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Abstract:

Non-classroom based pedagogies for teaching statistics present several challenges that may initially appear insurmountable. First, the quantitative nature of the subject creates a fear, and acts as a barrier to learning even in a classroom setting.  In a non-classroom environment where the educator is not physically present to reassure the student or to go over concepts again, this barrier may be daunting. Second, the symbolic nature of statistical knowledge makes non-classroom based interactions and communication between the instructor and students challenging as well. This paper describes an experiment over two terms (winter and spring 2004) teaching statistics online to graduate students in the Public Service graduate program at DePaul University. Central to the success of online learning is adequate course design - the key aspects of which are first discussed in this paper. Since the courses were taught using the traditional in-class and the new online format over both terms by the same instructor, the experience also allowed for an assessment of how well the learning goals had been achieved using both pedagogies. Finally, the paper concludes by discussing some key issues involved in the successful design of an online learning experience for graduate students in public and nonprofit administration programs. 

Teaching Quantitative Methods (Statistics) Online to Students in Public Administration Programs: Challenges and Opportunities

1.0 Introduction: 

While online learning in general appears to present useful pedagogical opportunities to educate public administration students, teaching quantitative methods (statistics) online sometimes appears to present more challenges than benefits. For instance, most of the students in the public services graduate program at DePaul University work full time in public or nonprofit administration careers, and like other professionals working toward a graduate degree have considerable personal and professional constraints on their time spent in the classroom and in getting to and from the classroom. Given these constraints, they would appreciate alternative methods of content delivery and learning that are not classroom-based.  This situation presents an opportunity for programs to consider moving some of these students learning experiences to an online environment either partly or completely. 

In the case of non-classroom based pedagogies for teaching statistics however, two substantial challenges present themselves that may initially appear insurmountable. First, the quantitative nature of the subject creates a fear, and acts as a barrier to learning even in a classroom setting.  In a non-classroom environment where the educator is not physically present to reassure the student or go over concepts again, this barrier may be daunting. Second, the symbolic nature of statistical knowledge makes non-classroom based interaction and communication between instructor and students challenging as well.

In this paper we describe the key design issues involved in developing an educational pedagogy over the past year to teach graduate-level statistics to public administration and policy students in an online (internet-based) environment. MPS 580 Quantitative Methods in Public Services and MPS 582 Research Methods are the two foundational courses in the four-course research sequence culminating in a graduate thesis from the Public Service graduate program. The program targets full-time administrators with work experience who are interested in enhancing their skills and competences, which they do in the program on a part-time basis due to limitations of their time. MPS 580 is taught with the implicit assumption that it is usually a student’s first course in graduate-level statistics, possibly with a gap of more than a few years between any courses in statistics taken at the undergraduate level, if at all. MPS 580 is usually considered to be a challenging and rigorous course by most students especially for students with no background in statistics. The general approach taken is to teach this course is to focus on the important practical implications and interesting applications of statistics, reassuring students that learning statistics can be fun as well while ensuring that students are exposed to the statistical tools essential to following papers published in research journals and to conduct research on their own.

Policy development and administrative decision-making often require the collection and analysis of quantitative data. MPS580 covers the application, interpretation and evaluation of basic statistics and introduces a variety of statistical methods in the context of public management and policy analysis. The goals of the course include helping students a) to become intelligent and discerning consumers of quantitative information, b) to obtain the knowledge and confidence to conduct "back of the envelope" calculations in statistics and c) to equip students with the skills needed to undertake statistical analysis using software, with an emphasis on interpreting the results of statistical analyses rather than the use of the software itself. 

We first discuss the key components of the course design as it is currently offered
. We then present some results of evaluations of this course conducted over two terms by students taking this course. One unique aspect of this evaluation is that over both terms this course was taught both online and in the traditional in-class format by the first author using the same course materials.  This allows for a more relevant comparison of learning outcomes with some caveats that will be discussed later.

2.0 Course Design: 

The course consists of a series of four online modules most of which are sub-divided into smaller sections called units (corresponding roughly to a week’s work). The first module deals with descriptive statistics. Its purpose is to provide students with the basic knowledge and skills needed to describe and summarize numerical data. The second module introduces students to the techniques of inferential statistics and the tools needed to generalize from a random and representative sample to a population. The third module exposes students to concepts and practices related to the measurement of simple associations (relationships) between data and inferences to the population while the fourth covers the application of multivariate techniques such as linear regression to model and analyze multiple relationships between data (See sample course schedule in Appendix A). The term length in the program is a quarter or 11 weeks.

The following are the key components of the design of statistics course that was taught online were:

2.1 Data-based approach: 

Carolyn Hill (2002) discussing current trends in teaching statistics to graduate public administration and policy students argues that encouraging students to apply their statistical skills by applying those skills to projects such as analyzing social science datasets shows positive results in terms of student understanding of key concepts.  In the case of students in the Public Services program at DePaul University, an exposure to the statistical analysis of databases also provided the additional benefit of preparing them for their thesis experience –one aspect of which could involve the analysis of such datasets. Throughout the course students were required to analyze data from the General Social Survey (GSS), a nationally representative dataset collected annually by the National Opinion Research Center (NORC) at the University of Chicago. Another benefit of getting students involved in analyzing a dataset representative of the U.S. was the increased motivation shown by students to explore American perceptions on social, political, economic and cultural issues and about which the students themselves had some familiarity and (quite frequently) strong opinions as well.

2.2 Statistical software: 

With the current sophistication in the creation of large social science datasets, there is a complementary need for students to learn the use of software to conduct statistical analyses of these datasets. The statistical software used is the widely used and user-friendly software used in data analysis -the Statistical Package for the Social Sciences version 11.0 (or SPSS). Familiarity with this software was required in projects and examinations related to the course. One critical benefit of adopting the software-based approach in an online course in statistics was that it enabled students to communicate and interact online by commenting on the output from SPSS and to think about other students’ interpretation of the results. The major drawback in teaching statistics online-the communication of symbolic knowledge was thus largely overcome. In order to cover a preliminary exposure to SPSS and the key features of online learning, one computer lab session was scheduled at the beginning of the course with the instructor.

2.3 Textbook selection:

 In our experience, the success of any online course crucially depends upon the accompanying reading materials. In the absence of face-to-face interaction between students and teacher, the textbook selected can determine the success or failure of the course meeting its stated objectives. These materials either need to be created in-house to fit the course design, or textbook(s) need to be selected that can accomplish the objectives of the course. The textbook selected, recommended by Hill (2002) was Joseph Healey’s “Statistics: A Tool for Social Research”. This text had the additional advantage of combining in a single text, exposure to graduate-level statistical concepts, to datasets, to instructions on the use of SPSS to analyze these datasets, and to interpretations of the SPSS output. To have what we believe to be key design features of an online course available in a single text, resulted in lowering the misinterpretations that sometimes occur when separate textbooks are used to teach statistical concepts, statistical software and database analysis due to non-standardization of conventions and terms used to describe statistical concepts
. This problem we believe is accentuated in online learning because of the inability of the instructor to anticipate and every incidence of student confusion that arises, as fruitfully as can be done in an in-class setting. 

2.4 Online learning software: 

The software used as a portal for the online learning process was Blackboard, which has numerous features that enable communication and interactions between instructor and students. The software facilitate discussions both in real-time or with a lag, options for administering and grading quizzes and posting materials online for information, and a fairly convenient dissemination of student performance information such as performance on quizzes and projects.

In brief, the online course encompasses a data based approach with statistical software along with opportunities for learning centered around discussion boards to ensure that students share and benefit from each other’s experiences with statistical analysis. Students use SPSS to conduct an analysis of real-world datasets associated with the assigned textbook and then post their output and interpretations to the discussion board.  The use of applied statistical data analysis is adopted to enable students to understand the value and applicability of statistical tools in a real-world context. 

3.0 Assessment Components:

In order to incorporate the main features of course design described in the earlier section, the following were the substantive (graded) components of the course created to achieve the learning objectives for the course.

3.1 Online Discussions: 

Online discussions involve students posting solutions to the problems assigned for discussion as well as commenting in the discussions of others. For each week, each student posts a solution (using SPSS and the GSS dataset) to the discussion board and also comments on the solution posted by one other randomly selected student. Other students are free to add their questions or comments to any of the posts.  The online discussions are a critical forum for students to ensure that they were clear about the concepts introduced in that unit. It seeks to duplicate the learning experience in a classroom environment. These discussions are not conducted in real-time (although Blackboard has that options as well) primarily to enable students to participate in these discussions at their convenience rather than at a fixed time. The faculty closely monitors and evaluates the posts and posts but only posts a response when deemed necessary to clarify a matter, provide a real-life example or to arbitrate differences in opinion. Because of the perceived importance of this mechanism to the students learning experiences, 30 % of their course grade is assigned for this activity. A sample discussion for a unit is given below:

Discussion 2: Basic Descriptive Statistics (Respond by Saturday midnight)

Based on Chapter 2 of the textbook.
This discussion will involve a minimum of two posts by each student in this week. 
In the first post, use SPSS to obtain the frequency distribution of one nominal/ordinal variable and one suitably recoded interval-ratio variable from Appendix G (page 515-522). Create a suitable graph or chart for the two variables you select and briefly describe it. Copy and paste your frequency distribution, graph and description into a Word file and attach it to your post to the discussion board.
In your second post, critically review the submission of another student. Your review should assess the appropriate selection of graphical tool relevant to the variable's level of measurement as well as the interpretation of the graph by your colleague.

3.2 Bi-weekly, Midterm, and Final Research Projects: 

A critical component of tracking and assessing students understanding of the course materials are the projects assigned throughout the course. The bi-weekly projects are a mechanism for students to learn how to consolidate their learning across one or two units and apply it in a real-world context using SPSS and selected variables from the General Social Survey (GSS) database. Each research project is worth 7.5% of the final grade. Both the correct interpretation of the data analyzed and succinctness of presentation are emphasized. Simply submitting output from analyses done using SPSS is not considered sufficient to meet the goals of the project.  The midterm project is worth 15% of the final grade and tests students on their understanding of concepts covered in the first half of the course and their skill in using SPSS and the GSS dataset. The final project is worth 20% of the final grade and tests the ability of students to demonstrate mastery in selecting and applying the tools of statistical analysis (concepts, software, and dataset knowledge) learnt in this course to gain insights in understanding a real-world problem. The final project is also intended to simulate the future data analysis experiences students might encounter in conducting their future thesis research.

3.3 Weekly online quizzes: 

Each quiz consists of ten multiple-choice questions that provide students with a personal evaluation of their understanding the key concepts involved. Student performance on the weekly quiz, which was set up to be automatically graded and reported on Blackboard, also proves invaluable to the instructor to determine which students were facing challenges in understanding the material and for intervention in the form of a telephone conversation or a face-to-face meeting if necessary. The quizzes in all comprise 10% of the course grade.

3.4 Student web page:

 The idea of a student web page created on Blackboard grew out of the need to enhance the personal interaction between students and faculty, which sometimes suffers in an online learning atmosphere. Students are asked to make a brief but informative website to share their background (both personal and professional) with the rest of the class. A very small percent (2.5%) of their course grade is assigned as an incentive to the completion of this activity.

A sample study plan for the online statistics course is provided in Appendix B.

4.0 Course Assessment:

We now report the results of an assessment of the learning goals attained by two groups
 of graduate public administration students learning graduate-level statistics, both classes taught by the first author in the winter and spring of 2004. The first group learnt statistics in a class-based environment, and the second learnt statistics in an online environment. In comparison with the online course, the MPS 580 in-class course was taught in the traditional lecture format once a week. Half the class time is spent on a lecture of the statistical theory and concepts and the other half in the computer lab where data analysis of the GSS database is demonstrated using the concepts taught earlier with an emphasis on critical interpretation of the SPSS output. The same textbook and course information (PowerPoint slides) were used. The means of assessment of student learning were similar to the online version with quizzes and take-home projects (bi weekly, midterm and end term) as the primary means of assessment. The essential difference between the two courses was that students did not share or comment on each others work online in the in-class version as they did in the online version while students in the online version did not meet in a classroom setting every week.

4.1 Findings:

Presented below are key components of the anonymous course evaluations by students of the both the online version of MPS 580 and the in-class version in the winter and spring 2004 terms compared to the department average
 for that term. In terms of response rates, in the winter term 5
 of the 9 students enrolled in MPS 580 online and all 7 students enrolled in MPS 580 in-class completed the evaluation. In the spring, 9 of the 13 students enrolled in MPS 580 online and 9 out of the 12 students enrolled in MPS 580 in-class completed the evaluation. The response to each question was measured on a Likert-type scale ranging from 1 representing “Strongly disagree” to 5 representing “Strongly agree”.

Chart 1: Course Objectives
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#1: Whether course fulfilled its stated objectives.
#7: Whether course improved student’s understanding of issues covered.
#9: Taking everything into account, whether this course is a good one to have in the Public Service program.

Chart 1 compares student responses to three key questions about whether the course met its objectives and whether students liked the course. In general the online course met its stated objectives in the winter term itself although there were some start-up issues with the online version in the winter term when compared with respect to the department mean for question responses # 7 and #9. The in-class version had been taught in its existing format for one term prior to the winter term and seemed to fare better in this comparison. In the spring term however we see an improvement in the student perceptions of the effectiveness and usefulness of the online course, which exceeds the department average and the perceptions about the in-class course.

Chart 2: Instructor Quality
#10: Whether instructor is knowledgeable about subject.
#18: Whether instructor motivated student to work in this course.
#20: Taking everything into account, whether the instructor’s teaching was effective.

[image: image2.wmf]3.00

3.50

4.00

4.50

5.00

#10

#18

#19

Dept. Mean (Winter)

MPS 580Online(Winter)

MPS 580Inclass(Winter)

Dept. Mean (Spring)

MPS 580 Online(Spring)

MPS 580 Inclass(Spring)



The second chart shows the student evaluation of instructor competence in terms of knowledge, ability to motivate the student to learn, and overall effectiveness of the instructor in teaching the course. The intention was to examine whether online teaching has any substantive effect on student's perceptions about these aspects. As the chart shows, while the first online course offered in the winter did reduce student perceptions of instructor knowledge slightly, by the spring term student perceptions were even higher than that of students in the in-class course and substantially higher than the department average most of which (other the online MPS 580 course) were taught in-class. With regard to student perceptions of the overall effectiveness of the instructor we see that the online course fared better than the department average and the in-class course in both terms. The possible negative aspect of online teaching appeared to be in the student's perception of the instructor's ability to motivate students to learn. While the online course fared better than the department average on this aspect, it fared worse than the in-class course on this measure both in the winter and spring terms. The feedback from the students taking the online version in the winter was very positive overall with several suggestions for improvement which were incorporated in the online course offered in the spring term. 

In response to the question that asked what was the best part of the course and how it could be improved. Student responses were:

· The flexibility that it offered. Being able to post your comments at any time of the day was great.

· I enjoyed the SPSS assignments and the projects.

· PowerPoint slides, discussion board, online nature of the course.

· The convenience of an online course is great! Ron’s availability and response time was great online. The Blackboard content was organized well.

· Not going to class.

· I was very nervous about taking this class online and I found it very challenging but not too difficult. There was greater flexibility than in many other classes I have taken. I might try to lighten the workload slightly. I spent more time working on this class than any of my other classes.
· I think there were too many assignments.  Took exactly a week to complete the readings, online discussion, projects, etc. This would not be so difficult if students take this class alone. 

In the spring, the online version of the course showed much improvement with the course being rated substantially higher than the department average on all three aspects. Student responses to the question about the best part of the course included:

· That it was online.

· I enjoyed the Internet learning experience but I was very apprehensive going into it. 

· Being able to work at our own pace, as the due dates were all at the end to the week, we could complete the assignments as our own schedule permitted. It was so helpful for those of us who are taking other classes so that we could work this class’s coursework around other coursework at our convenience.  

· It was online!! Don’t think I would have survived a lecture in class on the subject. I was able to complete things as I had time.

· Not having to come to class after being at work all day. I very much liked the online format. 

· I loved that the class was virtual. It really helped me balance work & school. I didn’t feel like I missed out on anything. 

The instructor’s assessment of quality of student learning in both terms based on performance in the projects and student motivation to learn statistics also did not show and significant differences between students who had taken the online version as opposed to those who learned statistics in a classroom setting. 

Some reasons for the improvement in assessment of the quality of the online course could be the changes made to the course design by the instructor based on feedback from the students. One change involved the discussion board component of the course-in the winter term (when the online version was first offered) students were asked to comment on current research papers published in social science journals and selected by the instructor to illustrate the key concepts covered in that unit. This task proved challenging and impractical to implement because of the wide variety in the statistical methods adopted in these papers and the unfamiliarity of students with these diverse methods. Based on student feedback, it appears that the assignment of task negatively affected student perceptions of course and instructor effectiveness. In the spring term, this task was amended to having students discuss selected research issues covered in the assigned textbook. 

Second, in the winter term, student posts to the discussion board were first read and commented upon by the instructor. In the spring term, the rules were modified so that students first commented upon the posts of other students with the instructor online commenting only a) when a critical clarification was called for, b) to compliment a student’s post that was exceptionally thoughtful, or c) to summarize the learning from the unit. In general, feedback from students in the spring suggests that they perceived this method to be more useful and reinforced the feeling that they were all in this together. Getting feedback from fellow students also motivated them to find out (in the case of incorrect posts) what they were missing that their fellow students reading the same materials had understood correctly.

5.0 Summary:

The results of the course evaluations from both terms from students in the online and in-class versions of the MPS 580 course suggest that students learning statistics online did not experience some typical negative consequences one would anticipate as compared to students in the class-based environment. On the contrary, online learning appeared to permit a more thoughtful and detailed examination of relevant concepts and a higher achievement of learning goals by students and satisfaction with the instructor, than did class-based learning. 

For faculty intending to create and offer online courses in statistics, the results from our experience suggest that the design of content in an online learning experience is crucial to the successful grasp of statistical concepts by students.  In terms of learning how to teach an online course, the first author and instructor attended an online course taught by the second author at DePaul University on how to create and teach an online course, which was invaluable. Actually taking an online course enables faculty to get into the shoes of students and to internalize their experiences so as to design a more valuable educational experience for their students. 

In the teaching of quantitative methods, the use of applied database analysis in conjunction with the use of statistical software helps overcome the traditional barriers that challenge the teaching of statistics online. The key learning from the design and implementation of the MSP 580 online course also suggests that listening to the problems voiced by the students and addressing them systematically has its rewards in terms of improved student learning and satisfaction. A key advantage of online learning statistics online voiced by public and nonprofit administration students is the flexibility that online learning provides them. It is essential in the design of any online course that this flexibility be preserved and used to engage students meaningfully. Students are advised in the initial briefing session about the need to be self-disciplined in order for them to succeed in the course. Our experience suggests that the benefits of flexibility that students obtain from taking an online course provide the essential motivation for students to persevere and complete the course successfully. 

Appendix A: Sample Course Outline

	Modules & Units
	Topic

	MODULE 1: Introduction to Statistics & Descriptive Statistics
	UNIT 1
	Readings: 

Chapter 1: Introduction (pages 1-17) and also Introduction to SPSS and the General Social Survey (pages 20-21)

Graded Deliverables:

Student’s webpage on Blackboard, Quiz 1; Online Discussion I

	
	UNIT 2
	Readings: 

Chapter 2: Basic Descriptive Statistics (pages 22-57 & 62-68) 

Graded Deliverables:

Quiz 2; Online Discussion II

	
	UNIT 3
	Readings: 

Chapter 3: Measures of Central Tendency (pages 69-84 & 90-93)

Chapter 4: Measures of Dispersion (pages 95-114 & 119-122: Ignore Section 4.7 pages 105-107)

Graded Deliverables:

Quiz 3; Online Discussion III

Project 1 handed out

	MODULE 2: Inferential Statistics
	UNIT 4
	Readings: 

Chapter 5: The Normal Curve (pages 123-139)

Chapter 6: Introduction to Inferential Statistics: Sampling and the Sampling Distribution (pages 147-162)

Chapter 7: Estimation Procedures (pages 165-185 & 189-190)

Graded Deliverables:

Quiz 4; Online Discussion IV

	
	UNIT 5


	Readings: 

Chapter 8: Hypothesis Testing I: The One-Sample Case (pages 191-218)

Chapter 9: Hypothesis Testing II: The Two-Sample Case (pages 223-242 & 246-249)

Graded Deliverables:

Quiz 5; Online Discussion V




Appendix A: Sample Course Outline (continued)

	Modules & Units
	Topic

	MODULE 2 (contd)
	UNIT 6
	Readings: 

Chapter 10: Hypothesis Testing III: The Analysis of Variance (pages 250-270 & 275-279: Ignore Section 10.4 pages 255-257)

Chapter 11: Hypothesis Testing IV: Chi Square (pages 280-302 & 307-311)

Graded Deliverables:

Quiz 6; Online Discussion VI

Midterm Project handed out

	MODULE 3: 

Measures of Association
	UNIT 7
	Readings: 

Chapter 12: Bivariate Association: Introduction and Basic Concepts (pages 315-330 & 335-339)

Chapter 13: Association between Variables Measured at the Nominal Level (pages 340-353 & 357-360)

Graded Deliverables:

Quiz 7: Online Discussion VII

	
	UNIT 8
	Readings: 

Chapter 14: Association between Variables Measured at the Ordinal Level (pages 361-383 & 388-392)

Chapter 15: Association between Variables Measured at the Interval-Ratio Level (pages 393-417 & 421-424)

Graded Deliverables:

Quiz 8; Online Discussion VIII

Project 2 handed out

	MODULE 4:

Multivariate Techniques
	UNIT 9
	Readings: 

Chapter 16: Elaborating Bivariate Tables (pages 429-452 & 458-460)

Graded Deliverables:

Quiz 9; Online Discussion IX

	
	UNIT 10
	Readings: 

Chapter 17: Partial Correlation and Multiple Regression and Correlation (pages 461-483 & 487-490)

Graded Deliverables:

Quiz 10; Online Discussion X

Project 3 handed out

	Final Week
	Final Project


Appendix B: Study Plan

1. Each week long unit begins and ends on Saturday midnight.

2. Over the weekend (Sunday), students are expected to begin the next unit by perusing the assigned reading for that unit from the Healey textbook.

3. Students read the PowerPoint slides for each unit available online in the Course Documents folder and read the posts of other students to the discussion board. 

4. Students participate in the online discussion for that week by posting their own analysis of the GSS database using SPSS for other students to read and comment upon. 

5. (Optional) Students prepare for the online quiz by going to the textbook website and taking the practice quiz for the chapter (s) that corresponds to that unit.

6. Students then take the graded online quiz for that unit available on Blackboard. The quiz is timed to end in 10 minutes and is automatically graded by Blackboard with the score assigned to the student's grade book.

7. Based on the feedback received from the discussion board, students assess their understanding of the concepts covered in that unit and then begin work on their research projects, and if due by the end of that week, post them to their online folder (drop box) in Blackboard.  
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� In response to student feedback and learning-by-doing by the instructor offering the course, some changes (discussed later0 were made in the course design from what was initially offered.


� As an additional benefit, students were able to acquire the student version of SPSS for Windows available bundled with the textbook at a lower rate than if purchased separately.


�  Note: Students were not randomly assigned to these two groups however simple tests of differences in in-class and online students average CGPA before taking MPS 580 were not statistically significant for both terms.


�  Since MPS 580 was the first course in the program to be offered online, the department average predominantly consists of courses taught in the traditional classroom format.


� The low response rate was due to the need to mail these students the course evaluation packet and the non-return of these packets. In the subsequent term, the course evaluation was conducted online via e-mail which lead to a higher response rate.
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