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Abstract

Our evaluations of student learning have indicated the more accurately we can address the student learning process with visualization the better the student outcome. This includes issues such as more interactive systems and a wider range of information. We are developing, using and then evaluated visualizations for use in courses. This finding is based on a sequence of three experiments with three separate visualizations, with introductory Computer Science (CS1) classes. The visualizations show the concept of an object, interactions within a class and recursion. We measured the number of times each visualization was accessed by a student and the student's score on test questions related to the concept demonstrated by the visualization. The instructors participating in the study used the visualization for some sections and not for others. The most interactive tool produces statistically significant different results for the treated and untreated groups. The other experiments showed some improvement for parts of the treated groups, but not at a statistically significant level. 

Introduction

We have been using visualizations in the classroom to help teach computer programming. We have found a visualization that produces statically significant improved results for the students in learning the concepts of programming. Learning to program is hard and the process of learning can be helped by images. These images are visualizations of the information and the interrelationships of the information. Every teacher uses versions of visualizations to present concepts for example boxes and arrows to show link lists, boxes and values to show stacks and memory allocation and de-allocation. Both the instructor and the students consider these visualizations important to the learning process. However, when people have tried to prove the visualizations importance, the normal result is "makes no difference". That is, statistically, the grades and other outcomes are not different between groups that use the visualization (treated) and those that do not use the visualization (untreated) [(Byrne, M. D. et al. ‘99), (Stasko and Lawrence ‘98)]. 

We have been developing visualizations to use in introductory computer programming classes. Each visualization is then used it in a classroom setting. We have evaluated the outcomes by comparing treated and untreated groups. We have found that some of the visualizations improve the student's outcome. However, we also have not found statistically significant improvements. As we go through the process of producing these visualizations, we try to improve based on our previous efforts. Recently, we found a visualization that produced a significant different level of performance. 

This paper based on three experiments we did, and addresses what we did right and why it works. We selected three of our experiments to show a progression. The first experiment shows a nice picture of what a process was doing. The second experiment has a student interactively select train cars to build a train. The GUI is interactive, and the code is supplied. The hope is the student will be able to follow the code and understand what the interactive program is doing. The third experiment was an interactive step through a program with multiple panes showing different parts of the program run. This included the pushdown stack, variable values and other views. We had expected that experiment 2, with its interactions would show a major improvement in outcomes. It helped but it was a small step up. Experiment three, however, produced a very different response. Users improved, and at a significant level. The only exception was a group that viewed it 10 or more times. These people seem to be lost and were hoping the images would "tell them" something rather than using the images as a place where they could "find information". 

	Experiment
	Type of Interaction
	Amount of Interaction
	Statistical Results
	General Trends
	Interesting Items

	#1 object definition
	flip panels
	two pages
	Not Significant at 5% level (p value 0.23)
	little change
	"two visits" improved

	#2 train showing objects
	interactively control program
	2 to 10 program steps
	Not Significant at 5% level (p value 0.20)
	appears visualization helped
	"one visit" for students having overall problems helped

	#3 recursion
	watch a complex multi-pane move play
	15 steps
	Significant at 5% level
	noticeable gain from use
	everyone except "very frequent visits" improved


Table 1: Summary of experiments 

The problem of "makes no difference"

With the advent of the Internet, there is an increased effort by researchers to provide better visualization. But much has yet to be done to determine the effectiveness of visualization in the learning process. [Mayer and Anderson ‘91, et.al] confirmed that visualizations help to improve the learning process. After extensive research in literatures on related topics, one can find a number of studies of the general effect of visualization on learning [Byrne et al 99]. There has been little growth in determining the effectiveness of visualizations. The pioneers Stasko and Lawerence who initiated one of the first studies in this area point out the difficulties in determining in some easily quantifiable way how much visualization can help as the primary reason for the less efforts on the part of the researchers. They agree that this is an important and relatively unexplored corner of software visualization, ripe for future inquiry and analysis [Stasko and Lawrence ‘98]. Byrne, Catarambone, and Stasko have done a complete comprehensive review of various efforts taken by different researchers in trying to quantify or find the effect of visualization on the students community in different settings [Byrne et al. ‘99]. All these efforts differ in a number of features: time with which the students were exposed to the visualization, settings of the situations - such as research settings, quiz type settings, home work situations, questions used to evaluate the effect of visualization, the motivation of the participants, and the type of the visualization. Most of all earlier works involve volunteer student participants. Stasko, J.T. and Lawerence, A used volunteer student participants with no commitment towards the result of the test [Stasko and Lawrence ‘98]. Colleen Kehoe, John Stasko, and Ashley Taylor, tried to find the effect of visualization on the graduate students in the homework type situations. Their study showed that when visualizations were used, the students did much better at free response questions, and that the visualization made algorithms "less intimidating."[Kehoe, Stasko, and Taylor ‘01] Andrea W. Lawrence, Albert M. Badre, and John T. Stasko conducted a study involving the use of visualization in classroom and laboratory settings. Results indicated that allowing students to create their own examples in a laboratory session led to higher accuracy on the post-test examination of understanding of the algorithm as compared to students who viewed prepared examples or no laboratory examples. Their study was designed to mimic more closely a traditional classroom and laboratory use of visualizations. Again the participants are all volunteer students [Lawrence, Badre, and Stasko ‘94]. We believe that the motivation of the participants, the commitment on their part towards the result of the test, setting of the situations - such as quiz, or homework, test will improve the effect of visualization on the students [Byrne et al. ‘99]. That is, we expect, even with visualizations that are effective, they may show significant results in a real class and not in an experimental setting. 

The characteristics of a "Success"

We have been developing and fielding visualizations in the classroom for several years. For these various visualizations we have had strong anecdotal evidence from the students and the instructors that the visualizations were of value [(Juell ’99), (Juell ’01)]. However, we have not been able to support that with evidence of a statistical significant in learning. From our experiments we have started honing in on items that improve response and performance of the student. We now have an example where we have a statistical significant improvement in performance based on using visualization. We reached this example through a series of steps that we think explains why the last visualization shows a difference. Experiment 1 involved limited interaction from the student. The student would toggle between two pages while looking at the object examples. Experiment 2 involved more interaction in that the student would select items to be included and then would see them displayed. Experiment 3 involved more interaction with the data. Although the student did not interact by a large number of mouse clicks or movements the display required a more active viewing by the student. That is, we feel the student interacts more with the display in watching the multi-panel display. 

Steps to an Answer

The following describes the three experiments we ran. 

1. the test population 

2. experiment 1 - limited interactive view of objects (OBJECTS) 

3. experiment 2 - interactive creating items (TRAIN) 

4. experiment 3 - dynamic movie of recursion (RECURSION) 

The experimental design

Our main goal with this work is to improve learning for student. Our interest has been in augmenting and improving classes. That is providing visualizations as tools for use by students and teachers in classes. As part of this process of fielding our visualizations we also have an assessment process. We are working with instructors teaching sections of normal classes. These instructors have agreed to use the visualizations in their classes and to do some particular assessment steps. The assessment includes, tracking accesses to the visualization, surveys and student response to individual test questions and the overall test scores. The instructors have agreed to work with us because they believe that the tools will help their students. In one case, experiment #1, the instructor chose two sections that needed help for treatment and one section that did not seem to need additional help for the untreated. Since we are dealing with real classes, and the opportunities we have, our assessment techniques and details are somewhat different for each experiment. For experiments 1 and 3 we had treated and untreated sections. For experiment 2 we had measurements before and after treatment. 

All of our visualization pictures are made similar to the visualizations in the textbook [(Horstmann ‘99) (Juell ‘99)] used in this course to ensure the uniformity of the visualizations used in the book and the web. All the sample code, testing questions are taken from the supplemental provided along with the book. Both formative evaluation and empirical evaluation were done. Formative evaluation of the visualization was done with the help of the instructor who was teaching this course and to some extent from the students [(Ciesielshi and McDonald ‘01), (Stasko and Lawrence ‘98)].  In the first setting, visualization was provided to the class shortly before a test. This test covered the points presented in the visualization, along with a range of other issues. We wanted to see if the visualization would help learn the material. We tried to measure this learning by placing a question on the test directly addressing the information in the visualization. We had three sections of this course, two, which would be treated, and the other one would not be. The class was using Blackboard for delivery of material, so the visualization was supplied on the Web by Blackboard. Accesses to the visualization were logged. The logging showed the number of times each member in the class accessed the visualization. After the test, the score on the selected question was recorded for each student. We then collated for each student the full test score, the selected problem score, and the number of accesses to the visualization. This information was then statistically evaluated. The treated group was told about the visualization about a week before the first major test. The visualization could be accessed with the other class material for those in the treated group. The instructor uses a moderate amount of Web material for the class, but the Web is not the day-to-day operational source of material for the class. The material was provided through Blackboard, and was not available to the public or to the untreated group. The three classes studied were the Fall 2001 sections of CS227 Computing Fundamentals I (CS1) for MIS students. This is an introductory programming course taught by Computer Science, but only taken by MIS students. The same instructor was teaching all three sections and was interested in the experiment. He tried hard to get maximum response from the treated group and not to contaminate the other group. In the second setting, we have selected CSCI 160 class, section 1 in the spring term 2002. This class had about 40 students. Students from different majors take this course as an introductory programming language course (Java I). Most of the students end up as Computer Science Major. The instructor used Blackboard for this course and uses a fair amount of web material in teaching in the class. The following procedure has been followed for all the three visualizations. First the students have been taught basic concepts using conventional chalk and board. Then they have been given a quiz in which the questions are related to the basic concepts. The quizzes have been evaluated and the scores recorded. Again the students have been taught the basic concepts using the visualization and allowed to access the visualization at any time for one week. They have been given a quiz again, in which the questions are related to basic concepts addressed by the visualization. Once again the quizzes have been evaluated and recorded. All these results have been analyzed by our university statistician. All the tracking details of student access have been done using Blackboard. 

The results

The statistical results were "Makes No Difference" for experiments 1 and 3 of setting1. That is, there was no statistically significant difference between treated and untreated. For setting 2, Out of the three experiments, Experiment1 has again failed to produce a statistically significant effect in learning. Experiment2 has been expected to produce results as it involves some level of interaction from the student. It has also failed to show a statistically significant difference in student learning. But the Experiment3 had at statically significant effect on student learning. The variable for Experiment has p-value of 0.0323, which is less than 0.05(5% significant level). This indicates that experiment3 is a significant predictor for overall grade. 

What we think the results tell you

In order to determine why the third experiment worked, it helps to understand why our first two experiments did not produce statistically significant results. In both of the first two cases, the instructor and students thought the visualization were important in understanding the material. Why then low difference in outcomes of treated and untreated groups? We think that the visualizations truly did aid the students, but that the problem was one that student would have solved without the visualization. We think the visualization either allowed the student to learn quicker or to more clearly understand the concept. The quicker learning would not show on an outcome-based test. Better quality learning may also not show on a normal test, because we normally would ask relatively straightforward tests on a test. 

Based on the analyses, we think that experiment 3 presented a problem that the students found problematic to solve. Either it took longer to understand than the student wished to expend or not getting a clear understanding made it difficult to answer test questions. Now what properties aided the student? We think two major properties of the visualization aided the student: interactiveness and multiple knowledge sources. The visualization instruments the program at a statement level, and show details, one step at a time. That is the users interacts with the program and screen at a statement level of the problem. The steps and interactions for experiment 2, the train building program, were at a course level of the major program components. Since the user is trying to understand what the lines of code are doing, it is a better match to step and interact at that level. The other part is that we better matched the process that user is going through to understand the problem with the last visualization. The train building example was the most visual appealing, user controllable and showed the results of the operations in a clear fashion. However, it did not show the corresponding internal operations. The third experiment showed the internal states and allowed the user to compare the information from a range of points of view. The user is trying to integrate the concepts of coding, recursion, memory and the problem being solved. Our visualization, used in the third experiment, directly address this issue by provided a way to inspection of the various states for each program step. 

Summary and comments about future work

We continue to see value in visualizations, even when we cannot show a statistical significant improvement in learning. However, based on this work, we hope to improve our products. The basic lesson we have learned is to address the actual learning process. Many visualizations just address the "hard parts" of the problems. For the Our successful experiment allowed the student to see a range of information. This collection of information supported the student in the process of integrating the information. The student also needs to be able to interact with the information. This does not say mouse clicks are the same as education. What it does say, is the student needs to control the display of information based on current learning process. This may not be directly correspond to the major algorithm steps. We are working at addressing these issues by, carefully, providing a range of program state information and providing a richer set of interactive controls for the user. However, the value of these will depend on how well we address the actual learning process for the user. 
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