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ABSTRACT

Problem-Based Learning (PBL), a methodology with roots in medical school settings, drives student learning through open-ended problems. Rather than the traditional classroom setting where the instructor generally lectures on course content to students, in a PBL classroom students work in groups on developing the skills and content knowledge needed to build a solution to an assignment. The instructor acts as a facilitator or coach to the student groups, guiding them using questions aimed at probing content knowledge, and facilitating students’ own research of the skills needed to form a solution for the problem. Problems are typically drawn from current events, making them particularly relevant to students in today’s classroom. Selecting appropriate courses and their materials is a crucial part in making the PBL method a success. With this in mind, the PBL method is well-suited for an Introductory Statistics course, where problems are generally descriptive word problems based on real-life data. This paper discusses the implementation of PBL assignments into four sections of Introductory Statistics at Clayton State University. A comparison of student performance in assessments is done between PBL sections and traditional sections of the statistics course which were taught by the same instructor, using the similar assessments in all sections. Student success is measured through the following four comparative measures: withdrawal rates, DFW rates, final course averages, and final exam scores. We will also present, and to some extent detail, specific challenges in implementation and non-numerical benefits as perceived by the authors of the paper.
INTRODUCTION
Motivation

Problem-Based Learning (PBL) is used to describe a learning environment where the learning is driven by deep content evoking problems. Groups of students are given a problem or case that needs to be solved, but in the course of solving the problem, the students need to research, acquire additional knowledge, and synthesize the knowledge. The problems are presented with strategic missing information which requires students to investigate and discover the absent information in order to decide what actions are needed to solve the problem. Students must determine what they know, what they need to know, and how to learn what they need to know. The instructor does not formally lecture on the content topics, but instead uses the PBL assignments to compel student learning. The core idea of PBL is that students will learn content through the process of trying to address the problem. This instructional method emphasizes critical thinking and problem-solving, making it particularly compatible for Introductory Statistics courses, which are built on those principles. The case-driven problems are seated in real-word problems, which increases the relevance to the student and ties in nicely with the real-world applications of statistics. To solve these “ill-structured” problems, students must gather and apply knowledge, often from several disciplines. 
Teaching methods that may have worked in the classroom a decade or two ago are, in general, no longer sufficient. The traditional lecture method, still used in so many college classrooms, does little to develop the processing skills needed to accompany content knowledge. High-level skills in communication, computation, technological literacy and information retrieval are necessary to enable students to gain and apply new knowledge and skills, and adapt to new conditions in their careers. Simple technical competence in their major field, while expected, is no longer enough. Students also must be able to define problems, gather and evaluate information related to those problems, and develop solutions. Critical thinking and problem solving skills are an absolute necessity (Duch et al., 2001).  

For many students, math is an intimidating discipline.  Word problems, in particular, are daunting even to those students who consider themselves good with algebraic calculations. Instead of a straightforward algebra problem, statistics problems are characteristically comprised solely of word problems, which require students to determine the problem to be solved and the method by which to achieve the solution. Implementing instructional methods that focus on improving students’ abilities to critically think and conceptually analyze a situation are vital to improving students overall problem solving abilities, as well as developing their statistics skills in the course.

Additionally, students often don’t see the relevance of mathematics to their future jobs or life. They quickly lose interest in the subject matter and view it simply as a means to an end on their journey towards graduation from college. There is a tendency for students to disregard most of the information learned after the final exam is over and the course is complete. By connecting the subject matter to students’ lives and interests, we can get students engrossed in statistics and excited about the content which will, hopefully, increase retention of the material beyond the time span of the course. Problem-based learning is a promising instructional method for Introductory Statistics, engaging students in interesting problems, and helping to develop needed critical thinking and research skills. By questioning, researching, and working towards learning the concepts themselves, not simply the mechanics, the knowledge will be more deeply entrenched in their minds and retained longer. The ever increasing availability of technology, wireless access to research materials and other online resources, makes it possible to extend the learning process outside the classroom or the library, and complements the PBL instruction al process nicely. PBL fosters collaborative learning by forming students in small groups to struggle through the solution process together. The groups create team building, which is an important added benefit. 
This paper details the implementation of problem-based learning in four sections of Introductory Statistics at Clayton State University over the course of two semesters. Samples of PBL assignments are given, and the instructional process is detailed. Student performance is discussed and compared against similar sections taught without PBL instruction. The discussion will conclude with a summary of the challenges encountered and some of the positive outcomes of the methodology. 
BACKGROUND

Clayton State University

Clayton State University, CSU, began as Clayton Junior College in 1968, became a four year institution named Clayton State College in 1985, and achieved university status in 1996. In 1997, the Georgia Board of Regents instituted an Information Technology Project, ITP, at two higher education institutions in the state, one of which was CSU. Distribution of state funded notebook computers to all students took place in 1998. The department of mathematics was charged with making this new technology project succeed. From that point on there was no turning back to the ‘chalk and blackboard’. Currently, CSU has 6200 students enrolled, which is an increase of over 32% since ITP began. CSU offers over 28 baccalaureate degrees and four graduate degrees. Student distribution across the ranks of Sophomore to Senior remains consistent from year to year in the last three years.  Our student population is known for being one of the most diverse in the Atlanta metropolitan area.  The following diagrams from CSU’s 2007 Factbook (“CSU Factbook”, 2007), show enrollment by fulltime students, age and school within the university. 
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Figure 1: Percent full-time students at CSU, 2002-2007
Figure 2: Breakdown of CSU student population by age
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Figure 3: Breakdown of CSU student enrollment by School

Mathematics courses at CSU have enrollment capped at 40 students and is limited due to classroom size. Each classroom has basic Ethernet and electrical infrastructure for the students and a podium with connections to a data projector, DVD and document projector for the instructor.  Students can easily access electronic library resources from anywhere on campus in addition to resources available on the Internet. 
The focus of the paper is PBL use in Introductory Statistics at Clayton State. The statistics course involves the study of basic descriptive and inferential probability functions, measures of central tendency and variation, sampling, and statistical estimation and prediction. The course falls under the University’s General Education core curriculum, and serves students from all of the University’s colleges, with business, nursing and psychology majors comprising most of the classes. 
What is Problem-Based Learning?
Problem-Based Learning refers to an environment where learning is initiated by an open-ended problem for the learner to solve. Complex real-world problems are used to engage students and encourage them to not only find a solution to the problem, but to identify and research the concepts and principles needed to work through the problem. (Duch et al., 2001) In other words, rather than the instructor imparting concepts and knowledge through lecture or guided activities in class, the problem is posed in such a way that in the process of finding a solution, the students research and learn concepts on their own. In the process of finding a solution to the problem, students must assess what they know, determine that they need to know (i.e., learn), and figure out how to learn what they need to know. It is the instructor’s role in PBL to coach rather than lead. 
The method has its roots in medical school settings, where small groups of medical students work with a dedicated faculty member to learn science concepts in the context of actual clinical cases. The general PBL instructional process (Boud and Feletti, 1997) is as follows. 
1) Students are given a problem, generally drawn from the real world, such as a research paper or case study, or simply a fictional scenario drawn from current events.

2) Working in groups of approximately 4 to 5 students, students define the problem to be solved, organize their ideas, and identify previous knowledge relevant to the problem.

3) Through group discussion, students identify questions called “learning issues”. These issues define the aspects of the problem that they do not understand, so as to help focus discussion.

4) Students then rank the learning issues, and decide which questions and concepts will be followed up by the entire group and which can be assigned to individuals in the group. It is at this stage that the instructor will work with the group to discuss what resources are needed to resolve the learning issues.
5) When the group reconvenes, students integrate their new knowledge into the group, explaining new concepts to other group members, connecting new knowledge to old. This process then iterates, with the students defining and dealing with new learning issues as they work through the problem, until the group is satisfied with their solution.
6) Solutions are presented orally or through written reports.

The particulars of implementing this process in the classroom are dependent on the resources available to the faculty member. Few colleges have the resources to allocate a dedicated faculty member for each student group, as is done in the medical school model, even if graduate students or peer tutors are available for this role. Three additional models have evolved to enable PBL use in larger enrollment courses, while dealing with the fact that there is a limited number of faculty.
The first of these modified methods is referred as the Floating Facilitator model. In this model, part of the class time is spent in small group discussions on the PBL scenario, with the instructor moving from group to group, checking on their understanding and progress. By asking questions of each group, the instructor can make sure each group is on track and finding the information they need to develop the skills and content knowledge to build a solution to their problem.  Other portions of class time are spent on mini-lectures, whole class discussions, group reports and other activities. 

A variation to the Floating Facilitator model is the Peer Tutor model. If available, undergraduate peer tutors are used as additional floating facilitators, helping to smooth the problem-solving process, and encouraging positive group dynamics. The peer tutors also can serve as role models in the PBL process, in addition to checking the groups’ work for content and understanding. However, if there are not enough tutors to allow one for each group, this can be difficult for the few peer tutors available. Scripted questions can help ensure that each group is effectively guided towards the instructional goals of the course. For large classrooms, it may be more effective to use smaller blocks of time for group discussion, separated by whole class discussion or mini-lectures in between. (Duch et al. 2001)
What are the Advantages and Disadvantages of PBL?
PBL comes with its fair share of challenges and rewards. The challenges to the instructor can be daunting, especially at first. In college level mathematics, there is a dearth of PBL assignments ready-made for the instructor to use. The result is that the instructor is required to find suitable topics for case problems and write new PBL assignments that guide the students through each statistics concept in the course.  The new PBL structured assignments must also focus on relevance to students’ interest, which is a cornerstone of the PBL method. This challenge alone is enough to dissuade many mathematics instructors from adopting PBL. 
It can be extremely difficult to convert a course to 100% problem-based learning instruction, particularly in courses where a concrete set of topics must be covered in the semester.  The very nature of PBL requires a certain amount of flexibility in scheduling so that the instructor can ensure the PBL assignments will get the students to learn the desired material. If there is a rigorous schedule of content that must be covered, it may not be possible to cover everything through PBL assignments in one semester. One option to consider is converting a portion of the course to PBL instruction methods. Group dynamics are often problematic, and steps must be taken to guarantee sufficient involvement from all group members in order to keep the group running smoothly and avoid any feelings of resentment between students within the groups. In addition, assessment can be tricky. The instructor must determine how to promote group learning while ensuring that individual understanding is achieved, and find a way to assess that. 

The promise of PBL, however, makes it worth dealing with the challenges. In today’s world, we need students to be able to think critically for themselves, to know how to define a problem and tackle it head on. PBL meets these needs, teaching students to go beyond simple factual material and calculations, and delve into a deeper understanding of the content in the course. Since PBL is based on real-world problems, problems can be tailored to the particular student interests (for example medical or business scenarios) so that assignments are appealing and relevant to students. Well written problems can raise considerable enthusiasm in students for the course material. Eager students are happier about attending class, participating in class, and in travelling beyond what is taught in the textbook and in lecture. Learning often continues external to the classroom, as groups meet to work on learning issues, researching content in textbooks or the library. Groups must locate and use all resources available to solve the problem. In mathematics, students will start by focusing solely on the textbook for guidance, but can be coaxed to search for relevant content on the Internet, in the library, by asking other students or their instructor for guidance.
In addition to developing students’ problem-solving skills, PBL develops students’ communication skills as they must present their solution process in written and/or oral reports. This promotes research skills being explored and honed. The ability to work as part of a team is another skill that students will carry with them beyond the college environment into their careers. If it can be shown that PBL sustains a level of mathematics content knowledge comparable to the traditional course lecture format, then the additional benefits of improved critical thinking, research and communication skills make it worth pursuing in spite of the intricacy in writing PBL assignments and assessing performance. 
PBL Use in College Mathematics Courses in the Literature
While PBL has been in use in college settings for many years, there is a surprisingly lack of material dealing with its use in the college-level mathematics classroom. Sendag and Ferhan Odabasi (2009) studied PBL in a computer course for mathematics teachers, finding no significant effect on content knowledge acquisition, but an increase in critical thinking skills.  Ronis (2007) discussed Problem-based learning for math and science in the middle school setting, focusing on integrating math and science with technology use, particularly the Internet. While these are helpful resources, they do not address the college mathematics course. While material for PBL scenarios can be drawn from any discipline, it takes careful planning to focus it on particular mathematics topics. Without existing examples in the literature, this can be a significant challenge.
IMPLEMENTATION

The PBL process in Introductory Statistics
PBL assignments were given in four sections of Introductory Statistics over a two semester period, taught by the primary author. Three of the sections met twice a week in 75 minutes blocks, and the fourth section met once a week for 150 minutes. Several PBL assignments were given over the course of the semester, but the classes were not converted to 100% PBL, due to content coverage requirements. Content not addressed directly by the group PBL assignments were presented in a traditional lecture format, along with supplementary in-class activities. 
Students were put into groups of four to five students, using a learning style survey to guarantee a good mix of learning styles in each group. PBL assignments were a mix of in-class and out-of-class work. Groups were given one to two seventy-five minute class periods for in-class discussion and research, and completed their work outside of class. The class period was divided up into initial discussion time, followed by a question-and-answer period or mini-lecture, then additional discussion and research time.  During the initial discussion time, the groups identified Facts (the things they know), Questions (things they can’t look up, but would like to know), Hypotheses, and Learning Issues (things they can look up in their textbook, Internet, etc.)  Groups were encouraged to research the additional information and skills needed to solve the problem by using the Internet, their textbook, and the library. Clayton State’s laptop policy was a facilitating factor here, as students had access to library materials without having to even leave the classroom. They were asked to share their learning issues during the question and answer period. During the discussion periods, the instructor used the floating facilitator model, and circulated around the classroom listening to groups and asking questions to verify they were working in the right direction. Mini-lectures were interjected as needed to fill in concepts on statistics topics relevant to the scenario, upon request by groups. Groups were required to work outside of class to finish discussion and prepare a written report documenting their findings and recommendations.

Student groups were required to turn in a written report after approximately one week. Group reports do open the door for the possibility of one or two students doing all the work on a particular case. To encourage participation and contributions from all group members, students turned in individual peer evaluations, rating their group mates’ participation on the assignment on a scale of 0 (did not participate at all) to 4 (contributed original ideas, participated in all discussions). Each group report was graded and each student given an individual grade based on a percentage of the group grade. The percentage was determined by their Peer Evaluation score, ranging from 0% to 100% of the group grade.
The PBL assignments themselves were generally short fictional scenes, rooted in the real-world, and often tied to current events. Examples of topics used include examining the relationship between iPods and hearing loss, looking at the poll results from the Presidential election, and investigating the experimental design needed to determine if magnets can relieve pain. Topics were chosen to be interesting to the students in the class while drawing them to focus on particular statistics concepts, such as regression, drawing samples, and experimental design. Each problem included guiding questions (primarily due to the instructor being the only facilitator for the groups), with the number of guiding questions being reduced as the semester went on and students became more used to the format. Problem handouts also generally included additional reference material beyond the problem scene, such as a newspaper article or journal article.
Sample PBL Assignments
Because students are generally new to PBL, the first assignment was designed to be very simple. A sample introductory assignment follows. The first assignment was given in the first week of class, before any statistics content had been covered in lecture.  The assignment also had two components; scene 1 and scene 2.
All the Beautiful Colors

Scene 1:


Maria sighed as little Billy happily munched down on the M&M candies she had just given him. “Oh to be a child again…. not having to count calories!” She smiled ruefully. She looked a little closer at the candy remaining in Billy’s hands. 


“Those don’t quite look like the M&Ms I remember from my childhood. They seem brighter, more colorful. I wonder why they changed them?” Maria said aloud. She opened a package of the brightly colored candies to take a closer look for herself.


“The colors are definitely different. I wonder what the distribution is, and if they changed anything else? Hmmm, let’s see…..”


Your group’s job: Report on the contents of your packages (do not mix bags together, please).

Items to consider in your discussion and report:

1. What characteristics of the M&Ms can you record?

Keep in mind the “Who” - what you are considering as the individual(s).

2. Consider both categorical and quantitative variables.

3. How can you summarize the information you gather from your package?

Graphically? Numerically?


4. What differences, if any, do you see between the bags in your group?

The groups were asked to spend 20 minutes discussing the topic, identifying learning issues and doing a little research on those issues. They were required to turn in a short paper reporting on the data collected, with the students in the role of Maria. Grades were based on the validity and details of the group’s explanations, how well thought-out their questions, hypotheses, and research were, and the clarity with which the information was presented. 
The second part of this PBL scenario was prompted by reports in the news linking overeating to the appearance of food. This was given a few weeks into the semester, and replaced the traditional lecture on experimental design. 
Scene 2:




I love M&Ms, but do they make me look fat?


Maria was talking with her friend Suzie, “So I got to wondering… I know the color distribution in M&Ms these days is definitely not the same as when we were kids.  I found the old distribution listed online: 30% brown, 20% red, 10% orange, 10% green, and 10% tan1. I know that’s not the mix these days- they don’t even have tan ones anymore at all! Did the Mars Company have some purpose in changing the colors?”


Suzie replied, “You know, I’ve been reading in the paper recently about how things like portion size and how things are displayed can get people to eat different amounts. Maybe the colors influence how many you eat, too?”


Maria laughed. “So they’re actually trying to make me fat?”


“Well, there is such a thing as willpower, you know,” Suzie gently admonished Maria. “But, yes, many people think that food manufacturers deliberately choose particular colors or packaging to get you to eat more of their product.”


“Hmm. I wonder how we could test our theory, that the assortment of colors in M&Ms can affect how many people eat,” Maria mused.


“Hey, that’s a neat idea to try out!” Suzie exclaimed.

Your group’s job: Design a study to determine if the color distribution of M&Ms affects how candies many people will eat.

Items to consider in your discussion and study design: 

1. What kind of study needs to be done? What are the main types of studies? What the main differences between then?

2. Do you need to consider sampling techniques in selecting people for your study? Why or why not? How should you select people for the study?

3. Do the participants need to be blinded? What about the researchers? Why or why not?

In the next example of a PBL assignment, students were also given a link to two journal articles from the Journal of Consumer Research, which investigated very similar issues (Kahn and Wansink, 2004), (Miller and Kahn, 2005).  This scenario still included a few guiding questions, but less than the first example. Deliverables included a plan for the investigative study, including a diagram of the study.  A different PBL scenario, also on experimental design, relied less on guiding questions to point students towards concepts such as blinding and comparative design. Incorporated into the fictional story were key terms and ideas, such as anecdotal evidence and placebo effect.  
Magnets for Back Pain?

Suzie walked into the Health Medical Research Institute Monday morning to start her work week. She was in a foul mood, as she had strained her back on Saturday moving furniture, and it was still hurting, in spite of the painkillers she had taken.


Jason saw her scowling, and asked her what was wrong. 


“Oh, nothing really- my back is just hurting from this weekend. Nothing seems to be helping,” replied Suzie. 


“One of my friends suggested magnetic therapy the last time I hurt my back. She was absolutely raving about how much her pain decreased when she wore this magnetic strap around her waist. I don’t see how magnets can really help muscle pain, though. Plus the ones she showed me were really expensive. In spite of all the anecdotal evidence I’ve seen, I didn’t really believe the claims enough to spend the money to try it,” said Jason.


“I know what you mean. I always wonder if people don’t just imagine an improvement, kind of like when you’re a kid, and want Mom to kiss your “boo-boo” to make it feel better,” replied Suzie.

“Well, I did see an article in Nursing in Practice on a consumer trial that had been done [1]. It claimed to show that magnetic therapy worked extremely well, but their study design was very poor- it didn’t control for the placebo effect at all,” commented Jason.

“Hmmm….now that you mention it, I think we have a client that wants us to look into those devices, to see if they really do work. I think I’ll draft up a proposal for a study to look into the magnetic back straps, and run it by the boss. Thanks for the suggestion!” said Suzie, walking off towards her office in the research wing of the building.

Your job: As Suzie, write up the proposal for the study.

RESULTS AND DISCUSSION
Student performance was measured using several indicators: withdrawal rates, DWF rates, final average distributions, and final exam scores. Ideally, we would like to see lower withdrawal and DWF rates with the PBL format courses, and higher averages for final exam and final grade distributions. We are satisfied, nevertheless, with comparable student performance between the two formats. 
Withdrawal And DFW Rates

We look first at the withdrawal rates for Introductory Statistics sections with both the traditional and PBL instructional methods. A student is given a grade of W if he or she withdraws from the course before midterm. The PBL instruction class data comes from 4 sections of the course over two Spring semesters, totaling 138 students. The traditional instruction class data comes from 2 sections of the course over two Fall semester from the same time period, taught by the same instructor, totaling 68 students. Table 1 on the next page shows a slightly lower withdrawal rate in the PBL courses, but the difference in withdrawal rates is not significant (p=0.75).

Overall course success is measured by low DFW rates. Students who fall into the DFW category have not completed the course, earning a W, or have completed the course below the required course grade point average of 70%, earning a D or F. Again in Table 1, we see a lower DFW rate for the PBL instruction courses. However, this 3% difference is not statistically significant (p=0.70).
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Table 1: Withdrawal and DFW rates for PBL and traditional Introductory Statistics
Student Performance: Final Exams and Final Averages
The following table and figures display the aggregate data on final course averages earned in the four PBL instructional format sections and two traditional instructional format sections. Overall, as seen in Table 2, the final averages of students in the PBL and traditional courses are similar, with a mean of 74.05% for the PBL sections, verses 76.71% for the traditional sections. The side-by-side boxplots in Figure 4 illustrate similar medians and interquartile ranges. The only notable difference is a larger number of students earning very low scores in the PBL sections. These students are, almost without exception, ones who failed to complete the class, and did not withdraw before midterm. Figures 5 and 6 show the histograms of final averages for the two instructional methods. Both figures exhibit similar shapes with the expected left skew. A t-test of the difference in mean final averages (Ho: PBL = T, Ha: PBL   T) showed no significant difference, with a P-value of 0.3245.
An analysis of the final exam distributions for the PBL and traditional instruction courses shows nearly identical behavior, with even less difference between the sections. A t-test of the difference in mean final exam scores showed no significant difference, with a P-value of 0.7054. 
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Table 2: Final average statistics for PBL and traditional formats
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Figure 4: Boxplot of Final course average
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Figure 5: PBL course final average distribution
Figure 6: Traditional course final average distribution
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Figure 7: Statistical analysis of t-test for the difference in final average
What Worked in the PBL Classes?
While the hoped-for boost in final class averages and final exam scores was not seen, the instructional method was not detrimental to the students. It did, then again, have several intangible benefits. Many of the groups in each section of the PBL courses became very interested and excited about the case problems. While there was initial resistance to the unfamiliar learning process, most groups did end up enjoying the experience. The instructor received many comments that the topics were interesting and relevant to the students. In fact, the instructor found that a large number of students were still thinking about their PBL assignments well after their groups had turned in their reports. Several groups went beyond expectations in their reports, as well. For example, one group learned about how pain is rated in medical situations, and incorporated that into their experimental design for the magnet therapy. Another group worked to actually implement their experiment to determine if the color distribution of M&Ms impacted the amount people would eat.
The PBL assignments tended to open up lines of communication and increase student interactions, as well. Students were more willing to discuss difficulties with the instructor. The PBL groups also tended to form active study groups for the tests, something that does not occur often in the traditional Introductory Statistics courses. Students polished their writing skills over the course of the semester, which was reflected in the improvement in quality of the PBL reports over the span of the semester. 

What Didn’t Work in the PBL Classes?
There were some significant instructional problems encountered during the two semesters with PBL instruction; however, none of the issues were insurmountable. The instructional problems pose a hurdle to department-wide implementation of PBL in mathematics courses at our institution. There were the typical issues with group dynamics to be expected with some students giving minimal participating on the assignments.  With the large non-traditional and part-time student population at Clayton State University, some groups had trouble meeting outside of class, trying to schedule around members’ jobs and family obligations. A general obstacle, for undergraduate courses across the region, was that the research skills of many of the students are sorely lacking. Another dilemma was the student groups were initially reluctant to go beyond simple discussion in the classroom to actually try learning the concepts and skills from other sources such as the textbook, library or Internet resources. At the start of the PBL course, students’ writing skills were below expectations for a college-level course.  The writing skills did improve over the course of the semester, after much direction from the instructor. Lastly, despite of the use of the floating facilitator model with a great deal of work by the instructor to make sure that all groups were heading in the right direction at the end of the in-class discussion time, a few groups turned in project reports that were completely off track and/or wrong.
Two of the biggest stumbling blocks during this experiment were time and the lack of materials available. The first impediment is a large mass of course content that must be covered in a relatively short time frame. The Introductory Statistics course has a common departmental final exam for all sections; therefore, there is a need to cover a large amount of material in the course and little flexibility in cutting topics from the curriculum. There is already a “time-crunch” present in teaching this class, and allocating class periods for PBL assignments meant that there was a danger of not covering all the material in one form or another. The second impediment is the lack of research work on PBL in the college mathematics classroom and complete absence of PBL cases available for the mathematics discipline.  Consequently, this left the crafting of PBL assignments to the author.  Crafting PBL assignments that effectively targeted particular statistics topics, while incorporating attractive topics to the students, was difficult.
CONCLUSIONS

While there were no significant improvements in overall student performance, Problem-based learning did have some positive benefits. Increased student collaborations were seen, as well as greater interactions between students and the instructor. The primary benefit of PBL in the literature is its impact on critical thinking skills, which were not directly assessed in the Introductory Statistics courses. The instructor saw a marked increase in enthusiasm for the course content with many students, and more attention being paid to the course outside of class time. The negatives involved with implementing PBL in the mathematics classroom can be daunting, and should not be taken lightly. The PBL instruction method can take instructors outside their comfort zone with challenging work to craft PBL assignments to naturally lead students towards the researching and learning of the desired content.  The student practice in writing about mathematics and statistics can benefit the student in all other disciplines.
FURTHER WORK

Additional work in this vein will take place on two fronts: improving assessment of student performance, and the development of appropriate PBL assignments. Ideally, the number of PBL assignments used in the instructor’s classes at Clayton State needs to be increased so that the PBL method is implemented in nearly every class meeting. The assignments must be broken down as scene ‘bites’ of a larger, more encompassing scenario, where the additional information and goals unfold as students travel through the content. Improvements and adjustments can be made on how the student groups accomplish their work by providing online discussion forums and chatrooms, enabling the groups to meet virtually as well as in the classroom. PBL scenarios have to be renewed each semester, in response to current events or interest areas for a particular class of students.
Problem-based learning is focused on improving critical thinking and problem-solving skills, while still having the student learn the desired content. Future work in the classroom will add in assessments of critical thinking skills, to determine if the PBL instruction method is actually benefiting critical thinking. A second benefit of PBL cited in the literature is increased retention time for the material. The author would like to follow up with a sample from a group of students who have been taught Introductory Statistics using PBL, to determine the amount of content retention has taken place a year after the course is completed and compare it with students who were taught statistics via the traditional lecture. 
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