1. OBJECTIVES AND THEORETICAL FRAMEWORK

Online quizzes are a way of efficiently providing the potential benefits of in class for-
mative assessment, but in an easier to administer and score environment. Online
quizzing also allows students to study and learn using the mastery approach pro-
posed by Bloom (1968; 1976). By allowing students to take quizzes, study, retake
quizzes, study again and so on, students may benefit from some of the learning
gains shown in mastery learning programs (Kulik, Kulik, & Bangert-Drowns, 1990).

Studying and learning by quizzing has also been shown to be more beneficial to stu-
dents than studying material in a more passive way. Many students study in a very
passive way—they highlight their books, or read over class notes. Research sug-
gests that passive studying techniques may be less effective than practicing what
you will ultimately need to do to show you have learned something. And that Is to
retrieve the information in a more authentic situation (Karpicke & Blunt, 2011).

The goals of many online practice questions or quizzes are to encourage and en-
hance preparation for class meetings, to provide teachers and students with infor-
mation on content mastery, and to increase scores on summative exams. In addi-
tion, online quizzing tools can provide instructors access to data on student usage
patterns (frequency and number of questions answered, for example). Online as-
sessment tools have been used and studied with an eye to determining how they
can best be utilized in out of class environments. Researchers have investigated
levels of student usage and also ways to encourage usage of these tools when
available to students.

Just having these tests available, however, does not mean that students will use
them. Several studies have indicated that when offered voluntary use of online quiz-
zes and practice questions, some students, but not all will participate. Participation
rates from between 40-and 52% have been reported when online quizzes were
simply made available to students (Grabe & Sigler, 2001; Olson & McDonald, 2004;
Kibble, 2007). In these studies, use of the online quizzes did result in an increase In

student performance on the relevant summative class exams (Grabe & Sigler, 2001;
Olson & McDonald, 2004; Kibble, 2007).

Clearly, students access to use online quizzing tools is not motivating for everyone.
Not all students take advantage of these tools or see the potential benefits of use
(Brothen, Daniel & Finley, 2004). Some have suggested that a course requirement,
or an incentive such as extra credit for participating in online quiz-taking may be
necessary to encourage more students to become familiar with and begin to use
these tools.

Kibble (2007) found that offering small amounts of course credit and introducing
performance criteria to earn credit increased student participation. Indeed, when
two points of course credit were offered for each quiz that was passed, 98% of stu-
dents participated. Another study looked at ways to increase completion of before-
class reading assignments. Credit (6% of the course grade) was given for taking
weekly quizzes based on reading material. Increasing numbers of completed quizzes

predicted higher course grades and also exam performance (Johnson & Kiviniemi,
2009).

Brothen & Wambach (2001) investigated the use of online quizzes which were part
of the course grade. Students had to achieve a certain score (8/10 or higher) to
have the score count towards the grade. They concluded that students were not
using the online quizzes in the way in which they were intended and that perhaps
students were spending time looking up correct answers rather than answering
from their existing knowledge and using the results to determine where there were
gaps In their understanding.

Most of the extant research on online quizzing recognizes both the potential benefits
to student learning and the possibilities for students to try and “game” the system in
order to get the correct answers. If online quizzing tools are to be effective, one must
both try and persuade students to use them in the right way, while also crafting the
tools to encourage usage towards mastery.

Prep-U is an online quizzing tool where students take practice quizzes relating to their
course content. The tool was developed to provide a practice arena for students to
self-test and better master course material. Another goal was to provide both instruc-
tors and students with valuable progress data to be used in a formative way in and
out of the classroom.

Adaptive testing is typically used to administer the most efficient and effective instru-
ment by which to evaluate student mastery. With Prep-U, we use the underlying prin-
ciples behind adaptive testing, but in a quizzing and learning environment. Adaptive
quizzing Is therefore used to not only assess students, but also to increase their mas-
tery in the most efficient way. Students answer questions one at a time and must
commit to their responses and submit them before seeing the next question. In this
way, students have to really think about the question and to commit to an answer
before moving on to the next question. Moreover, even if student answers a question
correctly one time, they may still see the same or similar question again in a later
quiz. In this way, students keep practicing, and retrieving information and learning is
supported (Roediger & Karpicke, 2006). The effects of self-testing are also thought to
be enhanced by feedback on whether or not answers are correct. Prep-U delivers this
feedback, thus providing students with the opportunity to re-study areas of weakness
and come back and take another quiz.

2. RESEARCH QUESTIONS

The current study looked to determine the usage patterns of students given volun-
tary access to the online biology quizzing program (Prep-U). And most importantly,
to determine If usage was correlated with an increase in performance on both class-
room assessments typically associated with the course (midterms and final exams)
and also on items taken from other standardized measures used in biology.

3. STUDY AND DESIGN SAMPLE

Participants were students registered in an introductory undergraduate majors biol-
ogy course at a major university. Two-hundred students were given the opportunity
to participate in the study and participation was voluntary.

Measures: All students were given a pretest consisting of 20 questions drawn from
the GRE Biology exam, the MCAT, and the California State Standards Biology Test
released items. Two version of the test were created and students took either Test
1 as the pre and posttest with Test 2 as the interim, or vice-versa. Students were
given 25 minutes to complete the pre-test and three extra credit points were
awarded.

Students were randomly assigned into two groups (A and B). Group A (early access
group) consisted of 128 students who had access to Prep-U for weeks 1 to 5, but
not 6 to 10, and group B (late access group) was 126 students who had access to
Prep-U for weeks 6 to 10 but not 1 to 5. Thus, exposure to the online quizzes was
counterbalanced to control for time of exposure and to allow us to make compari-
sons across groups. After five weeks, all students were given an interim test, com-
prised of 20 comparable questions to the pre-test. After ten weeks, all students
were given a 20-item posttest drawn from the same pool of content. See Figure 3.1
below.

FIGURE 3.1 - STUDY DESIGN
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The online quizzing engine used was Prep-U—an adaptive testing engine devel-
oped by the author. Using multiple-choice quizzing, Prep-U measures each stu-
dent's understanding of key biology topics by matching quiz scores against na-
tional results-and then generating follow-up quizzes geared to the student's spe-
cific level and needs. Questions in Prep-U are assigned difficulty levels. These diffi-
culty levels are dependent on actual student data and represent the probability that
a student will answer a question incorrectly. So iIf a question has a difficulty of 20,
you have a 20% chance of answering the question incorrectly.

FIGURE 3.2 - SCREENSHOT OF QUESTION WITH DIFFICULTY LEVEL AND
STUDENT RESPONSE PATTERNS INDICATED
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For each topic Prep-U quickly determines the student's knowledge level and creates a
quiz with questions at just the right difficulty. Prep-U gives the students feedback
about their performance level broken down by topic so they know where to focus
studying. Instructors using Prep-U can access a database of their students' perfor-
mance and identify common misconceptions, strengths, and weaknesses. These data
can be viewed by class or by individual student.

Prep-U also gives students information on Mastery Level which increases as students
take more quizzes and mastery of the course material increases. All students begin at
a Mastery Level 1. Students increase in mastery level as the average difficulty of the
guestions they answer correctly increases.

FIGURE 3.3 - SCREENSHOT OF STRENGTHS AND WEAKNESSES
BY CONTENT AREA
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During their access period, students in each group could take online multiple-choice
quizzes as frequently as they wished. Students chose the length of their practice
quizzes (either 5, 10, or 20 questions). The system then selected a set of questions
based on appropriate question difficulty and the topic they address. At the end of
each quiz, students received a score indicating the percentage correct and also feed-
back as to which questions they answered incorrectly, and the correct answer.
Topics for the quizzes covered the range of topics taught in the course and were
aligned to the chapters in the textbook for the class. Students were also given infor-
mation on their Mastery Level after each quiz.

4. DATA AND RESULTS

Complete data were available for 154 of the 200 students initially enrolled in the
course. Some students dropped the course, or were not present to take one of the
study measures. Along with the pre, interim and posttests included in the study
design, we collected data on student usage of the online quizzing system and the
average mastery level attained.

There were no significant differences on the pretest score between groups A and B
(mean = 61% +- 16%), thus we assumed equivalent groups. During the 10-week
study period, students took an average of 11 quizzes and answered an average of
175 questions.

Students in both group A and group B were divided into high and low usage groups
based on the number of questions they answered in the system during their access
period. The high-usage group was defined as students answering more than 150
questions during their Prep-U access period. There were 41 high usage students in
group A and in 25 in group B.

Results of the interim and posttest measure were analyzed using ANOVA. On the In-
terim and posttests, students in both groups A and B improved. But those using
Prep-U had significantly greater improvement. Specifically, in the first five weeks
the students with no access to Prep-U (but who later were classified as high-usage
students), improved by 3.9 points on the interim test. Students who had access to
Prep-U during the first five weeks and were classified as high-usage students im-
proved by 6.3 points on the interim assessment, see Figure 4.1 below.

Our comparison of students using Prep-U and those not using Prep-U, was not a
comparison of harder-working or more motivated student and those who were less
motivated. When calculating the improvement of the students who did not have

FIGURE 4.1 - INCREASE IN PERFORMANCE ON BIOLOGY EXAM QUESTIONS

BASED ON PREP-U USAGE.
NOTE: THE AFTER COURSE STATISTICS ARE DRAWN FROM THE HIGH-USAGE STUDENTS ONLY.

10
LLl
&
=
<
=
oc
o
L.
oc
LLl
o
60
BEFORE AFTER COURSE
COURSES

access to Prep-U, we only included those students who, when they did have
access to Prep-U (in the subsequent period of the study), answered more than
150 questions. In other words, they were students who demonstrated that they
were motivated to use the system when they had access to it. So the two
groups whose results are presented above were comparable. We did not include
those students who would not have used Prep-U if they had access to it.

Data on the course exams were compared for the high-usage students. When
comparing first midterm score, the mean for high-usage students with early
access (M = 70.54, SD = 11.59) scored significantly higher than high-usage
students who had not yet had access to Prep-U (M = 63.12, SD = 10.12), F (1,
64) = 6.98, p = .01. Final exam scores for the same two groups were com-
pared. Results indicated that the mean score for the high-usage students with
early access (M = 131.27, SD = 17.64) was significantly greater than the late
access high-usage group (M = 116.56, SD = 22.37), F (1, 64) = 8.79, p =
0.004.

5. DISCUSSION

Results of the efficacy study indicated that that students will extensively use online
quizzing tools when given voluntary access Indeed, students in this study took an
average of 11 quizzes and answered an average of 175 questions each.

Performance on a post-test of students using Prep-U was significantly higher than
those students not using Prep-U and positively correlated with the extent of their
usage. Analyses of course outcomes revealed that those students who were ran-
domly placed into the early access group and who were classified as high-usage
participants performed significantly better on course exams when compared to a
comparable group of students given late access to Prep-U. Thus, we see that pro-
viding additional, optional study tools for students helps increase their mastery of
course material—when these tools are used frequently. Students in the early
access group were not granted access to the quizzing engine after the first five
weeks of the course, but the early exposure and use of practice may have moti-
vated them to alter their study habits during the remainder of the course.

Future study will look to identify ways to further encourage students to use online
quizzing tools and to further investigate instructor use of these tools.



