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Abstract

The constructivist approach to teaching and learning emphasizes active learning using hands-on problem solving, peer-to-peer learning, and various other reality-based techniques to engage and stimulate the student to learn.  This year I received a Teaching and Learning Grant to redesign one of my courses, SWE6743 Object-Oriented Analysis and Design, by incorporating constructivism throughout the entire class.  My goal was to integrate problem solving into every aspect of the course:  daily classroom activities, homework, individual and group projects, and even exams.  In previous semesters, 25% of the class meetings had some active learning component.  My goal was to raise the bar up to 100%.  This paper will summarize the results of the first iteration of the redesign, as well as address some of the challenges faced and student feedback resulting from the project.

Conceptual Framework

The constructivist theory of teaching and learning which has its roots in cognitive psychology, philosophy, learning theory, and education theory, directly relates to the mission of the Center for Teaching Excellence (CTE) at Southern Polytechnic State University (SPSU) in which “students and faculty alike are seen as partners in learning, and in applying learning, in a ‘spirit of inquiry and a zest for problem solving’”.  The constructivist approach to teaching focuses on active and cooperative learning, in which the student is actively engaged in the learning process.  Constructivism stems from the work done by several theorists including Jean Piaget [1], Seymour Papert [2], Jerome Bruner [3,4], and John Dewey [5]. The basic ideas behind constructivism focus on the students taking an active role in their own learning as they “construct” their own knowledge by integrating the new information with pre-existing semantic constructs.  Key to this style of teaching and learning is the notion that the learning activity must be relevant and engaging to the student.  This approach centers on problem-solving and critical thinking skills that the student utilizes by applying approaches based on their prior knowledge and experience to a new problem situation, and integrating those approaches with new experiences and knowledge, to construct a new level of understanding.

The teacher is typically viewed as a facilitator or coach in the constructivist learning approach.  That means the teacher guides the student through the learning process by stimulating the student’s critical thinking skills and providing learning situations, environments, skills, content, and tasks that are relevant and realistic and simulate real-world contexts.  The emphasis is on active knowledge construction [6,7] rather than just passive, knowledge reproduction.  This knowledge construction is individual, but often occurs as a result of social experiences including negotiation, collaboration, and authentic experiences.  The role of teacher as facilitator does not preclude the teacher from presenting new material in a formal class lecture; it just emphasizes the need to have the student actively involved in applying the knowledge in a problem-solving situation.

Project Description

My philosophy of teaching is based on the constructivist theory, and I have written several papers about applying constructivism to software engineering [8, 9].  Last year I incorporated this approach in my Software Engineering Project with great success.  The content of that course lends itself to a smooth transition to constructivism, since the curriculum revolves around a large team-based software project.  In each of my other classes, I have integrated some constructivist aspects into the curriculum, but for most of my classes, the majority of content is taught in an interactive lecture style.  I would like to significantly increase the problem-solving active learning components of my teaching to improve students’ critical thinking skills.

For this project, I took one course I teach every semester, SE6743 Object-Oriented Analysis and Design, and redesigned the course and updated the curriculum to include significantly more applied learning and problem-solving activities.  Previously, I taught the course by integrating a number of “hands-on” problem-solving activities during the semester.  In assessing the quantity of those activities during the previous semester for this project, I found that after excluding 2 exam days, 7 out of 28 class periods, or 25% of the classes had some applied learning component.  In a brief survey I gave my SE6743 class last spring, I found that 80% felt significantly more engaged in learning during those activities, and 80% believed that during those problem-solving activities, their learning significantly increased compared to their learning during lectures.  Based on that feedback, I decided to redesign the course by integrating both mini-exercises as well as more engaging learning activities throughout the curriculum.

Project Goals

The goals of my CTE project [10] were to redesign my SE6743 course to apply more of the constructivist theory by significantly increasing the time spent doing active and applied learning using problem-solving activities.  I planned to accomplish this by weaving hands-on problem-solving activities throughout the entire course.

Project Timeline

April 2002:  Give survey of student assessment of applied learning activities in previous course; prepare CTE project proposal;  Status – Completed;

May 2002:  Jumpstart the project:  review new textbooks; reevaluate course objectives; identify techniques for active-learning; apply active learning activities to SE6743 curriculum;  Status – Completed:  Selected two new textbooks, investigated active learning activities, reevaluated course objectives;

Summer 2002:  Redesign course syllabus; develop specific exercises applied to individual lessons; develop class materials for new curriculum;  Status – Completed;  Redesigned the course syllabus to reflect the constructivist approach; created new projects and classroom exercises to focus on problem-solving;

Fall 2002:  Implement the changes in SE6743; give formative survey at midterm assessing the hands-on problem-solving component of the class; strive for continuous improvement using iterative feedback cycle; measure the active-learning components of the class; give a summative student survey at the end of the class assessing the active learning component of the class;  Status – Presently completing the semester;  have given the surveys and am currently assessing them; will adapt the curriculum and schedule for next semester based on the feedback from Fall.

Spring 2003:  Based on data from Fall 2002, refine the process and improve the activities; repeat the assessment and alter course and syllabus to reflect changes.  Status – To be done based on feedback.

Project Evaluation Plan

The project has both quantitative and qualitative assessment.

Quantitative:  I planned to evaluate the quantity of problem-solving activities in class, and compared before revision data ( 25% -- Spring 2002) and after revision data (Fall 2002 and Spring 2003) including the course syllabus.

Status – Using the before data as a starting point, 25% of the class sessions in Spring 2002 had active learning components.  After the initial revision, in Fall 2002, 100% of the class sessions had an active learning component.  During Spring 2003, I will refine the process by incorporating suggestions made in Fall 2002.

Qualitative:  I planned to evaluate student assessment before, during, and after the proposed changes.

Status – I have access to the survey I gave my students, and the results will be summarized below.  I have not yet received feedback from the university evaluative tool, SIRS, for Fall 2002, but I will have that data prior to the conference.  I will discuss it as well as other results obtained in Spring 2003 at the conference.

Project Results After First Iteration

Regardless of what the SIRS indicate, I know the project was a major success.  I have been teaching this course for ten years, and I can state without any reservation, that the course offered this semester was by far the most engaging learning experience that I had the privilege to participate in.  The atmosphere in the classroom was exciting, and many, many, students commented throughout the course that this was the best class they ever had, and that the class time just flew by.  The excitement was often times palpable, as the students encircled me after class, and didn’t want the class to end.  They were extremely complimentary and were very aware that this class was different than other classes they had taken.  I informed them on the first day of class about the CTE project, and let them know they would be required to actively participate in this course. 

My goal of increasing the active-learning component from 25% of the classes to 100% of the classes was realized.  Even the test days, or perhaps I should say, especially the test days, involved active problem-solving.  Even though the curriculum of the course was basically the same, since every single class period involved hands-on, reality-based problem-solving, the way the material was presented and the number of and types of examples utilized, changed dramatically.  Consequently, I changed everything about the course: the books, the grading, the syllabus, the nature of the projects, my presentation of new material, and the way the students demonstrated mastery of the material.

Course Distribution

I achieved an active-learning component in 100% of the class sessions by conscientiously and overtly making it happen.  Given that my preliminary survey results indicated that 80% of my former students felt that their learning significantly increased during hands-on, constructivist-based activities, I set my goal to achieve the maximum learning results in every class session.  This was very difficult, and required a strong commitment to realize.  The actual daily activities were distributed as follows.

1. Six class sessions included laboratory exercises, and were held in the department’s project laboratory, with each student working on a computer.  My graduate assistant and I facilitated these sessions, and both of us were able to walk around and deal with individual student questions.

2. Five class sessions included a major group presentation.  The students were placed in groups and each group was assigned a different subject to investigate.  In addition to their presentations, they were asked to deliver an annotated bibliography that was made available to the other students.  The presentations were done as a panel discussion, led by a moderator, with each group working on a common theme.  After the presentation, there was time allotted for questions.  Part of the constructivist learning theory is based on the relevance of peer-to-peer learning, and the notion that the course instructor is viewed as just another source of knowledge in the course.  This is perhaps the greatest challenge in successfully mastering constructivism:  the professor tries not to play the role of the know-all repository of all things related to the course.  The goal is to be viewed as a co-learner, who is also actively engaged in the learning process with the students.  Having each student be seen as the definite expert in one area, which is what the group project is all about, facilitates this aspect nicely, since after completing a bibliographic search in a specific area, they are in fact, the resident expert on that topic.

3. Each of the remainder of the class sessions included some problem-solving component, the amount of which varied from 10 to 15 minutes of applied learning for mini-exercises, to an entire class period devoted to problem-solving and critical thinking.  Some examples at each end of the spectrum follow to elucidate the learning style. 

A.  On the short end, in mini-exercises during and after a lesson on a new topic, the students would be given a short problem applying the knowledge just taught, which they could work out individually or in groups.  I would walk around, looking over their shoulders and answering questions as they came up, until everyone finished.  I would then ask for a volunteer to show their work.  The class would critique this solution, and another volunteer would show their work, followed by a critique, and this would continue until a general consensus was reached on the correct solution.  This type of activity utilizes applied hands-on learning; peer-to-peer and group learning; iterative, and incremental improvement; and most importantly, direct application of the principles just taught which greatly facilitates learning. 

B. The other extreme includes activities designed to occupy most, or even all, of the class period.  A couple of examples might help clarify these types of exercises.  Brainstorming is a group activity that requires about an hour, and is good to use at the beginning of a semester because it serves as both a good group problem-solving activity and an ice-breaker to get the students working together.  After a brief introduction to the course, I set the students brainstorming on “Why do software projects fail?”  This exercise needs to be effectively managed:  decide beforehand how many minutes you will give them, and how you want them to present their results.  Another type of activity that is very effective and requires sufficient time is to have the students assess each other’s homework. In software engineering, effective reading plays a significant role in quality management, since most work is done in teams; effective group communication and learning how to evaluate the work submitted by a colleague are important skills.  Key to this activity is the idea that there many correct ways to solve a problem, and something is not necessarily wrong, just because it is different than what you came up with.  This particular exercise is very enlightening to the students, since they rarely have the opportunity to scrutinize someone else’s homework solution.  I placed the students in groups and made sure no group had any of their own papers to evaluate.  Each paper was evaluated by the entire group, which minimized any personality issues and negated any individual ownership of the criticism, but also forced the group to work together to solve the problem.  This exercise had the added benefit of teaching them more about their own solution than anything I could have written on their papers.

Sample Classroom Activities

One of the most significant changes that I made to this course was the use of real-world examples.  Not only did I integrate these real-world problems throughout the course, but I used the same examples throughout the course, each time adding more complexity than before, so the students would be able to add depth to their problem-solving.  Of the several examples that I integrated into the course, I include the following as a sample.  This exercise was discussed in detail in class, and graphics were given, as well as an initial exercise to get the students accustomed to the problem.  Several iterations of homework and in-class exercises related to this same problem resulted.

Abstract Data Type Exercise:

Consider a refrigerator’s ice dispenser.

It has water as input, and produces as output either chilled water, crushed ice, or ice cubes according to which one of three buttons you push.  It also has an indicator that lights up when no ice is presently available.

1.  Consider the ice dispenser as an ADT.  What are the operations?  What is the data?

2. Why is it abstract?

3. Where does the data structure come into play?

4. What are some concerns the manufacturer might have about selecting a data structure?

5. What are some concerns the customer might have about the selected data structure?

The dispenser is surrounded by steel walls, with breaks only for the input and output.  

6. How is this an example of information hiding?

Homework:

Define the Refrigerator Ice Dispenser as an ADT.  Include the headers for the operations, as well as comments or psuedocode describing each operation.

Summative Survey Results

I prepared a short survey to assess the students’ feedback regarding the constructivist nature of the course.  The most interesting results follow.

“I was required to think during this course.” – 95.45% of the students responded that they strongly agreed or completely agreed with this statement.

“I actually learned something from doing the projects.” – 86.36% of the students responded that they strongly agreed or completely agreed with this statement.

“I found the interaction with other students in the group projects, presentations, homework and in-class exercises, and projects contributed positively to my learning experience in this course.” – 87.28% of the students responded that they strongly agreed or completely agreed with this statement.

“I would prefer a class that taught me concepts through lecture rather than learning by applying concepts.” -- 96.36% of the students responded that they strongly disagreed or somewhat disagreed with this statement.
Summary and Conclusions

This is a year-long project that will continue well beyond the year.  After changing this course to a complete constructivist approach, I will never go back to my former style.  Even though I have taught this course for ten years, and have consistently received very high student appraisals, and the course is and has been one of our most popular graduate courses, I wanted to redesign it to maximize the active learning aspects of the course.  The results were extremely positive and the nature of the course is profoundly different.  The students this semester have been extremely aware of the hands-on style of the course, and numerous times throughout the course I have been told, “This is the best course I have ever had”; “Why aren’t other courses taught like this?”; “The time just flies by in this class.”; “That was the first time I ever learned something during a test.”; and so forth.  My office hours have been extremely busy with students who want to discuss their project; and the general interest level and student participation level has never been higher.  It has been an extremely challenging semester for the students and for me.  Coming up with relevant problems for class, as well as for projects and exams has been very time-consuming.  Next semester I will have another section of this course, which will require new projects and homework problems, so the challenge will continue.  I will continue to improve the course based on student feedback, and will report the results of the second iteration at the spring conference.
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