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Abstract

Twenty-first century teaching and learning is presumed to focus on the fundamental skills of critical thinking and problem solving, creativity and innovation, and collaboration and communication. Metacognition is a crucial aspect of both problem solving and critical thinking, but it is often difficult to get students to engage in authentic metacognitive reflection. We describe here a course built explicitly around the objective of developing students’ problem solving, critical thinking and metacognitive skills. We argue that the metacognitive reflection demonstrated by students in this course is valid evidence of their learning of essential problem solving and critical thinking skills.
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                 Metacognition: Student Reflections on Problem Solving

Introduction


The skills required in a twenty-first century education and workplace are no longer simply those related to the rote learning of extensive content. Instead, students need to become proficient in fundamental process skills: how to think, how to learn, and how to cope with new situations and problems in a rapidly changing world (Jacobs, 2010). The Partnership for 21st Century Learning Framework identifies three key learning and innovation skills: creativity and innovation, critical thinking and problem solving, and communication and collaboration (Kay, 2010).  Such skills involve the higher order thinking skills of analysis, evaluation and creation posited by the “revised” Bloom’s taxonomy of thinking skills (Krathwohl, 2002), and arguably include the six facets of understanding outlined by Wiggins and McTighe (2005) – explanation, interpretation, application, perspective, empathizing, and self-knowledge or metacognition. 


Metacognition, often loosely described as “thinking about thinking,” is a key aspect of problem solving skills (Flavell, 1979, 1987; Schoenfeld, 1992). Metacognitive knowledge includes knowledge of learning and problem solving strategies, as well as knowledge of different thinking and learning styles and their strengths and weaknesses, both in general and regarding one’s own abilities (Sternberg, 1986; Lai, 2008; Papaleontiou-Louca, 2008). Metacognitive regulation, perhaps the most important aspect of metacognition, involves the executive processes of conscious planning and monitoring of problem solving activities. This regulation, or overseeing of cognitive activity and resources, is considered fundamental to good problem solving skills and to intelligence in general (Sternberg, 1986; Schoenfeld, 1992). 


Although metacognition is essential for the learning of critical thinking and problem solving skills (van Gelder, 2005; Scruggs, 1985), it is not always clear how best to enhance metacognitive thinking in students. Various methods have been used, such as providing prompts, providing feedback, reflective practice, peer tutoring and self-questioning strategies (Kwon and Jonassen, 2011).  Kwon and Jonassen point out some of the drawbacks and deficiencies of these attempts, including student failure to use prompts or feedback or self-questioning. 


In the spring of 2010 we conducted a study on metacognition, problem solving and critical thinking, involving students enrolled in a new post-secondary course called “Problems and Puzzles” piloted at our small university by the principal author.  A primary objective of the course was to develop student problem-solving skills. Specifically, the course aimed for students to learn and use a variety of strategies for solving problems, to develop the mental habits of good problem solvers, and to practice solving various kinds of problems. More generally, the course was an attempt to develop fundamental 21st century skills such as creativity, critical thinking and problem solving, collaboration, and communication.  As Kay (2011) indicates, “these skills are rarely incorporated deliberately throughout the curriculum, nor are they routinely assessed” (p.5). Nevertheless, this course set out to address exactly these skills.  Rather than adding metacognitive exercises or opportunities to an existing course or content area, we attempted to provide an explicit and integrated focus on metacognitive, critical thinking, and problem solving skills in all aspects of the course: from the preliminary planning to course design, throughout the course content and instruction, embedded within classroom work and homework assignments, and addressed by course assessments. 


The development and design of the course, and the instructor’s experience in  teaching the first offering of the course, have been described elsewhere  (Wismath, 2011). Here, after briefly describing our methodology and summarizing some of the quantitative data collected, we focus on the metacognitive exercises used in the course and related study, and what they might indicate about students’ development of problem solving skills. 

Methodology

       All students enrolled in the first Problems and Puzzles course, offered over twenty-six 75-minute classes during January-April 2010, were invited to participate in the associated research project and thirty-two agreed to do so. By the course end, twenty-eight students had provided sufficiently complete responses to provide a consistent and contiguous research sample. The following data was collected from these twenty-eight “participant” students for this project:

· demographic information, including age, gender, year of study, major, and reason for taking this specific course

· a survey soliciting responses to forty-two Likert-type “attribute” self-reflective questions related to puzzles and problems, given at the start and end of the course.
· the Gregorc Thinking Style Inventory (Gregorc, 1979), given pre- and post-course.
· the Barsch Learning Style Inventory (Barsch, 1991), given pre- and post-course.
· three “reflection assignments” which formed part of the graded work for the course.


The demographic and attribute survey questions and the thinking-style and learning-style inventories were administered at the beginning of the course, as a pre-test. At the conclusion of the course, the attribute questions and the two inventories were administered again as a post-test, allowing us to identify changes in these values (if any) over the duration of the class. To emphasize the metacognitive focus of this course, completion of these items constituted the first assignment in the course, and then the final (tenth) assignment as well. This focus was further underscored as students were expected (and instructed) to make reference to and comment on their thinking-style and learning-style scores in the context of their approaches to problem solving. The forty-two attribute questions were considered both individually and further grouped into the following overlapping categories representing general attribute themes identified by the researchers:

· puzzle/problem preferences (Gardner, 1983, 1999) – “logical/mathematical”, “visual/linguistic”, “spatial/visual.”

· production strategy preferences (Guilford, 1967) – convergent, divergent.

· reported personal interest in various types of puzzles and games generally.


While not vigorously robust, the interclass correlation coefficients (Chronbach’s α) for all these thematic groupings, except the “spatial/visual” preference, were significant (p < 0.05). These attribute themes as well as the thinking-style and learning-style inventory scores were intended primarily to complement the demographic data, and help provide a broader picture of the make-up of the student participants in the context of the course objectives related to puzzles and problem-solving. Additionally, the thinking-style, learning-style, and attitudinal attribute scores (individual items and categorized items) were compared between the first (“pre”) and last (“post”) assignment administrations, using paired t-tests conducted using SPSS. 

The three reflection assignments formed a component of the regular class assessments for the course (graded for completion only), and dealt with the three main aspects of metacognition: “knowledge” (of thinking- and learning-styles and of strategies for problem solving); “experience” (self-awareness of the processes actually used in solving specific problems); and “regulation” (the self-oversight and self-monitoring of strategies and processes). These reflection exercises were completed by students during the course of the thirteen week class – the first assigned near the beginning of the semester, the second at approximately mid-semester, and the last near the semester-end. Responses to these reflections were examined qualitatively for broad themes related to student metacognition in the context of puzzle and problem solving strategies. 


The first reflection assignment focused specifically on metacognitive knowledge of thinking and learning styles and of strategies for problem solving. This first reflection assignment asked students to (a) identify their own thinking and learning styles, (b) reflect on how their own thinking and learning styles related specifically to their problem-solving experiences in the course, and (c) describe their own preferred problem solving strategies.  The second assignment required students to consider and explain their thoughts on working alone and working in groups to tackle problem-solving tasks, particularly as this related to their thinking and learning styles. Additionally this second reflection assignment required students to reflect on their understanding and use of “metacognition” both in the context of this class and their larger university experience. The third and final reflection assignment required students to describe and elucidate which problems from the course they had found most effective for learning, most enjoyable and most challenging.

Demographics and Descriptives
Eighteen female students (64.3%) and ten male students (35.7%) participated in this study. Despite the fact that the class was offered as a second year course, fully 70.8% of these students were enrolled at the third year level or higher (that is, had completed 20 or more post-secondary courses at the start of the semester). For our purposes, the major areas of study reported by the students where classified into three academic foci, Fine Arts, Mathematics and Science, or Humanities and Social Sciences, based upon the major or discipline students reported on the demographic questionnaire. The students in this study represented a variety of faculties and disciplines, with 75.0% of them reporting non-math/science backgrounds. Of particular note is that 53.6% of the students were Fine Arts majors, with 32.1% of the students in the course identifying themselves as music majors.  Exactly half of the students in the study (50.0%) indicated that their primary reason for taking this course specifically was to meet the university’s General Liberal Education Requirement (GLER) of a science credit, while 37.5% expressed a personal interest in puzzles and problem-solving as their primary reason for taking the class. The remainder of the students gave their reasons for enrolling in the course as either preparation for a teaching career or a desire to take a course from this particular instructor (Figure 1).
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Figure 1. Stated reasons for enrolment in the “Problems and Puzzles” course by major.


While student scores and some individuals’ dominant traits differed on the thinking-style (Gregorc, 1979) and learning-style (Barsch, 1991) inventories, there were no significant differences (α = 0.05) for this sample group between the “pre” and “post” administrations of these instruments, based on paired t-tests done on SPSS (n = 28). On the initial administration of the Barsch (1991) learning-style inventory, sixteen students (57.1%) self-identified as being predominately visual learners, four (14.3%) as tactile, and three (10.7%) as auditory learners.  Five students reported co-dominant scores (visual/auditory, visual/tactile, or auditory/tactile). There was no significant difference in learning-styles based on either gender or major. On the initial administration of the Gregorc (1979) thinking-style inventory, eight students (28.6%) classified themselves as predominantly concrete-sequential (cs), another eight as abstract-random (ar), six (21.4%) as abstract-sequential (as), and three (8.1%) as concrete-random (cr). A further three students reported co-dominant scores (cs/ar or ar/cr). Interestingly, there was a significant difference (Chi2 p = 0.037) in reported dominant thinking-styles based on gender (Figure 2), but no [image: image2.png]Count
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Figure 2. Dominant thinking-styles (Gregorc, 1979) by gender, on the pre-test instrument 
administration

Of primary interest for this project was whether students might be able to apply cognizance of their own thinking and learning styles to enhance metacognitive skills related to critical thinking and problem solving. And, while we certainly did not expect participation in this course to significantly affect student scores on the Barsch (1991) or Gregorc (1979) inventories, we were curious about possible changes in students’ responses to the attribute indicators from the beginning to the end of the course. While the majority of attribute themes and individual attribute questions did not reflect any significant change between the pre and post administrations, a trio of related items did reflect a significant change (p < 0.05) on paired t-tests. The students’ reported logical/mathematical puzzle preference (based on an identified set of eleven related attribute questions) increased significantly over the duration of the course. And, relatedly (both conceptually and, obviously, mathematically), students’ positive responses to two attribute statements (“I am a linear thinker” and “I am an analytical thinker”) within this question set also increased significantly (p < 0.05) between the pre and post administrations of the attribute survey instrument (Table 1).

Table 1: Pre- and Post-Test Responses to Attribute Questions 18 and 19 

	Question
	pre-test
	post-test
	paired

t-test

	
	mean
	median
	stdev
	mean
	median
	stdev
	p value

	q.18: “I am a linear thinker"
	3.22
	3.00
	0.751
	3.67
	4.00
	0.877
	0.008

	q.20: ”I am an analytical thinker"
	3.74
	4.00
	0.903
	3.96
	4.00
	0.898
	0.031



Of most interest to us, nevertheless, is the impact that participation in this course may have had on students’ ability to apply fundamental metacognitive principles to improving their problem-solving and critical thinking skills, and their ability to authentically assess their own intellectual growth and development. This effect, if any, is more likely to surface in an examination of student responses to the three Reflection Assignments.

Student Reflection on Thinking and Learning Styles


The first reflection assignment, given shortly after the administration of the learning and thinking style surveys,  required students to report their dominant thinking and learning styles as indicated by the Gregorc (1979) and Barsch (1991) inventories, and to discuss how they saw these results reflected in their problem-solving approaches in the course to that point.  Although students were not explicitly asked about their reaction to their identified thinking and learning styles, most noted that the results of the surveys were unsurprising, providing comments such as

· “I find these very close to the type of person I am”

· “I was not surprised to see the results”

· “ [abstract-random] seems to be me to a Tee”

· “I think these scores are accurate”

           A few students however did express surprise or disagreed with their inventory results. A student who reported high scores for both auditory and tactile learning styles, and reported being an abstract random thinker, submitted the following comment:

I don't completely agree that I have an auditory learning style, since I don't always tend to listen very well. I do think tactile describes me quite well, I learn best by getting my hands on something and doing it myself.

Another student reported; “As for being a [concrete-sequential] learner I think that only some of what is labeled as a [concrete-sequential] learner is true for me.” A third student who reported being an auditory learner and abstract random thinker described changing her mind about whether or not the auditory style described her: 

When I scored highest on auditory learning style I thought it must be wrong but as I continued to read up on it, I found this may actually be true. I feel when listening in class I will be listening and focusing but really a lot of what is said in class goes in one ear and out the other, not by choice, I just cannot retain things like that. But there's a lot more to it than that, auditory learners must repeat things allowed [sic] to themselves and often learn through song or rhyme which I do great at. … So I think this influences my problem solving because I need to really listen to a problem or repeat it to myself allowed to make sure I fully understand the problem. Then to solve it I work well talking it out with others or even expressing allowed to myself.

Another student, who reported scoring highly on both tactile and visual learning style scales, suggested that “visual” did indeed describe her, but tactile did not.  Yet she later wrote about using different coloured pens to physically represent the objects in one puzzle, in order to “ see what was going on and to easily move and re-try different movements.”


Students’ descriptions of how their thinking and learning styles played out in their problem solving activities in the course indicate, we posit, considerable metacognitive knowledge of learning and thinking styles, both in theory and in their individual cases.  Those who identified themselves as visual learners wrote comments such as  “I insist on drawing a picture when working on a puzzle”, “I read the problem and try to visualize the items and what is happening to them”,  “I like to see information presented in an organized manner”,  “I like to be able to see the problem”, “For every problem, my first instinct is to make a picture in my mind and draw it out on paper, then work on solving the puzzle”, “I find it a lot easier to understand what the problem is asking if I can create and refer to a picture, table, or drawing of some sort”, and “I have always felt more comfortable explaining things using diagrams or drawing, charts or tables.” Other comments also revealed an awareness of visualization as a good problem solving strategy. One student explained that “drawing a diagram often helps me solve problems, or at least helps me understand the problem so that I can approach it in a different way.” Another added that “[a]t times I like to write down the important points to a problem to better understand it.”  

          Two students described a perceived connection between their thinking and/or learning styles and their choice of major. A student who reported being a concrete-random thinker and a co-dominant visual/auditory learner, wrote:

As a geographer, I have a tendency towards “spatial reasoning" and so visual skills are clearly important. I can solve a great deal of spatial problems very quickly by visualizing the problem. My auditory learning style allows me to grasp problems quickly with only a description.

Another student who reported being a co-dominant visual/tactile learner wrote:

As a New Media major I consider myself to be creative. I don't like to just look at something, I want to touch it, feel it, and examine it from every perspective. When it comes to puzzle solving, I like to look at the problem from all different sides and exhaust all possible approaches and solutions. 

Although a majority of students identified themselves as visual learners, predominately auditory or tactile learners also revealed a metacognitive awareness of their preferred styles:

Because I am an auditory learner, reading the problems was not the easiest way for me to understand and solve the problems. … After reading [a specific class problem] twice, I was still not understanding the problem properly until the professor re-explained it loudly in class.

As a tactile learner, I  prefer problems I can physically manipulate (like “Lucky Thirteens" or the “Fox, Goose and Corn" problems.) Because I prefer this type of learning, if it is appropriate for a puzzle I tend to draw out the components and move them around.

My auditory learning style is reflected in the way I solve problems because when I go to solve a problem I have to talk through the steps in my head to understand all of the components of the problem. For example, with the measuring problems I talked each step through in my head to make sure they made sense, while writing each step down so I wouldn't forget it. Another example is with the cup of coffee problem. I talked through it several times with friends to try and figure the problem out.


Only five students (8.1%) identified themselves as dominantly or co-dominantly concrete-random thinkers. Their comments revealed an “ability to ask questions about the problem at hand, and focus on it until I eventually find a solution”, a desire to “find and test out multiple means of solving a puzzle independently,”  a tendency “to jump right into the problem, without fully taking time to read and understand it, which can be detrimental to my progress”, and a “desire to solve problems quickly … possibly faster than others.”  One student wrote: 

As a [concrete-random] thinker who has a visual learning style I do find it easiest to employ an experimental type of approach to solving a problem. By default I will try a guess and check approach to nearly any problem and can often successfully solve problems fairly quickly using this method. 


The comments of four of the students who identified themselves as abstract-sequential thinkers revealed a strong preference for sequential structure: “Because I am a sequential thinker, especially in the abstraction, I like when data and processing has order”;  “I like following steps, tracing through a solution”; “I am fond of making lists, diagrams, spreadsheets and plans to give structure and direction to ideas"; “I really learn best by sequentially working through problems again and again.”

Several students discussed explicitly both the abstract and the sequential aspects of their abstract-sequential thinking style, as exemplified by the following comment:

My [abstract-sequential] personal thinking style is reflected in how I always try to write an equation or draw some sort of sequential picture so that I can see each step in a sequence and go back and analyze what I've done to double-check or if I make a mistake. I like to have a sequential equation written out when I solve a problem. Also sometimes I need to take things out of context a bit to be able to understand it completely. If I look at a problem in a different or abstract way, it can make it easier to solve. 

The diametrically opposite thinking styles identified by abstract-random and concrete-sequential thinkers represented over half of the respondents, with eight (28.6%) in each group. In concert with the abstract-sequential thinkers, concrete-sequential thinkers indicated a fondness for organization, precision and order, including a desire for things to be “well-planned and executed”.  They found reassurance in having a clear method to get what they saw as the answer: “I can be sure of my answers and there's no guess work involved"; “I like to think each step through so that I get it right the first time”; and “I like to know that everything has been considered and that no possibilities have been missed.”  One concrete-sequential thinker wrote:

I do enjoy a certain level of organization; if there is a lack of organization, I tend to become very stressed and anxious and very quickly lose my patience with the problem. I tend to be rather tense when faced with a very difficult problem, and at times I can become very overwhelmed. So when I try to solve a puzzle I have to organize the important details in a nice systematic way.

And another described her struggles with having to explain her answers and her reasoning: 

My thinking style is probably why I don't write much when explaining my work.  I think my head is organized in a way that I don't feel it's necessary to write some things down, even though, apparently I am supposed to. I usually have an idea of how to solve a problem before I finish reading a question. Even though one of my favourite strategies is guess and check, I still guess and check in a logical, organized manner. It helps to get to the end of a puzzle faster, but it might be more difficult to explain how you got there. 

Not unexpectedly, abstract-random thinkers described a much less linear approach to problem solving. One student described a classic abstract-random approach as follows: 

At first I think of a lot of different ways I could solve the problem then pick one and jump right into solving the problem. I work with a certain strategy until it no longer works or I get the answer. If it doesn't work I pick another strategy at random and try to solve the problem. I don't usually have a plan. 

Another student explained her view of problem solving as: 

I've been very successful in making random yet educated guesses so I got most of the answers within several tries. I think having an [abstract-random] mind would also work with problem solving because sometimes I think people overthink the problem and make it more complicated than it really is.

                                              Preferred Problem-Solving Strategies

The first reflective exercise asked students to identify their preferred problem-solving strategy, and why they thought they preferred this particular strategy. It is worth noting that this question was asked early in the course, and shortly after a list of six common problem-strategies was discussed in class. Student responses to this question clearly fell into three generic preferred strategy types, which we classified as

· algebraic/mathematical

· visualization/manipulation

· trial & error / guess & check

         Fifty percent of respondents identified their preference for algebraic/mathematical strategies, with the remaining respondents identifying the other two strategies relatively equally. There were interesting and unsurprising, though not significant (α = 0.05), differences between preferred problem-solving strategies based on subject/discipline majors (Figure 3). Reasons for choosing an algebraic/mathematical approach to problem-solving included finding this strategy “quick and easy”, “more clear and direct”, “the easiest”,  “the easiest … to verify that the answer is correct or not”,  “clear and uncluttered where mostly I won’t forget pieces”, “not so difficult to check back and find my mistake”, “a clear method of doing things”, and “very accurate and black and white because you either get the right answer or you don’t”.  One student indicated that equations “are lots of fun”, and one that “guessing and checking cheats myself of a challenge”. Interestingly, one student who reported being a tactile learner remarked that she found “using equations is like moving numbers around almost like you are building something which would give a bit of a tactile learning approach.”  Another student whose first instinct was to draw pictures reported that “[m]y fallback is then to attempt to express it algebraically, which is another symbolic way of expressing a problem.”  However, another student pointed out that she did not like using equations “because it mixes together something and then I can't visualize what it is I'm dealing with.”


[image: image3.png]Count

Preferred Problem-Sol

g Strategy by Major

T
Math/Science

Major

Strategy

[BAlgebraic/ Mathematical
fal & Error/Guess & Check
sualization /Manipulation




Figure 3. Preferred problem-solving strategies as reported on Reflection Assignment One, 
by identified subject major 

Six students identified “guess-and-check” or “trial-and-error” strategies as their preference, with two of them commenting that this method at least gave one a chance of a very quick solution, by a lucky guess. One student wrote that finding equations

just confuses me more, whereas trial and error lets me get right into solving the question. I am able to narrow the equations down by eliminating the extremes. It is also usually my first instinct to try to narrow things down and narrow things down. I also feel I get closer to the answer when I am able to eliminate the wrong answers.

One student who initially indicated that guess-and-check was her preferred strategy then changed her response mid-stream: 

the more I do it and get it wrong, the more aggravating it gets so after that I’ll move on to drawing a picture. I suppose drawing a picture is my favourite strategy because it almost always tells me something I didn’t know before.


Seven students indicated combinations and variations of tables, pictures, diagrams or lists (identified by us as “visualization/manipulation” strategies) as a preference.  Reasons for preferring this “visual/tactile” strategy included “(having) a visual reference to work from” and “(helping) me get a better understanding of what is being told through the problem and what I need to do to solve it.” One student indicated

Using tables I can lay out all the relevant and relational data and see it at once or in order. … Writing out the data in tables helps me explore my thoughts and work through the problem and organizes the guesses when I employ guess and check. It helps me search for solutions and eliminate useless or extraneous data. 

Other students who preferred visualization/manipulation strategies responded with “I am a visual person so I think that is why I like the pictures and I enjoy it when things are solved and I can see all my work.” and “Once I have digested all the information in the problem it seems like a list or table is a good way to get organized and started.” A student who responded with a preference for some manner of simulation of a problem explained that “I can actually manipulate the items”. 

Final Reflections on Course Problems


On the first and third reflection assignments students were asked to consider the various problems they had worked on either in class or as homework exercises. On the first reflection assignment students were asked to identify which problem(s) had been the most challenging and the most fun for them.  On the last assignment they were asked to explain which puzzles were most challenging, most fun, most effective, and had taught them the most, and to explain why. Of interest in both instances was how often the same problems were identified as being both most challenging and most fun or most instructive. On the first reflection, nine puzzles or types of puzzles were listed as most challenging, and eleven as the most fun. Notably, seven puzzles appeared on both lists. Four students specifically commented that the hardest ones were also the most fun. This opinion was echoed in the more detailed responses on the third reflection. One student wrote that “[t]he most challenging puzzles … were also the most effective ones”, and another that “the questions I learned the most about problem solving from were the ones that I struggled on.”  Another student commented that despite her difficulties with certain puzzles:
[T]hey were very helpful with problem solving skills. They taught me differently problem solving strategies and how to work through the list of possible strategies in a systematic fashion until I found one that would be the most efficient in helping me solve the particular puzzle. 

Students also indicated that they learned about problem solving from some of the more complex (and thus harder) problems, which called on them to use a number of their problem solving strategies. One specifically commented: “The alphametics, I feel, taught the most about problem solving. Within each of these tiny, seemingly simple problems, is a chance to brainstorm, recognize patterns, guess and check, work backwards, find smaller sub-goals, and use logic.” One student reported

[The logic puzzles were the] most challenging, most effective AND taught me the most about problem solving. In these types of questions you really needed to understand every bit of information given and applied the logic principles we learned. But to effectively carry out the problem we needed to apply a lot of other general things we learned like drawing a table to organize the information. To combine all of these together made for a very challenging and lengthy problem to solve.

Another complex puzzle stood out for many students as a prime example of a difficult problem that led to important learning. One student described it as “the first BIG problem that required many complex steps such as logic, breaking the puzzle into smaller pieces, noticing patterns, etc.” Another student wrote insightfully about his view of this particular puzzle as a turning point in his learning: 

What made this important for me was that it acted as a kind of turning point for me. While I was learning the concepts in class from listening and doing the assignments I wasn't really absorbing them. By that I mean that I understood what I was being taught but did not add it into my skill set. The prison guard problem was the first one that really forced me to think about it in a different way and abandon the 'tried-and-true' methods that I had been using in the past (that is not to say this is the first one that I failed to solve, simply that it was the first one where I was determined to use a different approach to solve it). This puzzle is a great example of being able to adapt different methods and approaches to suit the situation and manipulate the data to create a solution. It is a challenging puzzle and provides an excellent reward of satisfaction when you devise a method to calculate the answer with relative ease. 

A number of students identified as most effective those puzzles which they felt forced them to

“think outside the box” (five responses), or to think outside their usual methods or comfort zone (five more responses), or as  one student wrote , “to think outside of my usual box”. Another  wrote that despite certain puzzles being frustrating, “each time we work through one, I learn a little more to think outside the box, or rather, my 'box' is a little bigger!"

            Several students described their growth on a strategy relating to Polya’s first rule of problem solving, which is to understand the problem (Polya, 1945). Comments included 

· “I have definitely learned to slow down and think about the process more, even when I know the answer.”

· “This made me realize that maybe I needed to slow down and take my best shot at all puzzles.”

· “[I learned] not to rush into things and make assumptions … because [the solutions] are not always the answer we think is most obvious.” 

In general, we suggest that the third reflection assignment likely encouraged students to reflect metacognitively on their progress as problem solvers.  Four students explicitly linked their reflections on specific puzzles to their own thinking and learning styles as calculated at the start of the course, and nine more referred to their own increased awareness of their strengths, weaknesses and problem solving styles.  Another student echoed the theme that the most effective puzzles were the most challenging ones, and added a description of the process:

… because it required me to think backwards, forwards and try many methods to get the puzzle solved. They taught me the most because I had to try and retry many different methods and go crazy over it for a weekend and then wake up in the middle of the night with the solution staring me in the face. It taught me that I am not patient, but I will be stuck with a problem for a while until I find the solution, often enough a systematic approach will solve the problem but if it does not it takes some frustration and leaving the problem alone for me to hit the eureka moment and solve it. 

A number of students also expressed increased confidence in their own problem solving abilities, reflecting on a self-awareness of new abilities and proclivities. One student specifically identified changes in attitude and ability with regard to tackling problems:

The coffee and milk puzzle taught me a lot about approaching problems. I would have previously given up on the puzzle, or at best given an educated (but incorrect) guess. Solving in class helped me to realize that it was possible to break the problem into a simpler problem and even make a simple model to help visualize the process.

Similarly, other students reported similar perceived changes in skill or attitude related to problem-solving:

· “I learned how to use new techniques to solve problems that I did not think I could find a solution to.” 

· “I was so happy when I was able to solve the logic problem because it proved to myself that I can actually think in a logical sense.” 

· “ I now find that I am a logic puzzle lover and I try to find new puzzles similar to these ones.”

· “I’ve discovered that I really enjoy logic problems.”

                                     Conclusions, Limitations, and Futher Research

This preliminary offering of the “Problems and Puzzles” course as a Liberal Education option stimulated our research into the role of metacognition in problem solving. Certainly we have identified limitations in both the pilot version of the course and the first iteration of this research project, as well as a number of areas which warrant further study. As with any new curricular offering, the course itself will continue to undergo review, revision, and refinement. Without a doubt, a number of the questions asked of participants, both in the survey and the reflection assignments, failed to provide useful information; and revised versions of both the attitude survey and reflection assignments are planned for a succeeding research project planned around the next offering of this course. We are also cautious concerning the validity of the reflection assignment responses; although the reflection assignments were graded for completion only, it is conceivable that students might merely write in their reflections what they thought the professor wanted to read. To address this possibility, we plan in subsequent studies to hold focus group discussions, after the course is over and grades are submitted, where students can anonymously and freely describe their perception of change in their problem solving skills over the duration of the course. Also, in this first pilot study we did not investigate questions around collaborative problem solving, and we plan to investigate further the patterns we identified regarding student preferences for group versus individual work.


The primary objective of this course was the development of problem solving and critical thinking abilities by students. To this end, we designed the content, instructional format, and assessments in the course to elicit authentic reflection from students on their thinking and learning processes. The data collected in this first phase of this project does, we argue, indicate that the course was successful in addressing our course objectives. For example, the reported significant increase in a preference for tackling logical-mathematical problem types could arguably indicate increased student confidence (and perhaps skill) in problem-solving abilities. The co-related significant increase in perceived abilities in “linear” and “analytical” thinking might similarly be posited to indicate increased ability (or at least perceived ability) in problem-solving. Student responses to open-ended reflection questions indicated an increased metacognitive awareness on several levels, including learning about their own thinking and learning styles, learning a variety of tools and strategies for problem-solving, and developing the ability to monitor their progress while tackling complex problems. We have quoted extensively from student assignments to illustrate the depth of thoughtful and authentic reflection engaged in by students throughout the course.


It is assuredly more difficult to actually measure whether students have increased their problem-solving abilities over the duration of a course or educational program; and certainly inconceivable to posit a causal relationship. To the extent that metacognition is an essential part of problem solving, and linked to intelligence (Sternberg, 1984, 1986a, 1986b) and enhanced academic performance (Halpern, 1996; Borkowski, Carr, & Pressley, 1987; Garner, 1990; Carr, Kurtz, Schneider, Turner & Borkowski, 1989), we suggest that this course may have had a role in cultivating these abilities. This argument is further reinforced by the quantitative results we have reported.  

We suggest that problem solving skills may be conceptualized as being divided roughly into two main categories: creativity skills and logical reasoning skills. While students’ reflections have provided some indication that they perceived increases in their creative or “thinking outside the box skills”, the significant increases seen in their reported linear and analytical thinking possibly indicate a measurable increase in the logical reasoning skills as well.


The next iteration of this course will focus more intentionally on teaching students about metacognition as a problem-solving strategy and on the application of metacognitive strategies. Additionally, while we did not specifically consider the role of collaboration and cooperation for this study, this important aspect of problem-solving, and of  21st century skills, clearly surfaced through the student reflection assignments.  Research conducted around the next course offering of “Problems and Puzzles” is planned to again include thinking- and learning-style measurements. We intend that a revised and refined attitude survey (to be administered as pre- and post-test) will better inform us about the students in the class and identify changes in student perceptions of their problem-solving skills and abilities. Reflection assignment questions used in this next phase of our research will more clearly focus on metacognition, metacognitive skills, and collaborative and cooperative problem-solving strategies.
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