAL 81827.709

The trend analysis reveals an important quadratic trend, F(1,64) = 109.840, p=

001, n* =.632. The Order 4 component is also statistically significant, F(1,64) =91.998.

p =.001, n*=.590. The percentage of the variance explained by the quadratic and the

Order 4 trend components are visible in Figure 4.4. The contribution of Task 3 M=
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39.05) in contrast with Task 2 (Mgigr213 = 26.77) and in contrast with Task 4 Mgt =-

29.97) is undeniable (see Table 4.15).

Table 4. 14 Descriptive Statistics: Imposing Meaning Skills

Task N Mean Std. Deviation
Task 1 65 9.09 8.23

Task 2 65 12.28 8.99

Task 3 65 39.05 20.29

Task 4 65 9.08 7.18

Task 5 65 9.14 6.90

As we can see on Table 4.135, all pairwise comparisons with Task 3 are

statistically significant.




Table 4. 15 Pairwise Comparisons: Imposing Meaning Skills
Measure: MEASURE 1

(D) TASK (J) TASK Mean difference Std. Error Sig.?
(&)

1 2 -3.190 1.764 075
3 -29.963* 2.715 .000
4 6.628E-03 1.185 996
5 -5.075E-02 1.307 969

2 1 3.190 1.764 075
3 -26.773* 2.988 .000
4 3.197* 1.520 039
5 3.139* 1.350 023

3 1 29.963* 2.715 .000
2 26.773* 2.988 .000
4 29.970* 2.827 .000
5 29.913* 2914 .000

4 1 -6.628E-03 1.185 996
2 -3.197* 1.520 039
3 -29.970* 2.827 .000
5 -5.738E-02 1.222 963

5 l 5.075E-02 1.307 969
2 -3.139* 1.350 023
3 -29.913* 2914 .000
4 5.738E-02 1.222 963

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
*. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

An unexpected result however, is visible in the comparisons of Task 2 Mp =

12.28) and Task 4 (M3 =9.08) and similarly between Task 2 and Task 5 Mr15=9.14)




(see Table 4.14). The mean differences are statistically significant Mgigrrors = -3.2 and

Muiarts = -3.14) (see Table 4.15). In short, the students performed better in Task 2 than
in Tasks 4 and 5.

Indicators of Imposing Meaning skills

The contribution of each indicators of the “Imposing Meaning” category are

presented in Figure 4.7. The scores for each indicator are presented in Table 4.16.
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Table 4. 16 Proportion* of Imposing Meaning Indicators Across Tasks

Indicators T1 T2 T3 T4 TS
Recognizes various impacts (3 2.89 3.78 4.45 1.97 1.97
1)

Summarizes (3 3) 1.47 1.61 1.98 1.09 1.51
Concludes (3 4) 1.72 2.17 1.93 0.72 0.77
Generates new ideas (3 5) 0.10 0.06 0.05 0.16 0.20
Predicts or hypothesizes (3 2 1) 2.23 2.45 4.55 2.11 1.93
Makes recommendation (3 2 2) 0.71 2.00 22.24 3.23 2.89

* Proportion = Frequencies of indicator /total number of units in Task, multiplied by 100.

As shown on Figure 4.7, the indicator “Making Recommendations” contributes
most to the overall shape (Quadratic and Order 4 trend components) of the “Imposing
Meaning” category. The shape is very similar to the one observed in Figure 4.4. The
difference between Task 3 (M3 = 22.24) and Task 2 (M2 = 2.00) is Myigrots = 20.24
(see Table 4.16). The difference with Task 4 (M, = 3.23) is Maigrars = -19.01. This is the
most important difference observed for a critical thinking skills indicator.

Although the difference is not as important, we also note a small increase in Task
3 for the indicator “Predicts or Hypothesizes” (M3 = 4.55) as opposed to M2 = 2.45 in
Task 2. Task 3 also scores the highest incidence for the indicator “Recognizes Various
Impacts” (Mr; = 4.45). It should be noted that with the obvious exception of “Making
Recommendations”, all the indicators scores are lower than 5%.

Finally, the incidence of critical thinking has no relationship with the length of the

Task. Results of Pearson correlations are presented in Table 4.17.
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Table 4. 17 Correlations: Incidence of C.T. Skills and Length of Tasks

Task CT-skills Mean Std. Correlations N=

Units Deviation | Pearson Sign. (2-tail)*

Task 1 C.T. Skills 59.83 16.93 117 .355 65
N. of Units 30.34 16.78

Task 2 C.T. Skills 56.74 14.72 201 .109 65
N. of Units 27.65 13.97

Task 3 C.T. Skills 73.00 16.78 -.070 .578 65
N. of Units 31.82 16.83

Task 4 C.T. Skills 54.85 16.42 218 .081 65
N. of Units 57.65 29.56

Task § C.T. Skills 54.14 13.17 -.022 .861 65
N. of Units 97.86 43.18

*p =.05.

English writing skills

Figure 4.8 shows the distribution of students by level of English writing skills.
The majority of students (N = 60) scored high (> 17) on the evaluation of their writing
skills. Twenty students obtained a medium score (13 to 16) and nine were evaluated as
weak writers (< 12). Given the skewed results (Mryr = 17.12), nonparametric
correlations were conducted to explore the relationship between language ability and
performance on critical thinking skills. Both Kendall’s tau_b (r = .140, p =.119) and
Spearman’s rho correlation coefficients (r = .191, p = .127) are not statistically

significant.
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Post-task questionnaire

The following section presents the results on the post-task questionnaire (see
Appendix VIII). It should be noted that only 36 students filled out the questionnaire.
Consequently, the results serve an illustrative purpose only.

The majority of students found the topic “Genetically Modified Foods” either
“interesting” (N = 16) or “very interesting” (N = 10). On the other hand, 14 students
found the topic “Food Production” “interesting” (N = 14) or “somewhat interesting” (N =

12).
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Figure 4.10 shows the results on the item “Which Task (s) did you find most
engaging”. Multiple answers were allowed. The majority of students (N = 27) found that
Task 5 was the most engaging task in contrast with Task 4 (N = 11). Task 2, according to

the respondents is the least engaging Task (N = 2).
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While the most engaging Tasks were Task 4 and 5, the simulation is the format
the students least enjoyed (N = 20) (see Figure 4.11). The essays and the case study
generated the same level of enjoyment (N = 4). Eight students enjoyed all formats.

Finally, the majority of students invested more effort in Task 4 (N = 25) than in any other

Tasks (see Figure 4.12).
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CHAPTER 5 : DISCUSSSION

This chapter is organized in two sections. In the first section, the main results on
Tasks 3, 4 and 5 are analyzed. The second section reflects on the process of conducting

research on critical thinking skills.

Summary of Results

There are three main observations to draw from the preceding chapter. First, the
substantial and significant change obtained in transition from Task 2 to Task 3 indicates
that complexity level 1 triggered a higher incidence of critical thinking skills. In addition,
the set of skills used is different than the ones used in other Tasks.

Secondly, although there is a significant difference in the use of critical thinking
skills in the transition between Task 3 and Task 4, the direction of the results is not the
one that was predicted. In addition, the absence of evidence of transfer between Task 4
and Task 5 suggests that complexity level 2 had detrimental effects. The fact that Task 5
generated the lowest score among all Tasks suggests there are other factors at work here.
Since some students used the option in Task 5 of creating scenarios or dialogues, while
others wrote typical essays, [ have analysed below the distribution of skills for these
different types of outputs in order to examine competing hypotheses.

Thirdly, the absence of a significant difference between Task 1 and Task 2 in the
treatment group, plus the absence of difference on Task 2 between treatment and non-
treatment groups suggest, on one hand, that essays tend to generate a certain type of

skills; and on the other hand, that these scores might legitimally be used as a baseline



against which we can test differences. We observed, however, that for the category
“Judgement and Interpretation”, there is a difference between Task 1 and all other tasks,
attributable to scores on the indicator “Support”. Since this outcome is not of interest in

this study, [ will not pursue the issue further.

Analysis of results

Task 3

As we have seen previously, Task 3 obtained the highest ratio of critical thinking
skills (73%) across Tasks. There are striking differences in the types of skills used in this
case study. For many skills, Task 3 generated the greatest number of extremely high
scores, and interestingly, the highest number of extremely low scores as well. Table 5.1

presents the highest and lowest scores for each skill for all Tasks..



Table 5. 1 Highest and Lowest Scores Across Tasks

CT Sub-Categories Highest Scores Lowest Scores
Task Score Task Score
J Defines TS 1.92 T3 0.48**
Identifies assumptions T4 18.95* T3 14.94

Makes connections T2 6.51 T3 1.79

Evaluates T3 6.00 TS 2.38

Supports Tl 17.91 T3 5.46

MP Challenges T2 0.78 T3 0.48
Looks at the other side T2 1.89 T4 0.45**

Suggests alternative T3 5.17 Tl 1.47

Assumes questioner’s role TS 8.22* T3 1.11

Considers viewer’s perspective T4 1.2 T3 Q*x+

M Recognizes T3 4.45 TS 1.96

Predicts or hypothesizes T3 4.54 TS 1.93

Recommends T3 22.24* Tl 0.71

Summarizes T3 1.98 T4 1.09
Concludes TS5 0.20 T3 0.05**

Generates new ideas T2 2.17 T4 0.72

NOTES: Scores in bold indicate the highest and lowest scores across all C.T. categories.
* Highest score within the C.T. category

** Lowest score within the C.T. category

*** Null score

Task 3 generated the highest scores for six indicators : “Evaluates”, “Suggests
alternative approach”, “Recognizes”, “Predicts and Hypothesizes”, “Makes
Recommendations” and “Summarizes”. Four of these fall in the “Imposing Meaning”

category.
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Conversely, Task 3 generated the lowest scores for eight indicators. In the
“Judgement and Interpretation” category these are : “Defines”, “Identitifies Reasons and
Assumptions”, “Makes Connections” and “Supports™; in the “Multiple Perspectives”
category, “Challenges”, “Assumes Questioner’s Role” and “Adopt Viewer's
Perspective”; and in the “Imposing Meaning”, there is only “Concludes”.

In Task 3, the increase in “Imposing Meaning” from Task 2 is without doubt, the
most important finding. The ratio rises approximately 28%, to 39%, (see Table 4.14).
With the exception of “Judgement and Interpretation” skills in Task 1 (Mr; = 42.82, see
Table 4.6), this score is the highest obtained in any C.T. category across all tasks. If we
look at the distribution of the skills within the “Imposing Meaning” category, we clearly
see a surge in “Makes Recommendations™ (over 22%). This does have to be intepreted
with caution. Since the students were required to identify the problem and find reasonable
solutions, the nature of the task might explain the propensity to “Make
Recommendations™.

Nevertheless, the magnitude of the result obtained for the “Makes
Recommendations™ skill is interesting for another reason. If we compare the score for
“Makes Recommendations” against the next highest ratio within the “Imposing Meaning”
category, we notice that both “Recognizes Various Impacts” and “Predicts or
Hypothesizes™ scored 4.5% (see Table 4.16). In other words, all the other scores are
below 4.5%, which suggests that the ratios within the “Imposing Meaning” category
normally tend to be small.

Another phenomenon observed in Task 3 is that “Judgement and Interpretation”

accounted for 29% of all the skills used in the case study, a lower proportion than in any
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other task. We note also that the incidence of statements went down as well in Task 3
(see Figure 4.4). Here, I suspect that there might be a relationship between the use of
“Statements” and “Judgement and Interpretation” skills. To that effect, Allegretti and
Frederick (1995) suggests that a claim is an integral part of building an arguement.
Logically, when analyzing facts, one needs a basis upon which to establish a judgement.
Task 3 results suggest that the students probably bypassed the “J udgement and
Interpretation” requirement and jumped into “Imposing Meaning” right away. In other
words, given the clarity of the instructions and the goal of the case, the majority of
students might have assumed that the reader knew what he or she was talking about and
proceeded immediately with the interpretation of the situation without establishing
premises for discussion. This interpretaion demands further analysis, beyond the scope of
this study.

To summarize Task 3, we might say that the complexity variable level | as
embedded in the case study approach triggers not only the specific skill of “Making
Recommendations”, but also most skills under the “Imposing Meaning” category, even if
the ratios tend to be small. In addition, we note that “Statements” and “Judgement and
Interpretation” skills tend to go down in case study. This evidence suggests that case
study produced not only quantitative differences in the incidence of critical thinking
skills, but also a qualtitative differences: case study triggered “Imposing Meaning” skills

but not “Judgement and Interpretation™ nor “Multiple Perspectives” skills.
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Task 4 and Task 5

We have seen in the preceding chapter that the results of the simulations run
contrary to expectations. The students did not increase their use of critical thinking skills
from Task 3 to Task 4 and worse, the mean score in Task 5 is the lowest of all Tasks.

There are three possible reasons for the results. First, the complexity Level 2
variable is too complex to trigger critical thinking skills, at least under the conditions of
the study (individual work). Secondly, the nature of the task might trigger more
statements and varia units than critical thinking skills.

The students were relatively free to organize the content of the Task and to select
the desired format. As a result, some students wrote regular essays, dialogues, or even a
“letter” to the “Television Show Producer”. Such a diversity of outputs was unexpected.
[n addition, as we will see subsequently, some students kept the same strategy for Task 4
and Task 5, and others changed approaches for the two assignments. Given the diversity
of outputs on the Tasks, we may wonder whether there is a difference in the ratios of
critical thinking skills, according to the type of outputs. For instance, do “Essays” tend to
trigger larger ratios of critical thinking skills than the “Scenarios™?

[ suspect that while the dialogue format as a whole is a more creative endeavour,
the unit of analysis used in this study is not likely to reveal the incidence of critical
thinking skills. A comparison of the three types of outputs is offered as a means to
support this suggestion.

Finally, Task 5 was carried out in different conditions, which might have had an

impact on the treatment. The factors will be explored subsequently.
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Complexity Level 2

The decrease in use of critical thinking skills in the transition from Task 3 to Task
4 might be related to different types of difficulty in the tasks. While complexity Level |
was well handled in Task 3, complexity Level 2, embedded in Task 4, might have been
too demanding under individual learing conditions. The components of the simulations
(role, mandate, context), as well as the quantity of information to sift through (see
Appendices XIV & XV), might have played a role. To create the simulations, a situation
as proposed by Leenders and Erskine (1989), was created using guidelines from Jones
(1985) and Thiagarajan and Stolovitch (1978).

The main feature of the simulation is that the components extracted from reality
(roles or functions, context and mandate) are distributed among the participants. In other
words, the complexity of the situation is shared between the players. The complete
picture is pulled together during the interaction. In this study, the components of the
simulation were handled individually, thus affecting the level of engagement of the
student in the Task: The role of consultant for example, was easy to disregard without
affecting the outcome on the Task. In sum, it is suggested that the level of complexity
embedded in the simulation tasks might be efficient only in group interactions, not in
individual learning situations.

Furthermore, the negative outcome with regards to Tasks 4 and 5 might be related
to decisions made about the research design of the study: Since the main object of
research was to investigate the effect of task design on the incidence of critical thinking
skills, I chose to control variables such as the instructor’s interventions and individual

feedback that may have threatened the internal validity of the study. For that reason, I



excluded the conceptual dimension of Leenders and Erskine’s model of complexity (see
Table 3.3). As we can see on level three of the case difficulty, the conceptual dimension
requires “extensive clarification through class lectures” (Leenders and Erskine, 1989; p.
117). In other words, the contradictory findings of this study tend to support the fact that

the intervention of the instructor is necessary to trigger the use of critical thinking skills in

complex learning tasks such as the simulations.

Rival hypotheses : Task 5

In this section we explore reasons possibly underlying the low level of critical
thinking skills in Task 5. Specifically, [ suggest that two factors had a reverse effect on
the outcome on critical thinking skills: the perceived value of Task 5 and the time-spent
on task. Contrary to expectations, the value of the assignment and the time-spent on task
were probably deterring factors, rather than extrinsically motivating.

Tasks 1 to 4 were graded for participation and effort, for a total of 10%, whereas
Task 5 was worth 20% of the final grade (see Table 3.6: Calendar of events). The lower
outcome on the critical thinking skills is counter-intuitive since we generally assume that
students would put more effort into an assignment which is worth more in terms of
grades.

Tasks 1 to 4 were read by the researcher only. The participation grades were
posted in WebCT after the Short Papers (Task 5) had been handed in. This procedure had
been adopted to prevent sending any message or stimuli that could influence the level of
effort put into a given Task. In other words, I tried to control individual feedback.

Task 5, on the other hand, was marked by both the researcher and the professor,

graded for content. I suggest, tentatively, that the higher value of the assignment
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encouraged the students to put more effort into Non-critical thinking skills, such as the
organisation of ideas and the formatting of the paper, than in the first four less formal
Tasks. I speculate that the students spent more time formatting the paper for the benefit of
the markers than they did in the less formal assignments, to obtain a better grade. In other
words, the value of the paper deters the use of critical thinking skills in favour of better
organized content. This claim seems to be supported by the increase in the number of
“Procedural” statements in the simulation assignments.

If we compare Figure 4.5 (J.I. trends), Figure 4. 6 (M.P. trends), and Figure 4.7
(LM. trends), the difference between Task 4 and Task 5 on the indicators is minimal.
What changes is the level of the Non-C.T. categories. In Figure 5.1, we note a slight

increase for the indicator “Statements”.
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In addition, the proportion of procedural units went up from 3% in Task 3 to
11% in Task 4 (see Figure 5.2). Although the incidence of procedural statements
decreased to 9% in Task 5, the simulation format tends to trigger more procedural

statements relative to the other types of tasks.
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But perhaps a clearer indicator supporting the “formal organization™ process is the
increased use in Task 5 of “Direct Quotes”, which constituted 5.1% of the text units as
opposed to 1.2% in Task 4. The use of quotes might be related to the way students
perceive how to write a paper that will be graded for content. The difference on quotes
between Tasks 4 and 5 provides a hint of a rival hypothesis.

Another contrary result is that the students spent more time on Task 5 than in any
other Tasks. Normally, we might relate time-spent to effortful thinking, which is a
disposition towards critical thinking skills. In fact, the average time spent on Task 5 is

more than 2.5 times greater than that spent on Task 4 as shown in Figure 5.3.
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However, this result has to be evaluated with caution. First, not all students
completed the questionnaire, with only 36 reporting their time spent on Task 5. Secondly,
this is a self-reported measure, so there was no way to verify whether the indicated times
represent the actual time spent. Thirdly and most importantly, the validity of the measure
is weak. Although a definition indicated what to include (searching for information,
reading, brainstorming, writing and editing; see first item of the Post-Task Questionaire
in Appendix VIII) we cannot be sure what a student’s definition of “time spent on Task”
comprises.

The rival hypothesis has one important implication for educational practice. The
impact of grading, the effort that the students will put into formalizing a paper have to be
considered when conceiving insruction that aims at fostering critical thinking skills. [n
this regard, Wade (1995) provides only feedback on written assignments, but does not

mark the assignments.

Type of outputs: Tasks 4 and 5

The diversity of outputs for Tasks 4 and 5 might have an impact on the use of
critical thinking skills. In this section, [ compare the differences obtained under three
different conditions.

Three categories were used to sort the student’s outputs: “Essay”, “Voice”, and
“Scenario”. Output were classified as “Essay” if there was absolutely no mention of the
role of consultant or writer of a TV episode. Both content and format defined essays on
the topic of “Food Production” or “Genetically Modified Foods™.

The “Scenario” condition, on the other hand, was defined as either a dialogue or a

synopsis. In a dialogue, at least two characters were depicted talking together. In a
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synopsis, the students outlined their intention by providing a plan that contained
specifications for the course of the TV episode, the characters portrayed, the content
covered, sometimes time allocations for each segment, or even recommendations for
visuals that should appear on the screen.

The “Voice” category included outputs which depicted some kind of
acknowledgement of the consulting role or mandate. Typically, the student would
mention, in the introduction or in the rationale (Part 2 of the Task, see Appendix XV), the
topic of the show or refer to the previous mandate (i.e. Task 4) but would proceed with a
regular essay for the remainder of the text. One unexpected type of output that also falls
under the “Voice” category is a letter to the “show producer” in lieu of holding a more
formal discourse, as required in part 2 of the Task. With one exception, the students who
wrote “Scenarios” did not write letters to the “show producer”. The distribution of the

number of students per selected strategy is presented in Figure 5.4.
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One interesting feature of this classification is that a greater number of students
(N = 29) wrote essays for Task 5 as opposed to Task 4 (N = 21). Conversely, 28 students
created a “Scenario” for Task 4, but only 20 chose that strategy for Task 5. Sixteen
students chose the “Voice” strategy for both Tasks. On Figure 5.4 we see that the majority
of students chose the same strategy for Tasks 4 and 5 (N = 43 ), whereas some made a
different choice (N = 22). Among those who chose the same strategy, 17 students wrote

essays, eight adopted the “Voice”, and the largest group created “Scenarios” (N = 18).
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In contrast, the smallest groups are “Essay-Scenario” (N = 2) and “Essay-Voice”
(N =2). No student chose the strategy “Voice-Scenario”. The combination does not
appear on the graph. Given the wide variety of outputs, only the outcomes of those who
kept the same strategy will be analyzed (see Figure 5.5).

In Figure 5.6, we note that the students in the “Essay-Essay” condition produced
more critical thinking skills in Task 4 (58%) than in Task 5 (53%). The same is true for
students in the “Voice-Voice” condition, with 59% in Task 4 and 50% in Task 5. Only

the “Scenario-Scenario” group improved in this respect, by a modest 3%.
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The slight variations in total critical thinking skills between Tasks 4 and 5 in
same-strategy groups, and the fact that the critical thinking score is more or less the same
in Task 5 for the three conditions tend to support the rival hypothesis suggested earlier,
that given the nature of the task, the unit of analysis might not be appropriate to reflect
actual use of critical thinking skills.

On the other hand, there might be a difference in the type of skills used by type of
output. Figure 5.7 presents the trends for all coding categories for the “Essay-Essay”

condition (N = 17).
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If we compare the trend with Figure 4.4, the most important observation is that
both the shape of the slopes and the magnitude of the scores are strikingly similar for all
the critical thinking skills categories. The only variations occur in Non-C.T. categories.
There is an increase of approximately 22% of “Statements” between Task 3 and Task 4.
The incidence of statements peaks in Task 5 at 35%. “Varia” units on the other hand are
relatively stable in the Essay-Essay condition. This suggests that the increase in the
“Varia” units observed in Figure 4.4 is not attributable to the students in the “Essay-

Essay” condition.
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In Figure 5.8, the trends for the “Voice-Voice” condition (N = 8) are presented.
We note the almost perfect similarity of the “Judgement and Interpretation™ trend and the
“Statements” trend. This finding suggests that events in these categories are related and
occur together. If we compare Figure 5.8 with the general trends (F igure 4.4), we note
that, as in the “Essay-Essay” condition, the main differences occur in the Non-C.T.
categories. The students in the “Voice-Voice” condition produced more statements in
Task 4 (27%) than the overall sample (24%). On the other hand, they produced less
“Varia” units in Task 4 (10%), than the overall sample (19%). We note however, that the
students in the “Voice-Voice” condition used more “Varia” units in Tasks 1 and 2 (11%)
than the overall sample (6%). Similarly, the incidence of “Judgement and [nterpretation”
skills tends to be higher in the “Voice-Voice” condition across tasks than the whole
sample. For instance, a 3% difference is observed in Task 2 and Task 35, and a 5%
difference in Task 4. If we compare the “Voice-Voice” condition with the “Essay-Essay”
condition, we note that aside from the differences observed for the Non-C.T. units, the
trends are relatively similar.

The greatest variations on the trends on the coding categories are observed in the
“Scenario-Scenario” condition (N = 18) (see figure 5.9). Moreover, the variations occur

not only in the simulation tasks as expected, but in Tasks 1, 2, 3 as well.
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Once again, the greatest variations occur in the Non-C_T. units categories. In the
Scenario-Scenario condition, fewer statements were produced in Task 4 (20%) and in
Task 5 (24%), than in the overall sample (T4 = 24%, TS = 27%) (See Figure 4.4).
Curiously however, the proportion of statement units in Task 2 (37%) is marginally
greater than the proportion of “Judgement and Interpretation” skills (35%). In other
words, the students in the “Scenario-Scenario” condition produced as much or more
statements than critical thinking skills. This is not true for the other conditions (see
figures 5.7 and 5.8), where there is always a greater incidence of “Judgement and
Interpretation” skills than “Statements”.

A similar phenomenon is observed in Task 4 (Figure 5.9). There is always a
greater proportion of “Varia” units used in Task 4 (30%) than critical thinking skills.
This represents a difference of 11% between the scenario students and the group (see
figure 4.4). The proportion of “Varia” units in Task 5 is still higher higher in the
“Scenario-Scenario” condition (25%) than in the overall sample (18%).

We have seen so far that the outcome of the Non-C.T. categories in the simulation
Tasks vary from one condition to another. Specifically, the students in the “Scenario-
Scenario” condition produced more “Varia” units than the students in the other two
conditions. This however, can be related to the nature of the output. To create a dialogue
for example, requires a different organisation of the text. In addition, the sentence as a
unit of analysis to code the content of students’ assignments creates a more conservative
outcome. [n other words, the overall creative aspect of the dialogue is not measured by
the current choice of text units. In the following example, the facts have been skillfully

integrated in a dialogue. The entire excerpt suggests evidence of critical thinking.



However, from a technical point of view, all the sentences but the questions asked by

« Impacts » are Non-C.T. units.

We have invited an expert from the FAO (Food and Agriculture
Organization) from the UN to talk about the subject.

"Impacts": Exactly how many people in the world are
affected by hunger?

Expert: About 800 million people in the world go hungry
every day.

The worst part about these statistics is that 200 million
are children.

In the next 30 years, the population is expected to rise by
three billion people.

"Impacts": These are alarming statistics!
Will there be enough food produced to keep up with this
rapid growth?

Expert: According to a researcher, as of today there is
actually a surplus of food being produced.

He proclaims that if the global food supply were converted
to calories and divided by the world's population, there

would be enocugh food for roughly 12 percent more than the
actual population.

"Impacts": How is this possible?

It seems like the world population is growing too fast to
keep up.

Expert: Actually, although world population has rapidly
grown in recent years, food production has risen even
faster. (FROM 117_T4) .

It is clear that the counter-intuitive results observed in Tasks 4 and § are
attributable to the nature of the Tasks as well as to extraneous variables. If we look at

Figure 5.10, we note a decrease in statements for both “Essay-Essay” (N = 17) and



“Voice-Voice” (N = 8) and “Scenario-Scenario” condition (N = 18) in Task 3; only the
“Essay-Essay” rebounds from this decline in Tasks 4 and 5. Improvement on critical

thinking skills is not evident here.
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In Figure 5.11 we note an increase over Tasks 4 and 5 of the “Varia” units for all
three conditions, most prominently in the “Scenario-Scenario” case. Simulations
evidently trigger more use of “Varia” units than other type of tasks. This result, combined
with the high “Varia™ score of the “Scenario-Scenario” condition, supports the rival
hypothesis that since Task 5 was evaluated for content and was worth 20%, the students
were more attentive to formal aspects of their assignments. Practical implications will be

discussed later in this chapter.
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In short, I tentatively suggest that the low level of critical thinking skills in Task 5,
is mainly due to the fact that the paper was worth more than the other Tasks.
Furthermore, grading for content causes the students to spend more time on formatting as
well as searching and integrating quotes in the text. This hypothesis partly explains the
rise on Non-critical thinking skills in Task 5.

In summary, we have shown that there are some qualitative differences between
type of outputs in Tasks 4 and 5. While the distribution of critical thinking skills tend to
be similar in all three conditions, differences are observed in the frequency of Non-C.T.

units.
Reflections on the research process

[n the literature review, we have seen that critical thinking is not a common event
(Ennis, 1993) and that it is believed to happen in novel situations (Halpern, 1998;
Garrison, 1991). This implies that the frequencies expected in sampling should generally
be small. When conducting research we are looking for significant numerical differences
in the quantitative paradigm, or salient characteristics of a phenomenon in the qualitative
paradigm. Unfortunately, in the field of critical thinking, the salient skills are less
frequent and often overshadowed by the ones that are more frequent. In addition, the
more discrete skills are often ignored in research (see for example Anderson et al., 2001:
Norris, 1989). In the classroom, instructors focus on specific set of skills (Wade, 1995;
King, 1995; Brovey, 1988; Hanley, 1995; Allegretti & Frederick, 1995), despite the vast
aray of skills to cover (see Ennis’ taxonomy; 1987). Consequently, the full repertoire of

critical thinking skills is seldom completely covered.
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In the next section, I address the issue of the least frequent skills. Given the
structure of the study, I will be able to show which skills tend to be least frequent across
tasks and which skills are not triggered in any mode of instruction. This analysis should

provide clues as to how to design instruction to address those skills.

Least frequent skills

Table 5.2 presents a synthesis of the skills that accounted for less than 5% in each

type of Task. The scores over 5% as well as the results on Non-C.T. units have been

included for illustrative purposes.

160



Table 5. 2 Synthesis of the Skills That Accounted for Less Than 5% of the Units per

Type of Task

C.T. Sub-Categories

TYPE OF TASK

Essays (T1-T2)

C.S.(T3)

Simulations (T4-

TS)

JUDGEMENT & INTERPRETATION

Defines

Identifies assumptions

18%

14.9%

19%

Makes connections

6.5%

Evaluates

6%

Supports

17.2%

5.5%

7.8%

MULTIPLE PERSPECTIVES

Challenges

Looks at the other side

Sug_gests alternative

Assumes questioner’s role

Considers viewer’s perspective

IMPOSING MEANING

Recognizes

Predicts or hypothesizes

Recommends

Summarizes

Concludes

Generates new ideas

NON-CRITICAL THINKING SKILLS

STATEMENTS

Statements

30.8%

25.1%

Opinions

Beliefs

VARIA

Organisational

6.3%

Procedural

11.7%

Direct quotes

5.1%

e Indicates less than 5% of the units demonstrated the skill.

As expected, critical thinking skills are not used frequently. In fact, the majority of

the skills accounted for less than 5% across types of tasks. The category “Judgement and
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Interpretation” has the most frequent scores above 5% which would support the findings
of Herrinton and Oliver (1999). In other words, the macroability “Judgement and
Interpretation” could be the most frequent category of skills generated during
instructional activities. Two skills appear to be common to all types of tasks: “Identifies
Reasons and Assumptions” and “Supports”. For the former, the numbers are stable across
types of task, always relatively high. We may conclude that the skill “Identifies Reasons
and Assumptions” is necessary for building arguments and that it occurs in any type of
Tasks. The model used by Allegretti & Frederick (1995) is a good example of such a
claim.

More surprising however, is the fact that the categories “Multiple Perspectives”
and “Imposing Meaning” almost never account for more than 5% of skills across type of
Tasks. The only exceptions are “Assumes Questioner’s Role” in the simulations with a
ratio of 8.2%, but as explained before that result might be an artefact of the nature of the
Task. The other exception is “Makes Recommendations” in the category “Imposing
Meaning”, which accounts for more than 22% of the total units used in Task 3.

Table 5.3 presents a synthesis of the skills that accounted for less than 1% of the
units. The purpose of this synthesis is to identify which skills are not triggered by any
type of task design. This will lead us to identify instructional design strategies that might

generate the least frequent skills.



Table S. 3 Synthesis: Least Frequent Skills per Type of Task (Less than 1%
Accounted for).

C.T. Sub-Categories TYPE OF TASK
Essays (T1-T2) | C.S(T3)| Simulations (T4-
TS)
JUDGEMENT & INTERPRETATION
Defines °
Identifies assumptions
Makes connections °
Evaluates
Supports
ADOPTING MULTIPLE PERSPECTIVES
Challenges ° ° .
Looks at the other side ° .
Suggests alternative
Assumes questioner’s role °
Considers viewer’s perspective ° °
IMPOSING MEANING
Recognizes *
Predicts or hypothesizes
Recommends
Summarizes
Concludes
Generates new ideas ° ° .
NON-CRITICAL THINKING SKILLS
STATEMENTS
Statements
Opinions
Beliefs . .
VARIA
Organisational
Procedural
Direct quotes .

o Indicates that less than 1% of the units is accounted for.

We note that the case study most frequently generated scores lower than 1%. As
suggested earlier, the case study triggers a set of critical thinking skills to the exclusion of
others. Case study as an individual instructional approach encourages the students to use

skills that are more complex (“Imposing Meaning™), but at the expense of skills that are
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more analytical (“Judgement and Interpretation™). The only skills that are not least
frequent are those that tend to be more evaluative such as “Evaluates” and “Suggests
Alternative Approaches”.

A second observation is that the category “Multiple Perspectives” most frequently
generated the lowest scores, over all types of Task; the only skill within the category that
generated more than 1% but lower than 5% across all Tasks is “Suggests an Alternative
Approach”. Once again, individual assignments might not trigger the use of “Muitiple
Perspectives” skills. As mentioned earlier, it was feasible for the students to disregard
some information (e.g. context, network “bio” etc.) presented in Tasks 4 and 5 and still
carry out the tasks successfully. Alternately, conducting the simulations as a group would
have entailed the participants to gather and to share relavant pieces of information by
asking questions or considering another point of view, in order to complete the picture
and eventually solve the given problem. In short, it seems that instructional activities that
engage the zone of proximal development, such as group simulations, might encourage
different points of view, thus triggering the adoption of “Multiple Perspectives”. In
essence, collaboration and classroom interventions might be necessary to create cognitive
dissonance in the students (King, 1994; Baron, 1987).

A third observation is that two categories accounted for less than 1% of skills
across all types of Task. They are “Challenges” and “Generates New Ideas™. By
definition, these skills are complex and should not happen very often. This finding
suggests that individual instruction and the absence of feedback is not sufficient to trigger
these skills. Once again, collaborative work might be required. An instructor or facilitator

might have to set up the conditions favorable for the emergence of these skills. The
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instructor might be able to manipulate the context to catalyze the use of those skills by
adopting, for example, a modelling strategy. However, the incidence of “Generating New
Ideas™ will always remain low unless it is directly fostered.

Finally, a fourth observation regarding skills that are less frequent than 1%
concerns the “Statements” category. We noticed that the frequency of “Beliefs” units
went below 1% for both the case study and the simulations. In other words, * Beliefs”
were stated less often as time went on. This could be construed as a positive outcome
since most of the time beliefs are not generally supported by reason or logical argument in
academic papers. In others words, the students improved over time and used “Beliefs”

less frequently.

The study of critical thinking skills

These four observations have important implications for studying and promoting
the use of critical thinking skills in students. As we have seen in this study, “J udgement
and Interpretation” skills occur more frequently than “Multiple Perspectives” or
“Imposing Meaning” skills. In a research context, high scores such as the ones observed
for Judgement and Interpretation skills would normally overshadow outcomes on other
critical thinking categories. In this study, we saw that Judgement and Interpretation skills
accounted for over 15% of units across all tasks (see Figure 4.5). On the other hand,
Imposing Meaning skills always accounted for less than 5% of the units (see Figure 4.7)
with the exception of the indicator “Making Recommendations”. Such differences in the
outcome might bring the researcher to focus on more important findings, overlooking
more subtle results. In this study, we have found that small mean differences were

significant. As an example, all the comparisons with Task 4 and 5 were significant for
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the skill “Multiple Perspectives”. Some mean differences are as small as 3% (see Table
4.11).
“Judgement and Interpretation” skills will tend to happen more often, at least in written
assignments. In the example below, the student presents an alternative approach
(“Multiple Perspectives” in italics) but the other sentences are all “Judgement and
Interpretation” skills (in bold).

Such contradictory facts about labeling only one part of products leaves

us to desire the real intentions behind this industry that makes
astronomical profits for the sake of the human kind.

Not only will it bring profit to food sales on the market, but also it
will create new investments in genetic research, which will benefit a
large part of the biotechnology sector.

It is due to this fact that the majority of people are skeptical about
such technology, as its humanitarian principles (such as to improve
nutrition) are driven by profit.

In fact, by loocking at the following figure, we can see that only 65% of
people S believe that genetic engineering will make life better.

“Judgement and Interpretation” skills are not only used more frequently, they are
also easier to identify. As we can attest by looking at Table 3.7, there is less inter-coder
variation for the “Judgement and Interpretation” category than there are for “Multiple
Perspectives” and “Imposing Meaning” skills. This suggests that identifying “Judgement
and Interpretation” skills entails less interpretation than the other two coding categories.
In other words, “Multiple Perspectives™ and “Imposing Meaning” categories might be
more connotative in nature than the “Judgement and Interpretation” skills. As Ahuvia
(2001) suggests, deciphering latent meaning in focal texts is more difficult than

identifying denotative units. Connotative meaning is a challenge when attempting to
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