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Abstract

Undergraduate students often leave statistics courses not fully understanding how to
apply statistical concepts. In order to enhance student learning and improve the
understanding and application of statistical concepts, an elementary statistics course was
transformed from a lecture-based course into one that integrates technology with active
and collaborative learning methods. The effect of these changes was evaluated using a
combination of pre- and post-content knowledge tests. The overall results of these
changes showed that student performance on the content test was higher in the
redesigned classes compared to the traditional course.

Statistics is predominantly viewed by students as a course filled with abstract
concepts and memorization of facts and formulas. Traditionally, it has been taught using
lectures where conceptual information is transmitted to students in a large lecture hall
with little or no opportunity for discussion of those concepts. Faculty members in these
types of courses are commonly referred to as the “sage on the stage” and students
typically sit passively in their seats and take notes. While this could be considered an
efficient method of teaching to a large number of students (Schaeffer et al., 2001), it does
little to enhance student learning (Boyer Commission, 1998). As a result, students often
leave the course still not fully understanding how to apply statistical concepts in both life
and in subsequent courses where an introductory statistics course is a prerequisite
(Bonsangue, 1994). In this paper, we will describe the transformation of elementary
statistics (Stat 200) at the University Park campus of Pennsylvania State University, from
a lecture-based course similar to the one described above into a course that effectively
integrates technology with active and collaborative learning methods.

The Traditional Course

Elementary Statistics in its traditional form was a lecture-based course taught in
the fall, spring, and summer semesters to approximately 2,200 students annually. During
the fall and spring semesters, each of the four lecture sections enrolled 240 students who
were taught by full-time faculty. Twelve graduate teaching assistants each taught two
recitation sections' per week that had an average enrollment of 40 students. In the
traditional model, each lecture section met three times per week and each recitation



section met twice a week. The students enrolled in the course were predominantly
freshmen and sophomores from the fields of education, communications, health and
human development, and the liberal arts. These students were required to take the course
as part of their major. Additionally, since the course fulfills a general education
requirement at Penn State, other students at the university who needed credits in
quantification also took it.

Faculty members teaching Stat 200 often complained that due to the large class
size there was little opportunity for student-to-faculty or student-to-student interaction.
As a result, students rarely applied course principles and concepts in a meaningful way
(Cross, 1987; Chickering & Gamson, 1987). The only opportunity for interaction took
place in the recitation meetings and when these interactions occurred, they were minimal
at best. In these recitation meetings, teaching assistants would primarily review
homework problems and administer quizzes. While this traditional course delivery model
seemed to work because of the learning style of a few of the students, the majority of the
students finished the course with only a cursory understanding of the basic statistical
concepts (Miller, Groccia, & Wilkes, 1996).

The Redesigned Course

In 1998, the faculty members who taught Stat 200 approached Penn State’s
Schreyer Institute for Innovation in Learning and the Center for Academic Computing in
search of ways to improve student learning in the course. Specifically, they were looking
to find a way to solve five specific academic problems:

1. The traditional format did not address the broad range of quantitative skills
possessed by students in the course.

2. The original course format did not provide students with opportunities for
hands-on experience analyzing and collecting data.

3. It was difficult to find qualified graduate teaching assistants to teach the
recitation sections since most of the graduate students in the department had
undergraduate degrees in other scientific disciplines.

4. The course did not provide opportunities for individual tutoring of students
since office hour availability was limited.

5. The current course structure allowed little opportunity for interactions between
students and faculty.

After several consultations between instructional designers and the faculty
members, it became clear that in order to solve these perceived problems a solution was
needed that would not only restructure the way the course was taught, but also
incorporate alternative teaching and learning methods.

In the spring of 1999, the first author of this paper proposed a new delivery model
for the course. The goals for the redesigned course were to increase students’ ability to
understand and apply basic concepts of statistics, to actively participate in data analysis
and design, to critically evaluate reports containing statistical analyses of surveys and
experiments, to actively engage with course materials and other students, and to provide
more opportunity for one-to-one interaction with faculty. The new model not only



addressed these goals, but also capitalized on available technology as a means of giving
students the opportunity to apply statistical concepts (Chrisman & Harvey, 1998). The
redesigned model was proposed to and ultimately received implementation support from
the Center for Academic Transformation’s Learning and Technology Program, sponsored
by the Pew Charitable Trusts.

The new model allows for a more student-centered rather than instructor-centered
classroom. Students spend one session per week in a large group meeting (lecture with an
enrollment of 240 students) and two sessions in a computer studio lab (enrollment of 40-
60 students). The faculty members in the course each teach all three sessions and a
graduate teaching assistant is present in the computer studio lab classes as well. The large
group meeting time provides the faculty members with the opportunity to provide
students with an overview of the week’s topics. The time in the labs is divided between
assessments of student progress and applications and simulations of statistical concepts.
The organizing center for the new course is a website developed by the Center for
Academic Computing.

The Course Website

The course website serves as the technology gateway for the students in the
course. By simply logging onto the site, students gain access to up-to-date administrative
and assignment information. The site acts as a learning-centered syllabus (Diamond,
1998) by providing information and links to the web-based textbook, datasets, study
guides, online quizzes, and additional resources. At the beginning of each week, students
log on to the website and receive their weekly assignments which include readings and
assignments (Figure 1). Students are responsible for completing any required readings
before attending their large group meeting.
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Figure 1. Online course syllabus, Penn State Statistics Department, 2001,
https://stat200.stat.psu.edu/about/publicdemo/index.html.

Large Group Meetings

As mentioned above, the large group meeting takes place once a week. The main
purpose of this session is to provide faculty with the opportunity to give an overview of
the concepts covered in the assigned readings and to answer student items. Despite the
large enrollment, these sessions are mostly discussion-based and often include the use of
short activities to further illustrate difficult concepts.

Computer Studio Labs

In the computer studio labs, students are divided into collaborative learning
groups to enable more student-to-student interaction. In these labs, students are either
assessed on the understanding of the pre-readings and assignments or they spend class
time applying statistical concepts to real-world problems. The method employed to assess
student preparedness and understanding of conceptual information is Readiness
Assessment Tests (Michaelson, Black, & Fink, 1996). Students are expected to prepare
outside of class by completing readings and homework assignments. Upon entering the



lab session students individually take a Readiness Assessment Test (RAT). Immediately
following the individual test, the students retake the test in their groups. The grades on
the test are weighted with two thirds of the final grade taken from the individual score
and one third of the final grade taken from the group score. The purpose of the RATs is
to provide valuable formative feedback to both the students and the faculty member.
Analysis of student answers can help faculty target their lectures and course assignments
to clarify misconceptions and give additional practice.

As mentioned previously, the other function of the computer studio labs is to
provide students with the opportunity to work on collaborative activities that enable them
to apply statistical concepts to real-world problems. These activities (Figure 2) make use
of either real-time data collected through the administration of surveys in the course or
through pre-designed activities that make use of existing datasets (Figure 3).

Activity #009: Moneybags

You are presented two bags that contain paper money (bills of varying denominations). Both bags contain 20 bills.
The composition of each of the two bags--A and B-- is as follows:

Bag gy o " | $1)$2 |85 $10|$20|$50
A

CountofBills | 9 |6 |2 | 1 1 1

Bag |0 "O" (815295310920 $50
B

CountofBils |1 [1 |14 |6 |7

Problem: Cne bill will be randomly picked from one of the bags. The identity of the bag is unknown to the person who
draws. The person drawing the bill will receive $100 if he or she correctly identifies the bag from which it was picked:
otherwise, receives nothing. The problem is to devise a strategy for guessing the bag.

First, let's rearrange the format of the denominations and counts for the two bags, as follows:

Bag A BagB
Denomination |Count |Proportion |Count [Proportion
$1 9 45 1 05
$2 5] 30 1 05
$5 2 10 1 05
$10 1 05 4 20
$20 1 05 6 30
[ %50 [ v o5 [ 71 35

Figure 2. Sample activity, Penn State Statistics Department, 2001,
https://stat200.stat.psu.edu/eternal/activities/009/Act009-rho.html.

While students are at work on these activities, faculty members and teaching
assistants will interact with the groups and answer specific items. If it appears that a
majority of the class is having trouble applying a particular statistical concept, the faculty
member will stop the entire class and conduct a mini-lesson to clarify student
misconceptions.



Datasets Listing

This is listed in reverse chronological order from the most recent week to the first week.

Week 4
1. Data for Activity 12 Survey 1

Week 3

Mo ltems Found

Week 2
1. Data for Activity 10 Suvey 1

Week 1

1. Data for Activity 1 Survey |

Figure 3. Links to existing datasets, Penn State Statistics Department, 2001,
https://stat200.stat.psu.edu/about/publicdemo/datasets.html.

Benefits of the Model

The new model capitalizes on the research showing the positive effects of active
and collaborative learning strategies on student learning (Brandon & Hollingshead, 1999;
Bonwell, 1996). Various active and collaborative learning methods have been shown to
increase student mastery of material and their ability to transfer and apply new
knowledge (Felder & Brent, 1996; Haller, Gallagher, Weldon, & Felder, 2000; Springer,
Stanne, & Donovan, 1999). By restructuring the class to allow for increased interaction
between students and faculty and to give students the opportunity to become engaged in
real-world problems and situations, it was hoped that the amount of student learning
would increase. What follows is an explanation of the methods used to evaluate the
project and the findings of the study.

Methods
In order to assess the impact of the new delivery model on student learning, an

18-item multiple choice pre- and post-content knowledge test was developed. The
purpose of this test was to measure changes in student mastery of elementary statistical



concepts. The test was administered in Stat 200 at the beginning and end of each semester
that the project was funded as part of the Pew Grant. During the pilot semester (spring
2000), one instructor taught the pilot section and a different instructor taught the two
traditional sections. The fourth section of the course was not included during the pilot
semester because the instructor teaching that section was using a textbook that was
different from the text that had been adopted for the course. The study utilized a quasi-
experimental design since it was not possible for the researchers to randomly assign
students to the pilot and traditional sections of the course. Cook and Campbell (1979)
describe this method using untreated control group designs with a pretest and posttest as
both interpretable and appropriate to use when atraditional pre- and posttest control
group design is not possible (Cook & Campbell, 1979, p. 103). The primary reason for
the pretest was to examine differences in statistical knowledge between groups at entry
into the class. Additionally, the pretest served as a baseline measure to examine changes
in statistical knowledge from entry into the class to exit from the class as well asto allow
for comparisons to be made during the full implementation semesters (fall 2000 and
spring 2001). No significant differences in statistical knowledge were found between
groups at entry during the pilot semester suggesting that the groups approached
equivalency. While potential threats to internal validity, including sel ection-maturation,
instrumentation, differential statistical regression, and history can occur with the use of
an untreated control group design (Cook & Campbell, 1979, pp. 103-105), the finding
that the groups did not differ significantly in statistical ability at entry minimized all
internal validity threats with the exception of history. Some of these history threats were
minimized since the pilot phase of the study was conducted in a single semester and the
administration of the pretest and posttest occurred at common times during the semester
for both groups.

Results
Pre- and Post-Content Knowledge Test: Pilot Semester
In order to assess the potential impact of the redesign on student learning in Stat

200 and to establish a baseline for further study, a content knowledge test (Figure 4) was
administered at the beginning and end of the spring 2000 semester (pilot semester).



Content area: Hypotheses testing/interpretation of results/ p-value and use of
p robability

& canchdate munring for Congress clanns that 64% of adults m the U, 5. favor a tax cut. Her
opponent says this 15 much oo lugle-it 15 defmutely less. To see of thus clamm has merdt, a
rancbrn sampe of 400 adults 13 polkd and 46% report favorng a tax cut. The probability of
obtarung that percentage found or an evenlower one ture out to be 032, or a 3.2%% chance,
if one caleulates this probability assuning the clamm 15 true. If we testa hypothesis about the
canchdate’s clarn with a 05 sigmficance level, based on the outcome of the polhing, we
should:

a Drawno corclusions and get abigger sample

b, Conclude that the percertage of adulk favoring a fx cutis between 60.8%, and

67.2%.
c. Reject the cancidate’s claim
d Notrejectthe canchidate’s clamn

Content area: Percentiles and variab ility (range, standard deviation)

Whach of the folbwing statishes 13 nota measure of varmbility?
a Range
b, Stancard deviation
¢ Interquartle range
tl  Percentile

Content area: Populition versus Sample data

& resemrcher wishes fo deterrnne the proporton of adults (people 18 or older) m the U5,
who have stooked marquana at least once. She randbrnly obtans a sinpe random sampe of
400 aduls and determunes the poporbon amorg the 400 who say they have smoked
marquana at least once. The result: 258 say they have.

The populabon of mterest to the researcheris:
a  The 400 people mn her shudy.
b. Allpeople mn the .5 whoare 15 orolder.
c. Allacdults mthe 7.5, who have smoked manuana atleastonce
il The 256 people arong the 400 asked who say ey have smolked marquana at least
OICE.

Figure 4. Sample content knowledge test items.

Students in three sections took the pretest and posttest; two sections were taught in the
traditional three-lecture, two-recitation format (n = 340) and the other section was taught
using the new delivery model of one lecture and two computer studio labs (n = 140). The



performance in both the pilot and traditional sections of the course improved from pretest
to posttest. Using analysis of variance, this improvement in performance from pretest to
posttest was found to be statistically significant for both the pilot and traditional sections.
Specifically, in the pilot section students had 51% correct at pretest while their scores
improved to 66% at posttest (F[1, 319] = 76.34, p = 0.001). In the traditional sections
students had 51% correct at pretest while at posttest they had 60% correct (F[1, 603] =
61.71, p=0.001). It is important to note that there was no significant difference between
the two groups at the time of the pretest as results indicated that both groups had
approximately equal levels of pre-existing statistical knowledge. Even though this
equivalence existed on the pretest, the pilot section outperformed the traditional section
on the posttest measure (66% correct in the pilot class, 60% correct in the traditional
class). This difference in posttest performance between the pilot and traditional sections
was found to be statistically significant, F(1,478) = 13.56, p <.001, with a small effect
size (f=.176).

A multivariate analysis of variance was used to analyze differences between
student performance in the traditional class and the pilot class in the posttest measure.
When comparing average scores on the posttest, students in the pilot section
outperformed students in the traditional section on 16 of the 18 items. Four items have
been identified where the pilot classes outperformed the traditional section with an
average score difference between 5%—10% (Table 1). However, these differences were
not statistically significant. When analyzing the specific content areas on the test, the
pilot section appears to have a larger portion of students who answered items correctly on
interpreting results and proportions, as well as understanding concepts such as median,
percentiles, confidence intervals and margin of error.

Table 1
Items with 5—10% Difference in Performance between the Traditional Class and the
Pilot Section of Spring 2000

Item # | Concept % Correct % Correct
Traditional Pilot Class
Class (n =340) | (n = 140)
Spring 2000 Spring 2000

1. | Median 75.9 81.4
2. | Percentiles 85.8 90.7
7. | Interpreting Results/Proportions 86.8 91.4
8. | Confidence Intervals/margin of Error 534 61.9

Areas where the pilot section outperformed the traditional section with an average
score difference greater than 10% included items assessing students’ ability to distinguish
population versus sample data, interpret percentile and variability statistics as well as
understand concepts such as mean, median, mode and the normal distribution (Table 2).

Table 2



Items with More than 10% Difference in Performance between the Traditional Class
and the Pilot Section of Spring 2000

Item # | Content % Correct % Correct
Traditional Pilot Class
Class (n =340) | (n = 140)
Spring 2000 Spring 2000
6. | Population versus sample 38.9%** 61.4%**
Percentiles/variability (range,

skksk skksk
14. standard deviation) 62.5 82.1
Distributions/Mean/Median/ . sk
16. Mode/Histogram 18.2 33.1
17. | Mean/Trimmed mean/Median 50.8%* 63.3*

*p <.05. ¥**p <.001

Additionally, one item was identified where the traditional class outperformed the
pilot section with a difference of more than 5%. The traditional class had a larger
proportion of students answer correctly the item assessing students’ ability to read as well
as utilize information from statistical tables. While 93% of the students in the traditional
class answered this item correctly, only 85% of the students from the pilot class did. This
difference was statistically significant, p <.01.

Pre- and Post-Content Test: Full | mplementation

Even though the results from the pilot semester of the project indicated only a
small but statistically significant increase in performance between the pilot section and
the traditional, the decision was made to drop the traditional section beginning in fall
2000 and the new delivery methods were implemented across all sections of the course.
This decision was based on the fact that the new delivery method did not have a negative
impact on student learning of statistical concepts, it provided students with more
opportunities for hands-on experience analyzing and collecting data, and it allowed for
more opportunity for interactions between students and faculty. The same instructors as
the pilot semester taught three of the sections in fall 2000 and spring 2001 and one
additional instructor taught the remaining section of the course. Pretest and posttest
results from the full implementation semesters (fall 2000 and spring 2001) were
compared with the results from the spring 2000 traditional section. The purpose of the
evaluations during fall 2000 and spring 2001 were to assess whether the learning gains
achieved during the pilot semester would continue over subsequent semesters. If the
result proved to be consistent then that would support the proposition that the results of
the initial experiment could be generalized over time to future populations of students in
Stat 200.

In fall 2000, all four sections of Stat 200 were taught using the new delivery
model (7 = 681). Students in all four sections of the class took the content knowledge
pretest and posttest with performance in all sections improving from pretest to posttest.
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Using analysis of variance procedures, this improvement in performance from pretest to
posttest was found to be statistically significant, F(1, 1564) =297.50, p = 0.001. On the
pretest students answered 55% of the items correctly with posttest scores increasing by
more than 10%, to 68%. Spring 2001 results showed a similar increase from pretest to
posttest. This increase in performance was found to be statistically significant, F(1,1763)
=173.50, p = 0.001. While on the pretest students answered 58% of the items correctly,
the average score on the posttest was 68%.

When comparing the performance of students in the redesigned classes of fall
2000 and spring 2001 to those in the traditional class (spring 2000), the redesigned class
outperformed the traditional class on overall posttest performance (68% correct in the
redesigned classes, 60% correct in the traditional class). This difference in posttest
performance was found to be statistically significant, F(1,1019) = 56.06, p <.001 for fall
2000 and F(1,1114) =57.69, p <.001 for spring 2001. The effect size for each of these
posttest performance differences was = .223.

A multivariate analysis of variance was used to analyze differences between
student performance in the traditional and the redesigned classes in the posttest measure.
When comparing average scores on specific items on the posttest, students in the both the
redesigned class of fall 2000 and the redesigned class of spring 2001 performed at or
above the level of the students in the traditional class (spring 2000) on each of the 18
items. Two items were identified where one or both of the redesigned classes
outperformed the traditional section with a difference of between 5%—10% (Table 3).
These differences were statistically significant, p <.001. The redesigned sections had a
large portion of students who answered items correctly on the application of percentiles
aswell as understanding the concept of margin of error and problems addressing the use
of opinion palls.

Table 3
Items with 5-10% Difference in Performance between the Redesigned Classes of Fall
2000 and Spring 2001 and the Traditional Class of Spring 2000

Item # | Concept % Correct % Correct % Correct
Traditional Redesigned | Redesigned
Class Class Class
(n =340) (n=0681) (n="1776)
Spring 2000 | Fall 2000 Spring 2001
2. | Percentiles 85.8*#* 92,1 #** 94.6%**
5. | Opinion polls/Margin of error 82.67%** (81.4)%** 89, 9%#*
*%%p < 001

There were eight areas where the redesigned class showed more than a 10%
increase in performance compared to the traditional class. These included items assessing
students’ ability to use population and sample data, construct confidence intervals and
interpret margin of error information, understand the concept of dependent variables and
standard error, reason about percentiles and standard deviations, conduct hypothesis
testing, and interpret statistical results, as well as reason about means, trimmed means




and medians (Table 4). The difference on posttest performance on all eight items was
statistically significant, p<.001.

Table 4

Items with More than 10% Difference in Performance between the Redesigned Classes

of Fall 2000 and Spring 2001 and the Traditional Class of Spring 2000

Item # | Content % Correct % Correct % Correct
Traditional | Redesigned | Redesigned
Class Class Class
(n =340) (n=681) (n=776)
Spring 2000 | Fall 2000 Spring 2001
6. | Population versus sample 38.9%** 53.5%** 52 3%k
8. | Confidence intervals/ 53 g 74 4 70,05
Margin of error ) ' )
9. | Sample size/standard error/ 70,9% %5 g8 g Q7 %
Large sample ) ) '

11. | Variables (dependent) 77.0%** 85.8H** 88.5H**
14. | Percentiles/Variability 60 5k 73 gk 75
(range, standard deviation) ' ' '

15. | Hypothesis testing/
Interpreting results/ 45 4% 58 1%** 62.1%**
P-value/use of probability

16. | Distributions/Mean/ ek . sk
Median/Mode/Histogram 18.2 367 322

17. | Mean/Trimmed Mean/ 50 gk 63.6%% 60,65
Median ) ) )

#xp < 001
Discussion

Evaluation results of the new delivery model did produce significant learning
gains across many statistical areas. However, there were some areas where student
performance and content mastery was lower than predicted regardless of the delivery
model used. These areas included the ability to read and interpret information from
tables, reasoning and solving problems involving the normal distribution, and interpreting
data from histograms. Apparently, regardless of the class format these areas seem to be
difficult for the majority of learners. Overall, the pilot and redesigned classes
outperformed the traditional class on the post-content test. Students who took statistics
under the new delivery method demonstrated a greater understanding of a number of
statistical concepts. From these results, it appears that the new mode of instruction allows
students to better learn and master statistical concepts covered in an introductory statistics
class.
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Concluding Remarks

The transformation of elementary statistics to enhance student learning has proven
to be a successful example for integrating technology with active and collaborative
learning methods in postsecondary education. The gains in student learning demonstrated
by the new delivery model have had a tremendous impact on the statistics department at
Penn State. Because of the success of this project, two additional introductory statistics
courses are currently undergoing similar revisions. It is hoped that a replication of this
study on those classes will show similar gains in student learning.

Notes

'Classes containing a subset of students from a large lecture section.
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