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Introduction

During the Bootstrapping card sort study (Petre et al 2003) many of us were flabbergasted at the difficulty some of the first competency students had articulating commonly used names, or superordinate constructs, for groups of cards.  How could they label a category made up of loop, if-then-else and iteration as “loops,” “structured ways of choosing” or “passive verbs”?  In the “boot2” study we used the same repeated single-criterion card sorting technique (Rugg & McGeorge 1997) that was used in the first study to investigate the knowledge structures senior computer science students have for introductory computer science concepts. (Murphy et al 2005) Not surprisingly, the study revealed that academically weaker students’ knowledge structures were less articulate and less sophisticated than those elicited from top-performing students; for example, bottom-quartile students were less likely to verbalize common superordinated constructs as category names and the sets of sorts they produced were less complex structurally than those of their higher-performing peers. 

When we teach we often organize course content around common categories.  For example, if we asked an instructor, “What do you teach in CS1?” her answer would likely include some commonly understood superordinate constructs, such as “data types,” “variables,” “expressions,” “control structures,” and “problem solving techniques.”  Yet, some students clearly do not internalize the common names for these categories.  However, better students in the senior cohort had a greater ability to articulate these pedagogical organizations in the knowledge structures represented by their card sorts.  We also often have multiple ways of understanding and organizing course material that are based on distinct criteria.  For example, algorithms may be categorized by their runtimes, problem domains or algorithmic techniques.  Top students’ ability to construct structurally diverse sets of sorts suggests they have a similar ability to form unique categorizations. 

Since card sorts were an effective means of distinguishing the more sophisticated and articulate knowledge structures of top performing students, we believe CS educators should provide introductory students with frequent opportunities to engage in the important skills required to produce them.  These skills include the ability to recognize, identify, compare, contrast and categorize concepts.  We believe that by engaging in these categorization activities students will begin to construct knowledge structures that reflect the qualities we observed in the sorts elicited from top performing seniors.  

Research Question

Can providing students with frequent classroom opportunities to exercise categorization skills facilitate their construction of more articulate and complex knowledge structures?

Evidence

The evidence should reflect students’ ability, or lack of ability, to categorize and articulate common superordinate names for the concepts they have studied and their ability to express multiple and diverse ways of categorizing those concepts.   Possible sources of evidence might include: 

· pre-test and post-test data  

· results from the categorization exercises themselves 

· overall quiz/exam performance, course grades 

· performance on targeted questions 

· student perceptions about whether the in-class categorization exercises facilitate learning

· open ended questions that ask students to describe in their own words the knowledge they have gained 

Operationalization:  using categorization exercises to build skills across Bloom’s Taxonomy
We will develop or adapt multiple in class categorization exercises, some based on Classroom Assessment Techniques (CATs) (Angelo & Cross 1993), particularly those that have been adapted for Computer Science (Diebel 2004).  These exercises will be used to give students in introductory computer science classes (CS1) frequent opportunities to recognize, identify, compare, contrast and categorize the common concepts taught in an introductory computer science course.  The majority of these exercises will be directed at the most common superordinate terms for the course.  

To facilitate deep learning, rather than just superficial knowledge, initially these exercises will focus on lower-levels of Bloom’s taxonomy and will move to higher levels as the course progresses.  To develop these exercises we will first define basic student outcomes related to Bloom’s taxonomy of learning.  For example, at the “knowledge” level, students should be able to define and describe the basic terminology associated with the course (e.g., data type, variable, object).  At the “application” level, students should be able to classify information associated with a topic in the course (e.g., classify the following from smallest to largest:  statement, class, method, expression, variable).  The exercises will ask the students to recognize, identify, define, compare, contrast and categorize introductory programming concepts.  The exercises will emphasize using the appropriate terminology, giving students multiple opportunities to see, hear, and use the terminology in its appropriate context.

Current working ideas:

	Learning Level
	Student Outcome
	Exercises (related CATs)

	Knowledge
	Students should be able to define and describe basic programming terminology.
	Here are terms that all belong in the same category, what is the name of the category? 

	Comprehension
	Students should be able to compare and contrast programming concepts.
	Here are two categories with terms in each.  How are the categories different?  (Defining Features Matrix CAT) 

Can you come up with examples of additional words that would fit in each category? (Focused Listing CAT)

	Application
	Students should be able to classify programming terms or concepts. 
	Here are the given categories.  Please classify each of the terms into these categories. (Categorization Grid CAT) Please list as many concepts as you can that belong to a given category. (Focused Listing CAT)

	Analysis
	Students should be able to recognize multiple meanings for and articulate varied relationships between concepts. 
	Students perform “constrained card sorts” based on predefined criteria, articulating category names and classifying terms into those categories.


By defining specific outcomes for each level of the taxonomy we can also develop specific test questions to assess the student learning for that outcome.  Performance on those test questions can be used to measure the effect of the in class exercises.  In addition, the results from the in class exercises can determine the performance of an entire group.  (The results from the CATs cannot be tied directly to a specific student as the results from CATs are anonymous, but we can gather statistical data on the entire group.)  

We would expect a large majority of the students to successfully demonstrate proficiency at the knowledge level, specifically regarding articulation of groups of items using common superordinate terms (something that was not in evidence in either of the previous two studies).  In addition, we would expect the higher performing students could demonstrate proficiency at the higher levels in the taxonomy.

Analysis:

The pre-test data will serve as a baseline for the knowledge structures of the students entering the course.  Multiple pre-tests may be given during the term, each addressing a specific outcome.  The pre-test should seek to elicit the knowledge structures of the students and their knowledge of the basic terms associated with the course.  By analyzing the results from the in-class exercises we can determine how the group as a whole is improving toward the desired outcome.  The post-test data along with performance on specific test questions can illustrate performance of the desired outcomes.  

Costs:   

Preparation:   Medium.  Outcomes must be defined.  Appropriate exercises / CATs must be adapted or created.  Test questions must be designed to assess the same outcome.  If used, a survey to measure student perceptions must be developed.  Open-ended questions should be defined.

Execution:   Medium.  Collection of the results of the categorization data, pre and post test data.  Perception survey must be given.  Collection of responses to open ended questions.

Analysis:  Medium.  Statistical analysis can be performed on the pre/post data to determine if outcomes were met.   Statistical analysis of perception survey to measure student reaction to the exercises.  Evaluation and classification of the open-ended questions (may possibly include content analysis).  Analysis of results from specific exercises will vary; some have such a wide variety of responses it would be impossible to classify responses, others have response types that would be easier to analyze.

Risks / Biases:  

A pilot would need to be done on a minimal number of students to determine if the study is feasible, if the in class exercises are appropriate, and if the assessment tools (test questions) are effective.  Specific care should be taken when choosing the in class exercises to select those that have responses that can be easily analyzed.
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