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Abstract—For two upper-level online psychology courses—
Psychology of Sex & Gender and Forensic Psychology—the
instructor used adaptive courseware as the primary digital
learning resource. This courseware was designed to integrate
formative practice with textbook content in a learn-by-doing
method known to generate the doer effect—a learning science
principle shown to have six times the effect on learning than
reading alone. The doer effect research provides confidence in
the efficacy and generalizability of this learning method.
However, it is imperative to investigate the practical
implication of this learning method on student outcomes in
natural learning contexts. How does doing practice while
reading help students’ exam scores? This instructor applied
similar courseware implementation practices to both courses
and was able to create similarly high engagement within the
courseware as well as increased exam scores. These results
show the importance of combining learning science methods
with instructor expertise to provide an optimal learning
environment for students, as well as the ability to replicate
results across semesters and courses.
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1. INTRODUCTION

Online learning has been a focus of higher education for
decades with an increasing number of online courses offered,
as well as entire online degree programs. However, the
COVID-19 pandemic focused attention on the need for
online learning options more than ever before. In the fall of
2020, 75% of all undergraduates (11.8 million) in the United
States had at least one online class and 44% of
undergraduates were exclusively enrolled in distance
education (7 million) [1]. These numbers are especially
impactful compared to those prior to the start of the
pandemic in 2019. Undergraduates enrolled in distance
education was 97% higher than in 2019 while those enrolled
exclusively online rose 186% compared to 2019 [1]. This
dramatic change in learning conditions has sparked
significant conversation on effective teaching and learning
online. Teaching models are not all equally effective [2] and
neither are digital learning resources. In this paper, we
describe online Psychology courses taught at the University
of Central Florida (UCF) to illuminate both the teaching
practices and the learning resources that produced positive
learning outcomes. These examples of successful online
teaching and learning practices are particularly beneficial to
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share given that increased student outcomes were repeated in
multiple semesters and across multiple courses.

Along with various forms of online and distance learning,
there are many types of digital learning resources and
environments. Learning science research has long
investigated how best to learn in digital learning
environments. Researchers at Carnegie Mellon University’s
Open Learning Initiative identified that courseware
environments that combined frequent formative practice with
expository text and media in objective-aligned lessons
helped students learn the same or more information and
retain it for longer than their peers in traditional courses [3].
This combination of formative practice with reading content
became the focus of an area of learn-by-doing research.
Koedinger et al. [4][S] found through correlational
investigation that doing practice while reading had about six
times the effect size on learning than just reading. Calling
this learning by doing method the doer effect, they were also
able to model this relationship to infer causality [5][6]. The
doer effect research was replicated using similar courseware
environments at different universities and found the same
correlational and causal results [7][8][9]. In the field of
education in particular, research on learning methods is all
too often not replicated, and results are cited that could not
be replicated [10]. The replication of the doer effect research
confirms that this learning by doing method is generalizable
across contexts and should be broadly applied.

The doer effect learning science principle proves doing
practice is causal to learning, yet this research does not
indicate the impact it will have to student learning outcomes
in a practical sense (i.e., how much will doing practice
increase exam scores?) [9]. Carvalho et al. [11] expressed the
need to investigate this in natural learning contexts and,
using data from MOOC:s, identified that more doing did lead
to higher quiz and exam scores. Their research also reported
that students often overestimated the benefit of reading and
underestimated that of doing practice. To further understand
how the learn by doing method benefits students on course
outcomes, this approach was applied in a large online
Psychology course at UCF. The instructor found that student
exam scores increased after they were assigned the practice
as an integrated part of their core reading content [12].

In this paper, we extend the prior classroom research by
investigating two different Psychology courses taught by the
same instructor at UCF. The goal of this paper is to identify
if the same learn by doing courseware environment with the
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same implementation practices can produce similar
improved exam scores for two different courses over
multiple semesters.

II.  METHODS

The courseware learning environment employed in these
courses was automatically generated through a process called
SmartStart. The textbook was used as the primary learning
text and natural language processing and machine learning
tools were applied to identify learning objectives in the text,
chunk content into shorter lessons, and generate formative
practice [13]. Two types of practice questions were
generated: matching and fill-in-the-blank. A large-scale
analysis of these questions using student data from natural
learning environments found that they performed as well as
human-authored questions on engagement, difficulty, and
persistence [14]. In addition to these automatically generated
questions, the instructor added human-authored questions as
additional formative practice to the lesson pages, and wrote
adaptive activities for four of the most challenging topics in
the courseware.

The students included in this analysis selected these
courses as part of their coursework in Psychology. The
majority of students were juniors and seniors and taking
these courses as electives in their major. The student
population at UCF consists of a high proportion of first
generation (25%) and transfer students (70%). Both
Psychology of Sex and Gender and Forensic Psychology
were taught as entirely online courses with synchronous
weekly class periods. The instructor used the learning
management system to organize week by week instructions
for students, post reminders, and link the learning resources
for the course. The courseware was also linked in the
learning management system to open to each week’s chapter
of the course.

The application of learning science in the classroom is a
complex task for teaching and learning, as context matters
when considering the needs of students and the most
appropriate method of implementing technology for learning
[15]. In this case, the instructor applied implementation
practices augmented over several semesters that included a
clear introduction of the courseware, frequent reminders in
the learning management system, and assigned points for the
completion of the practice questions. Incentivizing the
practice holds students accountable for using their learning
materials, but also places value on the process of learning,
not just the outcomes. Each course had 20% of the assigned
points for completing a minimum of 85% of the total
formative practice questions. The points were only
dependent on completion—not on first-attempt accuracy—to
maintain the formative nature of the practice.

III. RESULTS

A.  Psychology of Sex & Gender

To see how these courseware implementation practices
impacted students, engagement data from the courseware
platform was combined with student outcome data from the
course exams. The platform engagement data was plotted on
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graphs to provide a visual of how many students read and did
practice on each page of the courseware. An engagement
graph for the initial semester (2020) for Psychology of Sex
and Gender is shown for comparison, as it had 2% points
assigned for practice and shows a more typical student
engagement and overall attrition [12]. In this example
(Figure 1), the vertical space between the blue reading dots
and red practice dots indicates that some students were
reading and not doing any practice on those pages. This
vertical space is called the reading-doing gap. Figure 1 also
shows a very typical trend for overall engagement—attrition
both within chapters and over the entire course.
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Figure 1. 2020 Psychology of Sex & Gender engagement.

The following two semesters of the Psychology of Sex
and Gender course (Figure 2 and 3) had 20% of the grade
assigned for completing 85% of the formative practice. By
comparison, both of these graphs have no visible reading-
doing gap, and there is very little attrition during the course.
Compared to Figure 1, these two engagement graphs show a
dramatically improved student engagement pattern in the
courseware.
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Figure 2. 2021 Psychology of Sex & Gender engagement.
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Figure 3. 2022 Psychology of Sex & Gender engagement.

Data from the three course exams is included in Table 1
to compare across several years. The exam data from 2019
was included as a comparison as this was a semester that
used the same digital textbook without the learning by doing
method. The spring 2020 semester was the first semester
with courseware and the 2% for practice, and spring 2021
and 2022 had the 20% for practice. The mean exam scores
increased between 5 and 10 points the first semester using
courseware (2020) and increased again another 7 to 10 points
in 2021 for exams 1 and 2. The mean exam scores for 2021
and 2022 remained close, showing a consistency in outcomes
for each of these semesters.

TABLE L. EXAM SCORES FROM PSYCHOLOGY OF SEX AND GENDER
ACROSS FOUR YEARS.
Exam 1 Exam 2 Exam 3
Fall Mean Score 59% 66% T1%
2019 Score Range 39-101% 12-104% 19-103%
n Students 64 66 66
Spring Mean Score 70% 68% 84%
2020 Score Range 23-98% 24-104% 39-104%
n Students 98 86 71
Spring Mean Score 77% 78% 79%
2021 Score Range 43-102% 42-102% 42-99%
n Students 106 105 104
Spring Mean Score 75% 78% 80%
2022 Score Range 30-104% 39-104% 15-104%
n Students 130 130 127

B.  Forensic Psychology

course. It is also notable that while all courses presented here
are large sections, the 2021 Forensic Psychology course had
more than 250 students and still maintained consistent

engagement.
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Figure 4. 2021 Forensic Psychology engagement.
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Figure 5. 2022 Forensic Psychology engagement.

The Forensic Psychology spring 2021 and 2022 mean
exam scores are within a few points of each other and are
within a similar range as Psychology of Sex and Gender.
While there was no historical section for comparison, they
are consistent in engagement and outcomes.

Forensic Psychology was selected for the SmartStart
courseware process after the initial semester of Psychology
of Sex and Gender was completed. For this course, both the
2021 and 2022 semesters had 20% of the course grade
assigned to the formative practice. The engagement graphs
for each semester (Figure 4 and 5) mirror those seen for the
Psychology of Sex and Gender course, with a minimal
reading-doing gap and very little attrition across the
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TABLE II. EXAM SCORES FROM FORENSIC PSYCHOLOGY.
Exam 1 Exam 2 Exam 3
Spring  Mean Score 75% 80% 83%
2021 Score Range 35-103% 26-102% 32-105%
n Students 249 248 242
Spring  Mean Score 77% 81% 82%
2022 Score Range 41-102% 39-104% 52-103%
n Students 134 133 129
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IV. CONCLUSION

As online learning continues to become increasingly
prevalent in a post-pandemic world, identifying effective
teaching and learning strategies and tools that benefit
students is key. Yet even more important is to ensure these
methods and results are reproduceable. This instructor
applied the same teaching practices to two different online
Psychology courses over multiple semesters, both of which
utilized the same courseware platform as the primary
learning by doing resource. The incentivization of the
practice questions in the courseware increased student
engagement dramatically. In both sections of both courses,
attrition in the units and course was reduced to a minimal
amount. The reading-doing gap was also nearly eliminated as
students consistently did the practice as they read.
Maximizing student engagement by incorporating formative
practice into the course grade helped students take advantage
of the doer effect’s learning benefits. The practical outcome
of maximizing student learning by doing was increased exam
scores. That these outcomes were from multiple sections
over different years, as well as from different courses, shows
a particularly important outcome: these instructor practices
and learning outcomes can be replicated. Research in
teaching and learning needs more cases of learning
interventions that can be replicated in natural learning
contexts in order to recommend practices at scale.

Future research should work to extend the
generalizability of these findings by investigating if similar
implementation strategies can increase student engagement
with formative practice and increase learning outcomes in a
variety of subjects and institutions. Follow up research is
also planned to investigate how completing formative
practice in this courseware environment may benefit first
generation and at-risk students specifically. As a school with
a large first generation and transfer student population,
approaches that benefit and support these student populations
is important to UCF. Online learning will continue to grow at
UCF and other higher education institutions and effective,
reproducible teaching and learning methods will need to be
researched and adopted.
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