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Abstract

Introduction

A Computer Interactive Multimedia Program for
Learning Enhancement (CIMPLE) program was
developed to enhance learning in an introductory
agronomy course at Iowa State University. CIMPLE
includes learner objectives, digitized tutorial video,
key concepts, practice learning exercises, and self
diagnostic quizzes. The self-assessment components
are for students to quiz themselves over material
presumably after having studied the material.
Several students however started with the learning
assessment programs, to test their initial level of
understanding of material before studying, a process
coined “reverse learning.” To assess the concept of
reverse learning, students were divided into one of
three learning strategies: 1) students used the
textbook, did not use CIMPLE and then took graded
quizzes; 2) students used CIMPLE and the textbook
and then took the graded quizzes;
and 3) students first did the non-
graded se l f -assessments on
CIMPLE, then used CIMPLE and
the text, and then took the graded
quizzes (reverse learning). There
was no significant grade difference
across the three learning strategies.
Grade performance was not influ-
enced by learning style regardless of
learning strategy. Students with
different learning styles within a
learning strategy had similar grade
performance. While our results do
not show that reverse learning is
statistically better than the other
learning strategies we tested, they
do show that students using that
strategy learn, on average, as well
students using more traditional
strategies.

At Iowa State University, the
introductory course, Principles in
Agronomy, serves as a foundation

course in sustainable crop production to undergradu-
ate students in several majors, including Agronomy,
Horticulture, Animal Science, Ag Business, and Ag
Education. Generally 300 students annually enroll in
the three-credit Agronomy course (Agron 114). The
primary focus of the course is to introduce material
that will help students understand the science and
strategies underlying crop-based agriculture and soil
management. Consequently, the course covers a
variety of subjects including; plant anatomy, plant
classification and identification, physiology, climate,
soil and soil water, tillage, plant breeding, seed/grain
quality, weed, insect and disease management, and
crop harvesting and storage.

Historically, the learning activities that have
been used in Agron 114 included greenhouse experi-
ments, a weekly discussion, and visual and hands-on
lab displays. We recently completed the development
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of an interactive computer program,
t h e C o m p u t e r I n t e r a c t i v e
Multimedia Program for Learning
Enhancement (CIMPLE), to
provide students computer-based
learning programs to supplement
students' lab experiences as listed
above. The CIMPLE program is
comprised of seven components (see
Table 1).

While much attention has been
placed on Web-based instruction,
the use of computer-based tutorial
systems has also been shown to
effectively help students learn in a
natural resource related course
(Seiler, et al., 2002). Students use
different learning styles in their
learning process (Kolb, 1981, 1984). It is not known
whether students who prefer specific learning styles
benefit, or are hindered, by computer-based learning
systems, or whether there is a preferred sequence of
using computer program components.

The concept of reverse learning was coined
during the initial use of CIMPLE when we recognized
that students used the computer program compo-
nents differently than we had anticipated. The self-
assessment component of the computer program was
developed so that students could quiz themselves
over course material, presumably after they had
studied the material through formal means (i.e.
reading text, attending lectures, using computer
aided instructional units). On several occasions,
however we observed some students started first with
the learning assessment programs, presumably to
test their initial logic and level of understanding of
material. During the first two semesters CIMPLE
was integrated into the course, we observed students
and received feedback from students, both of which
revealed that several students preferred to use
learning assessment components as the initial
starting point of study. Students compared this
phenomenon with receiving or purchasing an item
that requires assembling; many people test their logic
with trial and error to assemble the object and only as
a last resort will consult the directions to complete
the task. We termed this concept as
vocalized by students, 'reverse
learning' because students were
bypassing formal teaching material
and using quizzing programs to
learn.

Meta-analytic research shows
that computer-based instruction
increases student test scores and
positive attitudes toward technol-
ogy and teaching (Kulik and Kulik,
1991). Other meta-analytic research
shows positive effect-sizes for
learning outcomes associated with

the use of technology in learning compared to
traditional instruction (Bangert-Drowns, et al., 1985;
Khalili and Sashaani, 1994; Liao and Bright, 1991;
Ryan, 1991). Theoretically, Mayer (2000) argues that
it is important to understand the effects upon
learning that integrating technology into a learning
environment may cause.

We suspected that the use of reverse learning
we observed in students stemmed from the advan-
tages of older concepts in the literature such as
student centered learning, active learning, explor-
atory learning and others. However, these traditional
approaches may not have embraced making mistakes
as an integral part of the learning process. Reverse
learning allows students to make mistakes, removing
the fear of failure, or in other words, embraces trial
and error as an integral part of learning. We often
teach to avoid mistakes when maybe we should
encourage students to use assessment tools as a
means to help them understand what they need to
learn to understand the material. This concept of
reverse learning embraces techniques that present
material with tools that allow students to access
course material to be learned and to repeatedly make
mistakes while learning the material. Reverse
learning may also offer greater challenges to the
individual learner because they can initiate and
continue the learning process by constantly testing
their own knowledge and logic of subject matter as it
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is presented. Traditional structured methods of
reading and presenting information with the
assumption that understanding will follow and
quizzing will verify learning, removes the challenge
from the individual learner and contributes to
learner boredom of subject matter during the actual
process of learning.

The objective of this research was to investigate a
concept of reverse learning as an effective pedagogi-
cal method of formal teaching in an introductory
agronomy course, 'Principles of Agronomy' (Agron
114) at Iowa State University.

To assess the concept of reverse learning as an
effective pedagogical method of formal teaching, we
used a modified three group posttest- design. Based
on information gathered during the initial use of
CIMPLE, we determined that students employ one of
three strategies of engaging the course content and
computer-aided learning tools: 1) students used the
textbook, did not use CIMPLE and then took graded
quizzes; 2) students used CIMPLE and the textbook
and then took the graded quizzes; and 3) students
first did the non-graded self-assessment quizzes on
CIMPLE, then used CIMPLE and the text to learn
material, and then took the graded quizzes (reverse
learning) (see Figure 1). Students using the first two
strategies followed the traditional learning style of
exposing themselves to content then performing an

assessment. Students in the third
category engaged in a process of
what we called 'reverse learning.'
There were three sections of stu-
dents in Agronomy 114. We assigned
all the students in section 1 to
strategy 1, all the students in section
2 to strategy 2, and all of the stu-
dents in section 3 to strategy 3
(Figure 1).

During the first week of the
course, students completed an on-
line Kolb's Learning Style Inventory

to identify their learning
style (Table 2). We
measured the efficacy of
"reverse learning" by
c o m p a r i n g s t u d e n t
learning outcomes, as
measured by individual

online assessments and final course grades, across
the three groups. We assessed differences in grades
across the different learning strategies used and
among the sets of preferred learning styles.

This study sought answers to the following
research questions:

1. Do students who use “reverse learning” in a
computer-assisted learning environment learn more
(as measured by course grades) than students who do
not use “reverse learning?”

2. Within a computer-assisted learning envi-
ronment, do students of particular learning styles
learn more (as measured by course grades) than other
students?

To answer question one, we calculated the
numeric equivalent of students' course grades (e.g., A
= 4.0, B = 3.0, etc.). Students could earn a grade of
“C” by passing all quizzes but not taking exams. At
the weekly total quiz score level, there was no
significant grade difference across the three learning
strategy conditions: (F [2, 85] = 0.763, p = 0.470;
Tables 3, 4, and 5). Post hoc t-tests also showed no
significant differences between the groups, and
therefore we can conclude that none of the learning
strategies resulted in more learning than did any of
the other learning strategies based on weekly quiz
scores.

Students who took all three
exams in addition to the quizzes had
those exam scores factored into their
course grades. An analysis of
variance showed that there were no
significant differences between
student's grades among the three
learning strategies (F [2, 85] =
1.808, p = 0.170; Table 6).

Our analysis of learning perfor-
mance across preferred learning

Methodology

Results and Discussion
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styles showed that grade performance was not
influenced by learning style regardless of learning
strategies (F [4, 77] =0.150, p =0.962), nor was their
learning performance using the recalculated grades
(F [4, 77] =0.469, p =0.759; Table 7). Student with
different learning styles within a learning strategy
did not significantly differ in their grade performance
(F [14, 67] = 1.105, p = 0.370).

The supremacy of reverse learning compared to
more traditional ways of learning was not supported
statistically in this study based on our method of
course grading. However, the results do show that
students using the computer-aided reverse learning
strategy do learn, on average, as well as students
using more traditional strategies. That finding is in
keeping with other research showing the students in
a hypermedia (computer-aided) learning environ-
ment learn as well as in traditional environments
(Howard et al., 2004; Yildirim et al., 2001).

The large amount of unexplained variance within
the learning strategy groups in our study suggests
factors exist that may help explain when or for whom
reverse learning may be most beneficial. Previous
research with the CIMPLE program shows that high
levels of motivation to use the self-assessment, video
tutorial, and applied environmental / ethical issues
portions of the program is significantly, positively
correlated to high grades in the course (McAndrews
et al., 2005). Yet motivation may be driven by a more
basic underlying factor. Song (2002) argues that
students need complex learning skills to manage
learning environments, including computer-aided
environments, especially environments in which
students are in control of the learning. Possibly the

newness of the CIMPLE program,
whether used in part or in whole,
was sufficient to mask the differen-
tial gains in learning that could
result if students were adept at
using the system throughout.
Specifically training students in
CIMPLE before allowing them to
use it would help us test that
proposition.

Finally, the calculation of final
grades in this course is rather
complex and allows students to
“settle” for a grade of “C” without
necessarily distinguishing if that
student knows more than the “C”
grade represents. We believe that if
we used a more traditional,
nonflexible grading method that
assigned A through F grades strictly
on exam and quiz performance, we
would have a better measure of
learning and we may find that
reverse learning is a significantly
better strategy than more tradi-

tional learning strategies for some students. The
option of using reverse learning may be more impor-
tant for the self-learning process for some students
than a final grade demonstrates.

Summary
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