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and the instructional designer (ID) guided by the
Community of Inquiry (CoI) framework and the
principles of Universal Design for Learning (UDL)
created engaging activities and assessments,
maximized the benefits of multimedia and
educational technology, addressed diversity, equity,
inclusion (DEI) and accessibility through
manageable learning sequences and design
strategies, and offered an organic design model for
online DS courses.

Introduction
Online learning is the education industry’s fastest-growing market (Peck, 2023). Since 2019,
computer science has been one of the top three academic fields behind the growth (Online
Education Trends Report, 2023). Combining techniques and theory from computer science,
statistics, mathematics, and other fields, data science (DS) is described as a relatively new
and fast-growing discipline (Meng, 2019; Mike, 2023) and is included in STEM (Science,
Technology, Engineering, Mathematics). Probability, the cornerstone of statistics and
machine learning (ML), has recently been extremely popular in online courses (Al-Asfour,
2012; Allen & Seaman, 2015).

Achieving high-quality online DS courses that foster student engagement in the online
learning environment demands considerable course design efforts, including some needed
universally across all areas and others specific to DS courses and statistics.

Research in the ID community suggests that, in any domain of higher education (HE), a
successful design of an online learning experience involves the instructor, who is primarily
responsible for the subject content (Milosch, 2018), collaborating with an ID (Brigance, 2011)
that possesses the following qualities: (a) a solid design foundation supported by learning
theories, (b) an understanding of the cognitive process of learning, (c) an ability to utilize
research to inform practice, (d) competency in multimedia and online educational format,
and commitment to perpetual learning and readiness for the challenge (Hart, 2020).

Through the fostered collaboration, the instructor and the ID prioritize the learning needs of
the students. Ultimately, the collaboration analyzes and implements several rounds of
design and redesign by collecting students’ feedback and evaluation, which iteratively allows
each student to have a unique and satisfying learning experience (Carliner & Chen, 2024).
The collaboration throughout the iterative process not only implements a structured modular
design in a learning management system (LMS) but also creates continuous student
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engagement opportunities and activities that foster interacting with learning content and
collaborating with peers and constantly incorporates feedback collected from students and
other teaching professionals -including teaching assistants (TAs)- into the redesign process.
Working with the ID, the instructor creates a cutting-edge, superior course incorporating
technology and multimedia into the teaching (McDonald et al., 2022).

With its accumulated research and experience, the instructional design community can help
create a common ground for discussion among DS instructors to address challenges
specific to their fields, particularly those faced by the statistics component of DS.

Problem Statement
There are very few instances of collaboration between ID and teachers in the design of DS
FAOC, especially in statistics (Burnham et al., 2022; Sanchez & Wang, 2023; Steinberg, 2010;
Yang, 2017). Exceptional examples are a recent discussion of the relationship between
usability and cognitive load in statistics education (Tawfik et al., 2023), design-based
interactive statistical simulations (Gok & Goldstone, 2022), and design-based statistical
literacy (Bessant, 1992).

Teaching and designing online statistics courses have many challenges. For instance,
statistics courses typically require hands-on learning and live demonstrations of complex
concepts and technologies (Yang, 2017), which might be difficult to replicate online
(McQuate, 2020). Minimal resources address the effectiveness of pedagogical strategies in
using technology, classroom community and feedback, and student engagement for online
statistics courses (Chang & Lee, 2022; Flores et al., 2023). This is aggravated by the lack of a
unified definition of online learning in the DS education community (Mills & Raju, 2011;
McMurtrie, 2023).

The literature review on online education in DS (focusing on statistics) reveals the
fragmented nature of instructors' concern for online learning experiences. Most
researchers/instructors study how a specific technological tool helps students learn (Biehler,
2022; Flores et al., 2023). Instructional design literature suffers from the same
fragmentation when describing learning experiences in STEM from an instructional design
perspective.

Studies of online instruction of DS courses often compare student performance in online
and in-person or hybrid courses (George & Leon, 2023; Hoffman & Elmi, 2021; Schwartz et
al., 2018; Soesmanto & Bonner, 2019; Summers et al., 2005; Ward, 2004). Some focus on
finding differences in student composition through different course modalities (Dutton &
Dutton, 2005), and others compare resources to help students of different learning styles
learn (Shotwell & Apigian, 2015) or the role of the instructor in online learning or a hybrid
course (Tudor, 2006). Few of these approaches focus on the design process or student
engagement roles in promoting FAOC quality.

Given all the above, it is necessary to implement and develop effective instructional
strategies for online statistics courses (Akdemir, 2010; Yang, 2017) through a collaborative
effort between instructors and instructional designers (Milosch, 2018).
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To bridge the existing gap between the statistics education and the instructional design
literature on what concerns DS online learning experiences, we focus in this paper on the
design aspects of a FAOC statistics course, emphasizing the role that instructional design
within the UDL and CoI theoretical frameworks and iterative collaboration played in student
engagement. The course is an upper-division, calculus-based asynchronous online statistics
course, Introduction to Probability.

Theoretical Framework
The iterative design process adopted in our course design collaboration is based on
research and evidence. It follows the guidance of the Community of Inquiry (CoI) and
Universal Design for Learning (UDL) principles. It aligns with the academic goals of online
education, which include, but are not limited to, helping students stay organized, increasing
the accessibility of learning, and enhancing the quality of teaching and learning (Abuhassna
et al., 2020; Pauldel, 2021).

Iterative Design Process in Supporting
Online Education
The iterative design process supports the achievement of academic goals of online
education in many ways, including increasing student engagement, collaborative learning,
and inclusiveness to guarantee the quality of FAOCs.

A FAOC aims to create a flexible and student-centered learning experience, enables dynamic
interaction in the course environment, and encourages and reduces barriers that may be
caused by place and time (Alenezi, 2023; Billett et al., 2023; University of Illinois, Springfield,
2024). It also gives access to a broader range of options and resources, such as guest
experts, educational technologies, or other materials outside a physical location (Bryson &
Andres, 2020; Castro & Tumibay, 2021; Paudel, 2021). Bringing these rich and versatile
learning materials to students not only expands the field of knowledge but also strengthens
students’ analytical and research skills. In addition, an FAOC encourages creative teaching
and seeks excellence in teaching (Mahmood, 2021; Sofi-Karim et al., 2023; University of
Illinois, Springfield, 2024), which creates various activities and interactions, such as
interactive video lectures, e-Portfolio, blogging, online discussions and more, to prepare
students for the next level of learning (Bender, 2023; Fitzgerald, 2022).

As a “systematic process of translating principles of learning and instruction into plans for
instructional materials and activities” (Smith & Ragan, 1993, p.2), instructional design plays a
crucial role in developing online courses. It should also “be reflective and iterative, in addition
to being systematic” (Smith & Ragan, 2004). But iteration requires collaboration and
interaction between the instructor and the ID (McDonald et al., 2022; Ustun & Tracey, 2020).
Through an iterative instructional design process, the instructor and ID gradually refine the
course based on frequent student and ID/instructor evaluations to create engaging activities
and use online course functions dynamically within and throughout several course offerings.
Data science courses, especially probability, are no exception to the above. The instructor’s
subject matter and the designer’s system knowledge collaboratively influence the practice
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(Tate, 2017). Bond and Dirkin (2020) found that students respond positively to the results of
this practice through their increased engagement and satisfaction with the learning
experience.

Principles of Universal Design for Learning
(UDL) and Community of Inquiry (CoI)
To create a deep, meaningful, and engaging learning experience through interaction and
collaboration in this course learning environment, Universal Design for Learning (UDL)
principles and Community of Inquiry (CoI) were used to guide the iterative design of the
probability course.

Community of Inquiry (CoI)
Focusing on the course implementation and the learning process (Garrison, 2007; Swan et
al., 2012), the CoI framework has been adopted in our online DS course as the framework to
iteratively design throughout successive course offerings to improve the learning
experience.

The design process creates and supports a constructive, collaborative environment for
online learners by developing three interdependent social, cognitive, and instructional
presence elements. Social presence is the ability of learners to project their characteristics
to the community of inquiry. Cognitive presence is the extent to which the participants in a
particular configuration of a community of inquiry can construct meaning through ongoing
communication. Teacher presence is planning, promoting, and directing cognitive and social
processes to realize personally relevant and educational learning outcomes (CoI, 2021).

Universal Design for Learning (UDL) Principles
The UDL principles are central to the course design process because they guide the creation
of a diverse, equitable, and inclusive online learning environment and allow the improvement
and optimization of teaching and learning for all people based on a scientific understanding
of human learning (CAST, 2024).

The principles of multiple modes of engagement and expression emphasize that instructors
and IDs need to consider different activities and methods to encourage student participation
and interaction during teaching and learning, bringing in great opportunities for students
with diverse learning backgrounds who need to explore the online environment. Using UDL
principles as a guide, students with disabilities are supported to reduce barriers to achieving
learning goals in both online and hybrid environments using various instructional and
support functions (Rao et al., 2021). A study by Katz (2013) that uses UDL principles as an
intervention showed significant increases in active engagement, social engagement, and
inclusivity. Some recent research applying UDL principles as a basis for online support for
mathematics and statistics students during the pandemic also provides strong evidence of
the effectiveness of UDL in supporting student engagement and pedagogical and
technological integration in the online environment (Lewitzky, 2022).
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Overview of the Course: Introduction to
Probability

Course Context
Introduction to Probability is a calculus-based upper-division course required for statistics
and data science majors, minors, and other STEM majors at University of California, Los
Angeles (UCLA). This course covers the basic concepts of an introduction to probability
course and their application, including sample space and events, probability rules, random
variables, univariate and multivariate distributions, expectations, basic probability theorems,
and how to use all the above to learn from data. It averages 60-90 enrollments per quarter
per offer. The instructor and instructional designer redesigned the asynchronous online
version of the Introduction to Probability using the iterative process. They offered it for the
Fall, Winter, and Spring quarters from 2021 to 2023. The redesign improved the course
quality by implementing reasonable pedagogical strategies to increase student engagement
through modular design and technologies, and met the growing demand for this course
across campus during and after the pandemic.

Course Structure
According to UCLA’s definition of online asynchronous courses, which is delivering “100% of
instructional content to students online” and “all instructional activity (e.g., pre-recorded
lectures, online discussion boards), including assessments (e.g., quizzes, exams), is done
fully online” (UCLA, 2024, p. 1-2), the fully asynchronous online version of Introduction to
Probability structured the course using modular design approach and each learning unit
included a coherent learning sequence and rich learning activities, such as instructor
presence, student engagement, and appropriate formative and summative assessment
opportunities guided by pedagogical strategies from CoI and UDL principles. Each learning
unit typically consists of a) an overview and feedback video to summarize previous learning
and explain the learning goals that would be achieved through diverse activities, educational
technologies, and teaching strategies in the coming week; (b) various presentation formats
of learning materials and content, including pre-recorded videos, supplementary materials,
articles, infographics, etc.; (c) instructional activities that would be held in the discussion
sections with teaching assistants (TAs); (d) assessment and evaluation activities with
instant feedback, such as discussion forums, practice quizzes, scaffolded assignments, etc.,
all aligned with the course learning objectives.

An Iterative Process with Collaboration,
Evaluation, and Instructional Strategies
As suggested in the literature reviews, many definitions of instructional design indicate that
the course design process should be reflective and iterative in addition to systematic (Smith
& Ragan, 2004). Iterative design is an approach where a design is gradually developed and
refined based on feedback and evaluation (Cennamo & Kalk, 2019; von Schmieden et al.,
2019).

The Journal of Applied Instructional Design

39



The collaboration between the instructor and the ID iteratively and dynamically includes
several key design aspects to improve the course quality and student engagement during the
course Introduction to Probability’s initial and subsequent offerings. In the Fall of 2021, the
FAOC course debuted with professional studio-filmed video lectures, a well-structured
course site on Canvas, a teaching assistant trained by the ID to assist in the FAOC, and
significant communication of progress to the ID. The ID was engaged during the first week of
the quarter, participating in several activities and helping assess their effectiveness in
achieving the engagement goals of the week. Biweekly communication between the ID and
the instructor continued throughout the whole course. At the end of the course, the ID and
the instructor used the feedback collected from students through canvas surveys at the mid-
quarter and end-quarter, students’ performance, and discussions with TAs and instructor to
brainstorm and propose the aspects of change, which were all guided by CoI and UDL. This
cycle continued in the following quarters: Winter, Spring, and Fall of 2022, and Winter and
Spring of 2023. The iterative and collaborative redesign continued what worked well.

Building Multiple Ways of Engagement
The UDL principles suggested implementing multiple modes of engagement, representation,
action, and expression to ensure the learning experience for all students (CAST, 2024). One
of the collaboration goals was to provide different methods to encourage students to
recognize themselves, build a learning community, and interact with the course materials
and peers. The methods included but were not limited to integrating multimedia such as
filming lecture videos to explain complex concepts and theories so students can watch and
review at their own pace, adopting educational technologies such as e-textbooks with easy
access, online social networking building tools, and quiz-in-video to encourage more
interaction and collaboration among peers, and designing different activities to allow
students to apply what had been learned such as case studies and scaffolded assignments.
Because the course was offered through Canvas, the design also selected Zoom to offer
office hours for students to communicate synchronously with the instructor and TAs, who
were also available throughout the learning in discussion sessions to provide students with
multiple communication solutions to help with in-class questions and facilitate discussion
topics.

Achieving Social Presence Online: The Course
Reception in Gather Town Example
Social presence is one of the three components of the CoI framework. Achieving a high
social presence in an online learning environment supports the development of personal
relationships and encourages collaboration and the creation of a learning community
(Aldosari et al., 2022; Singh et al., 2022). Also, Guideline 8.4 in UDL principles emphasizes
“foster belonging and community” (CAST, 2024) when designing a learning environment.

After evaluating the social gathering event that usually happened in person in the first week
of previous offerings, the instructor and instructional designer re-designed the social event in
Gather Town (2023). This virtual space allowed users to interact as if they were in a physical
location. By building several virtual spaces in Gather Town, the instructor interacted and
shared course expectations easily with students during the two-hour-long social gathering
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and with a few low-stake activities that had detailed instructions, such as the scavenger
hunting syllabus and forming teams based on their conversations, students knew each other
quicker and better than in person before collaborating on projects. 95% of students
participated synchronously during the social hours and found it was “helpful,” “interesting,”
and “enjoyable” (as indicated by students’ survey responses received via a canvas survey).

In addition to the social gathering event, a low-stake structured introduction Canvas
discussion activity was added to the beginning of the course that allowed students to
present themselves by sharing videos, audio, images, or text. Through this and the Gather
Town activity, students gained so much social presence that they wanted to continue with
the same groups they formed throughout the course, an essential part of student
satisfaction with the social presence aspect. Iterative improvements in successive quarters
kept both activities to enable more interactions for individuals and student groups.

Building a Flexible Learning Space Through
Multiple Ways of Representation
The engagement methods discussed in the first offering of the course were used to
encourage students to participate and build a learning community in the online course from
the very beginning of their learning, and this was continued in subsequent offerings of the
course. The collaboration also focused on incorporating different pedagogical strategies to
allow students to access the course materials and engage deeply with the course content
(CAST, 2024) using different educational technologies.

While online teaching has the advantages of using multimedia such as videos and images to
present course materials, it is always a challenge for individual instructors to create high-
quality multimedia content due to the limited equipment and resources (A Pass Education,
2024). Closely working with the media production team, which is part of the instructional
design team at UCLA, the instructional designer and the instructor well-planned and
produced lecture videos in a professional studio environment and explored different ways
that allowed students to interact and engage with those lecture videos. At each course
offering, the ID/instructor collaboration brought new ways of representing the course
content that supplemented the pre-recorded lectures. Although student satisfaction surveys
revealed that students preferred to learn the course content with the studio pre-recorded
lectures, they highly valued some of the external videos.

The Technology of Learning Glass and Quiz-In-
Video
Learning Glass is a technology that allows instructors to write lecture notes on a transparent
whiteboard paired with a filming system while recording. It maintains face-to-face contact
with students and works well for writing formulas, demonstrating processes, and
demonstrating math concepts. Mathematical learners often prefer it when their teachers
solve problems by hand to show them the steps involved. Using Learning Glass to
demonstrate how to solve practical problems and provide proof in the probability course is
efficient and easy for students to understand the context.
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In addition to maintaining the teacher’s presence through learning glass for online lecture
videos, the collaboration also tried to recreate the nature of pause and reflective moments
that usually happen in traditional classrooms and allowed students to reflect on what had
been presented, the opportunity to ask questions or clarify on specific topics. Quiz-in-video
(QIV), a feature of Kaltura, the video platform most departments use at UCLA, can easily
recreate those reflection moments for online courses. Using QIV, this probability online
course presented the key ideas and examples in segments along with knowledge-check
questions that gave students an instant assessment of their comprehension and naturally
prompted them to pause and reflect. From the survey responses, students considered the
videos great educational value.

Supplementary Videos and Informal Learning
Space
According to CoI, cognitive presence focuses on helping students connect and apply new
ideas (CoI, 2021). There are different ways to motivate students to engage with course
content cognitively, so in addition to pre-recorded lecture video segments for online learning,
the course design selected and produced supplemental multimedia resources that use step-
by-step problem-solving to demonstrate complex concepts. For instance, taking remarks
from students regarding how hard a particular concept was or from the instructor’s prior
knowledge, the instructor discussed the video length and what to cover with the instructional
designer and then produced some just-in-time videos. Those shorter supplementary videos
concentrated on a single exercise, supported particular lecture content, and helped students
by explaining how to complete a particular probability task.

Besides the instructor-made just-in-time videos, this course also adopted materials from
YouTube educational video content. In the era of digital learning, undergraduate students
consciously participate in informal learning through social media exchanges and
information absorption from others (Romero-Hall, 2021); in some research, students also
could set up their own learner-initiated digital spaces next to their official classroom to
facilitate their and their peers’ informal learning (CoI, 2021; Turcotte et al., 2021). The design
of Introduction to Probability also included informal learning experiences for our online
statistic learners. The course included relevant external videos to explain content as part of
various learning resources.

In specific modules, activities asked students to create videos to help others understand
specific topics. Students were encouraged to submit outside resources or produce videos
independently to receive extra credits by sharing them in class discussion forums. The
instructor and TA assisted students in authoring and editing their works to ensure accuracy
and correctness.

To add to the depth of discussion, the course also asked guest speakers to share their
insights and knowledge on certain complex concepts and ideas. The topics and content
from guest speakers varied depending on students' and instructors’ feedback. Videos were
included in the course from the beginning and were added in later offerings. However,
students mentioned that the videos made by students were more beneficial than the ones
made by guest speakers due to their direct connection with topics. In addition, students also
shared in their feedback that while some found that using the supplemental materials made
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some concepts easier to understand after watching the formal lectures, others found that
the lectures alone were also sufficient to understand the concepts.

TA in Zoom Synchronous Sessions
UCLA requires upper-division courses to offer a weekly hour-long live discussion session for
students within each quarter per course offering, usually led by a TA. Because the TA was
different each quarter, creating structured and consistent discussion sessions for our course
was challenging and a significant component of the ID/instructor collaboration for the
course design. The design underwent several phases to maximize the time TAs spent with
students during the discussion sessions. The course design for Fall 2021 aimed to involve
TAs to engage students with additional readings, videos, and textbooks to help them
reinforce their comprehension of the ideas covered in the pre-recorded lectures using
supplemental materials that included probability applications and exercises that addressed
any challenges in homework assignments and quizzes. However, some challenges remained
due to the TA session scheduling.

Based on students’ feedback, the design for Winter 2022 adjusted the session schedule to
enable students to review course materials before the session. Students were encouraged to
bring questions regarding the readings assigned for the week’s module or the quizzes
incorporated into the pre-recorded lectures and could review session recordings. However,
attendance still did not increase, and some students wanted to discuss more complex
questions.

The redesign for Spring 2022 incorporated a gamification approach. Students were asked to
submit questions before the TA session via a Google Doc, and those attending and actively
engaged with the session would receive tokens to exchange for other activities. A low-
stakes, end-of-session graded quiz was used to gauge participation. The redesign
successfully increased the quarter’s attendance rate to almost 90%, as well as students’
satisfaction.

For future redesign, we encouraged students to interact with the course material earlier in
the week by adding one more formative quiz in the middle of the week.

Multiple Ways of Actions and Expressions
through Assessment and Group Project
According to UDL principles (CAST, 2024), the course design should allow multiple ways of
action and expression, which encourages “using multiple tools for construction,
composition, and creativity” (consideration 5.2) and “building fluencies with graduated
support for practice and performance” (consideration 5.3). Within the developed information
learning spaces, learner-initiated interactions and instructor-and-ID-generated activities
always explore the opportunities for students to create and apply what they learn from the
course materials. For instance, to support students fully comprehend the simulations and
data visualization, some of which use what Gok & Goldstone (2022) called “Generic Visual
Representations of Data,” including histograms and “Standard Simulation,” scaffolded
projects were designed for our course to guide students to gather data and correlate it with
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the information presented in graphs through a variety of representations using complete
examples in settings other than the project, additional videos explaining the process and
instructor-produced videos showing steps. The following examples from the course design
are described in more detail.

Using Discussion Forums to Encourage the
Sharing and Expression
Students could stay in touch with the entire class throughout the quarter using the
discussion forum in LMS. The fact that they were rated on a broad scale of A for significant
contribution, B for some contribution, and C for minimal contribution partly explains the high
level of participation. The open forum allowed students to assist one another with
assignments, lectures, quiz questions, and occasionally even instructions. Over the quarter,
fewer people participated in the open forum.

The UDL tenet of “Multiple means of action and expression” allows students to choose what
goes into their assignments. For instance, during some of the weekly discussions in Canvas,
students could opt to produce written pieces, films, photographs, recorded messages, or
URLs of resources to demonstrate their understanding of the topics covered, support one
another, or highlight specific areas of their major that are relevant to the course material.
Then, to foster additional interpersonal interaction, each student would have to evaluate the
contributions of at least three other students meaningfully.

Students found their peers’ contributions very illuminating. They were enlightened by their
peers’ abilities to articulate concepts or opinions in a way that helped them better
understand the course material, or they were shocked by how essential probability is in all of
their majors, many of which were not statistics majors. Their comments made it possible for
students to improve the themes of their conversations iteratively.

Scaffolded Projects
Scaffolding is an instructional method that gradually moves students to greater
independence and understanding, allowing them to start at lower complexity and move to
higher-complexity material. For a scaffolded project to succeed, learners must have the tools
they need to do what is being asked of them, and tutorials on how to use the new tools must
be provided. Our course used different scaffolded peer-reviewed projects where we opened
the informal learning space, and the learners actively brought it to life for all to use
simultaneously.

By allowing the peer-review approach, students were offered multiple opportunities to
interact with each other and obtained a high level of ownership and accountability. In this
course, using the students’ preferred media and Google Docs, each group created a small
learning community digital cluster during the project’s production to collaborate and learn
from one another informally. The students enjoyed these unstructured learning groups.

In one of the course’s scaffolded projects, ID/instructor created an unofficial space, like a
Google Spreadsheet, where the groups, which were initially organized at the start of the
quarter, collaboratively entered data gathered from a sample of 15 students per group from
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the same population. All information was collected through a survey-like questionnaire.
Every group could view the data entered in the Google Sheet by other groups. There were
two objectives for the data collection. First, to demonstrate how a sample was used to make
inferences about a population in real-world contexts using all the group's data to represent a
sizable sample from the population. Second, they used a separate spreadsheet where each
group could enter the average for its fifteen sampled students and then the class used all
these individual group averages to obtain a sampling distribution of averages. The class
then, as a single group, determined whether the Central Limit Theorem held.

In comparison to the standard simulations of Gok and Goldstone (2022), students
comprehended the concept of inference and the differences between the contexts of a
sample’s histogram and the sampling distribution of means of multiple samples in a much
more contextual way with the above experiment and multiple modes of media
representation. The same procedure was used for other projects. However, students had to
determine whether a given probability model adequately described the generated data, a
“model fitting” exercise in the DS community. Weekly practice problems provided step-by-
step instructions on demonstrating goodness of fit through examples.

Conclusions and Recommendations
While the collaboration between the instructor and the ID built the iterative process of
producing a high-quality online course, learning theories and frameworks like CoI and UDL
principles, student suggestions through feedback questionnaires assessed within the
framework of the learning theories and the ID/instructor frequent evaluations and ongoing
communication, all influenced the collaboration. The full-fledged partnership was beyond
consultation and continued to enhance student engagement and collaborative learning
quarter after quarter. The instructor perceived more social presence and collaboration
among students in the FAOC compared to the in-person offering of the same course, owing
to this collaboration. Students viewed the course as a unique and “high value” learning
opportunity that enhanced their understanding of probability and other DS courses they had
previously taken. Students' awareness that the class was a collaborative effort between the
instructor and ID contributed to their positive opinion of the course. Furthermore, the
ongoing communication with the ID and the iterative course redesign generated a
continuous, highly customized, and transforming professional development experience for
the instructor.

We still seek the opportunity to enhance the learning process regarding collaboration and
engagement. Because some students believe that the supplemental external videos and
materials are not part of the “formal” course, further offerings will change that perception by
taking into consideration creating conditions to proactively encourage students to curate
digital spaces for their learning, as suggested by Turcotte et al. (2021) and replacing some
supplementary materials with students’ videos. Furthermore, TA sessions will be redesigned
into a format more consistent with the remainder of the course; guest lectures will be more
aligned with the student projects than with individual concepts in the course; more
alternative ways of rewarding students for their participation will be offered, as we observe
that there is overwhelming participation only when there are some points assigned to it.

The Journal of Applied Instructional Design

45



References
Abuhassna, H., Al-Rahmi, W. M., Yahya, N., Zakaria, M. A. Z. M., Kosnin, A. B. M., & Darwish,

M. (2020). Development of a new model on utilizing online learning platforms to
improve students’ academic achievements and satisfaction. International Journal of
Educational Technology in Higher Education, 17, 1-23.

Akdemir, O. (2010). Teaching math online: current practices in Turkey. Journal of Educational
Technology Systems, 39(1), 47–64. https://doi.org/10.2190/ET.39.1.e.

Al-Asfour, A. (2012). Examining Student Satisfaction Of Online Statistics Courses. Journal of
College Teaching & Learning (TLC), 9(1), 33–38.
https://doi.org/10.19030/tlc.v9i1.6764

Aldosari, A. M., Alramthi, S. M., & Eid, H. F. (2022). Improving social presence in online higher
education: Using live virtual classroom to confront learning challenges during COVID-
19 pandemic. Frontiers in Psychology, 13.
https://doi.org/10.3389/fpsyg.2022.994403

Alenezi, M. (2023). Digital learning and digital institution in higher education. Education
Sciences, 13(1), 88.

Allen, E., & Seaman, J. (2015). Grade level: tracking online education in the United States,
2014. Babson Survey Research Group. Retrieved from
https://www.onlinelearningsurvey.com/reports/gradelevel.pdf.

A Pass Education (2024). Top Challenges of Online Education: Dynamic Content Delivery. A
Pass Education. https://apasseducation.com/education-
blog/dynamic_content_delivery/

Bender, T. (2023). Discussion-based online teaching to enhance student learning: Theory,
practice and assessment. Taylor & Francis.

Bessant, K. C. (1992). Instructional design and the development of statistical literacy.
Teaching Sociology, 20, 143–149.

Biehler, R. (2022). Revisiting Fundamental Ideas for Statistics Education from the
Perspective of Machine Learning and its Applications, ICOTS 11 Proceedings.
https://www.iase-web.org/icots/11/proceedings/pdfs/ICOTS11_107_BIEHLER.pdf?
1669865513 ICOTS11_107_BIEHLER.pdf (iase-web.org)

Billett, S., Leow, A., Chua, S., & Le, A. H. (2023). Changing attitudes about online continuing
education and training: A Singapore case study. Journal of Adult and Continuing
Education, 29(1), 106–123.

Bond, J. & Dirkin, K. (2020). What Models Are Instructional Designers Using Today? Journal
of Applied Instructional Design, 9(2). https://dx.doi.or/10.51869/92jbkd

The Journal of Applied Instructional Design

46

https://doi.org/10.2190/ET.39.1.e
https://doi.org/10.19030/tlc.v9i1.6764
https://doi.org/10.3389/fpsyg.2022.994403
https://www.onlinelearningsurvey.com/reports/gradelevel.pdf
https://apasseducation.com/education-blog/dynamic_content_delivery/
https://apasseducation.com/education-blog/dynamic_content_delivery/
https://www.iase-web.org/icots/11/proceedings/pdfs/ICOTS11_107_BIEHLER.pdf?1669865513
https://dx.doi.or/10.51869/92jbkd


Brigance, S.K. (2011). Leadership in online learning in higher education: Why instructional
designers for online learning should lead the way. Performance Improvement, 50(10),
43–48. https://doi.org/10.1002/pfi.20262

Bryson, J. R., & Andres, L. (2020). Covid-19 and rapid adoption and improvisation of online
teaching: curating resources for extensive versus intensive online learning
experiences. Journal of Geography in Higher Education, 44(4), 608–623.

Burnham, E.M., Blankenship, E.E. & Brown, S.E. (2023). Designing a Large, Online Simulation-
Based Introductory Statistics Course. Journal of Statistics and Data Science
Education, 31(1), 66–73. https://doi.org/10.1080/26939169.2022.2087810

Carliner, S. & Chen, Y. (2024). Instructional Design: A Collaboration or A Consultation? An
Example of the Working Relationships Between Instructional Designers and
Instructors. The Journal of Applied Instructional Design, 13(1).
https://dx.doi.org/10.59668/723.13045

CAST (2024). Universal design for learning principles version 3.0. UDL (Universal Design for
Learning) UDL: The UDL Guidelines (cast.org)

Castro, M. D. B., & Tumibay, G. M. (2021). A literature review: efficacy of online learning
courses for higher education institutions using meta-analysis. Education and
Information Technologies, 26, 1367-1385.

Cennamo, K., & Kalk, D. (2019). Real world instructional design: An iterative approach to
designing learning experiences. Routledge.

Chang, Y., & Lee, E. (2022). Addressing the challenges of online and blended STEM learning
with grounded design. Australasian Journal of Educational Technology, 38(5), 163–
179. https://doi.org/10.14742/ajet.7620

CoI (Community of Inquiry) (2021). The Community of Inquiry: About The Framework and
https://www.thinglink.com/scene/361878080714702850?buttonSource=viewLimits

Dutton, J. & Dutton, M. (2005). Characteristics and Performance of Students in an Online
Section of Business Statistics, Journal of Statistics Education, 13(3).
https://doi.org/10.1080/10691898.2005.11910564

Fitzgerald, M. (2022, February 15). How Online Learning Is Reshaping Higher Education. U.S.
News & World Report. https://www.usnews.com/news/education-
news/articles/2022-02-15/how-online-learning-is-reshaping-higher-education

Flores, A., Cappiello, L. P., & Quintanilla Salinas, I. (2023). Challenges and Successes of
Emergency Online Teaching in Statistics Courses. Journal of Statistics and Data
Science Education, 32(2), 122–128. https://doi.org/10.1080/26939169.2023.2231036

Garrison, D. R. (2007). Online community of inquiry review: Social, cognitive, and teaching
presence issues. Journal of Asynchronous Learning Networks, 11(1), 61–72.

The Journal of Applied Instructional Design

47

https://doi.org/10.1002/pfi.20262
https://doi.org/10.1080/26939169.2022.2087810
https://dx.doi.org/10.59668/723.13045
https://udlguidelines.cast.org/
https://doi.org/10.14742/ajet.7620
https://www.thecommunityofinquiry.org/framework
https://www.thinglink.com/scene/361878080714702850?buttonSource=viewLimits
https://doi.org/10.1080/10691898.2005.11910564
https://www.usnews.com/news/education-news/articles/2022-02-15/how-online-learning-is-reshaping-higher-education
https://www.usnews.com/news/education-news/articles/2022-02-15/how-online-learning-is-reshaping-higher-education
https://doi.org/10.1080/26939169.2023.2231036


Gather Town, Inc. (2023). Gather Town [Computer software]. Gather Town, Inc.
https://www.gather.town/

George, B. J. & Leon, J. (2023). Making the Switch: Experiences and Results from Converting
a Biostatistics Course to Flipped and Online Formats for Public Health Students.
Journal of Statistics and Data Science Education, 31(1), 91-101.
https://doi.org/10.1080/26939169.2022.2046522

Gok, S. & Goldstone, R. L. (2022). Going Beyond Formalisms: A Grounded and Embodied
Learning Approach to the Design of Pedagogical Statistics Simulations. Journal of
Applied Instructional Design, 11(4). https://dx.doi.org/10.59668/423.8196

Hart, J. (2020). Importance of Instructional Designers in Online Higher Education. Journal of
Applied Instructional Design, 9(2). https://doi.org/10.51869/92jeh

Hoffman, H.J. & Elmi, A.F. (2021). Comparing Student Performance in a Graduate Level
Introductory Biostatistics Course Using an Online versus a Traditional in-Person
Learning Environment. Journal of Statistics and Data Science Education, 29(1), 105-
114. https://doi.org/10.1080/10691898.2020.1841592

Katz, J. (2013). The three block model of universal design for learning (UDL): Engaging
students in inclusive education. Canadian Journal of Education, 36(1), 153-194.

Lewitzky, R. A. (2022, April). Facilitating learning in online undergraduate mathematics and
statistics courses. International Journal on E-Learning, 21(2). Association for the
Advancement of Computing in Education (AACE).

Mahmood, S. (2021). Instructional strategies for online teaching in COVID‐19 pandemic.
Human Behavior and Emerging Technologies, 3(1), 199-203.

McDonald, J.K., Elsayed-Ali, S., Bowman, K. & Rogers, A.A. (2022). Considering What Faculty
Value When Working with Instructional Designers and Instructional Design Teams.
The Journal of Applied Instructional Design, 11(3).
https://doi.org/10.51869/113/mebr1

McMurtrie, B. (2023, October 18th). The Promise of Online Teaching is Evident. Are Colleges
Ready? The Chronicle of Higher Education.
https://www.chronicle.com/article/classroom-walls-are-shifting

McQuate, S. (2020, April 16). ‘Hands-on’ classes online? How some instructors are adapting
to a new teaching environment. University of Washington UW News.
https://www.washington.edu/news/2020/04/16/how-to-move-hands-on-classes-
online/

Meng, X.L. (2019). Data Science: An Artificial Ecosystem. Harvard Data Science Review, 1(1).
https://doi.org/10.1162/99608f92.ba20f892

Mike, K., Kimelfeld, B., & Hazzan, O. (2023). The Birth of a New Discipline: Data Science
Education. Harvard Data Science Review, 5(4).

The Journal of Applied Instructional Design

48

https://www.gather.town/
https://doi.org/10.1080/26939169.2022.2046522
https://dx.doi.org/10.59668/423.8196
https://doi.org/10.51869/92jeh
https://doi.org/10.1080/10691898.2020.1841592
https://doi.org/10.51869/113/mebr1
https://www.chronicle.com/article/classroom-walls-are-shifting
https://www.washington.edu/news/2020/04/16/how-to-move-hands-on-classes-online/
https://www.washington.edu/news/2020/04/16/how-to-move-hands-on-classes-online/
https://doi.org/10.1162/99608f92.ba20f892


https://doi.org/10.1162/99608f92.280afe66

Mills, J.D. & Raju, D. (2011). Teaching Statistics Online: A Decade's Review of the Literature
About What Works. Journal of Statistics Education, 19(2).
https://doi.org/10.1080/10691898.2011.11889613

Milosch, T. (2018, January 16). Building a Collaborative Instructor-Instructional Designer
Relationship. Inside Higher Ed. https://www.insidehighered.com/digital-
learning/views/2018/01/17/building-collaborative-instructor-instructional-designer

Online Education Trends Report (2023). Online Education Trends Report | BestColleges.
https://www.bestcolleges.com/research/annual-trends-in-online-education/

Paudel, P. (2021). Online education: Benefits, challenges and strategies during and after
COVID-19 in higher education. International Journal on Studies in Education (IJonSE),
3(2).

Peck, D. (May, 2023). Online Learning Statistics.
https://www.devlinpeck.com/content/online-learning-statistics

Rao, K., Torres, C., & Smith, S. J. (2021). Digital tools and UDL-based instructional strategies
to support students with disabilities online. Journal of Special Education Technology,
36(2), 105-112.

Romero-Hall, E. (2021). Undergraduate Students in Online Social Communities: An
Exploratory Investigation of Deliberate Informal Learning Practices. The Journal of
Applied Instructional Design, 10(3). https://doi.org/10.51869/103/erh

Sanchez, J., & Wang, S. (2023). Discussing the Role of the Instructor and the Instructional
Designer in a Fully Asynchronous Statistics Course. Presented at the United States
Conference on the Teaching of Statistics, June 2023.
https://escholarship.org/uc/item/2rn8p5m5

Schwartz, T.A., Ajazi, E. & Monaco, J. (2018). Findings from a Survey of Statistics and
Biostatistics Instructors in the Health Sciences Who Teach Using an Online or Flipped
Format. Journal of Statistics Education, 26(2), 143-148.
https://doi.org/10.1080/10691898.2018.1484675

Shotwell, M. & Apigian, C. H. (2015). Student Performance and Success Factors in Learning
Business Statistics in Online vs. On-Ground Classes Using a Web-Based Assessment
Platform. Journal of Statistics Education, 23(1).
https://doi.org/10.1080/10691898.2015.11889727

Singh, J., Singh, L., & Matthees, B. (2022). Establishing social, cognitive, and teaching
presence in online learning—A panacea in COVID-19 pandemic, post vaccine and post
pandemic times. Journal of Educational Technology Systems, 51(1), 28-45.

Smith, P., & Ragan, T. (1993). Instructional design. Princeton, NC: Merrill Publishing Company.

The Journal of Applied Instructional Design

49

https://doi.org/10.1162/99608f92.280afe66
https://doi.org/10.1080/10691898.2011.11889613
https://www.insidehighered.com/digital-learning/views/2018/01/17/building-collaborative-instructor-instructional-designer
https://www.insidehighered.com/digital-learning/views/2018/01/17/building-collaborative-instructor-instructional-designer
https://www.bestcolleges.com/research/annual-trends-in-online-education/
https://www.devlinpeck.com/content/online-learning-statistics
https://doi.org/10.51869/103/erh
https://escholarship.org/uc/item/2rn8p5m5
https://doi.org/10.1080/10691898.2018.1484675
https://doi.org/10.1080/10691898.2015.11889727


Smith, P., & Ragan, T. (2004). Instructional design (3rd ed.). Hoboken, NJ: John Wiley & Sons,
Inc.

Soesmanto, T. & Bonner, S. (2019). Dual Mode Delivery in an Introductory Statistics Course:
Design and Evaluation. Journal of Statistics Education, 27(2), 90-98.
https://doi.org/10.1080/10691898.2019.1608874

Sofi-Karim, M., Bali, A. O., & Rached, K. (2023). Online education via media platforms and
applications as an innovative teaching method. Education and Information
Technologies, 28(1), 507-523.

Steinberg, M.V. (2010). Teaching Introductory Statistics and Probability Online in a Pace
Format: Some Best Practices. Journal of Research in Innovative Teaching, 3(1), 2010,
184.

Summers, J.J., Waigandt, A. & Whittaker, T.A. (2005). A Comparison of Student Achievement
and Satisfaction in an Online Versus a Traditional Face-to-Face Statistics Class.
Innovative Higher Education 29, 233–250 (2005). https://doi.org/10.1007/s10755-
005-1938-x

Swan, K., Matthews, D., Bogle, L. Boles, E. & Day, S. (2012). Linking online course design and
implementation to learning outcomes: A design experiment. The Internet and Higher
Education, 15(2) 81-88, https://doi.org/10.1016/j.iheduc.2011.07.002

Tate, E. (2017). Easing conflicts between instructional designers and the faculty | Inside
Higher Ed. Insidehighered.com. Retrieved 5 April 2018, from
https://www.insidehighered.com/digital-learning/article/2017/05/03/easing-
conflicts-between-instructional-designers-and-faculty

Tawfik, A.A., Payne, L., Olney, A.M & Ketter, H. (2023). Exploring the Relationship Between
Usability and Cognitive Load in Data Science Education. Journal of Applied
Instructional Design, 12(3).
https://jaid.edtechbooks.org/jaid_12_3/usability_and_cognitive_load

Tudor, G.E. (2006). Teaching Introductory Statistics Online — Satisfying the Students. Journal
of Statistics Education, 14(3). https://doi.org/10.1080/10691898.2006.11910591

Turcotte, N., Whittle, C., Sutterlin, J. & Millet, A. (2021). Place-Making for Informal Learning in
an Online Programming Course. The Journal of Applied Instructional Design, 10(3)
https://doi.org/10.51869/103/ntcwjsam

UCLA. (2024). UCLA Undergraduate Distance Education
Policy. https://ucla.app.box.com/v/UndergradDistancePolicy

University of Illinois, Springfield (2024). Strengths and Weaknesses of Online Learning.
University of Illinois. https://www.uis.edu/ion/resources/tutorials/overview/strengths-
weaknesses.

The Journal of Applied Instructional Design

50

https://doi.org/10.1080/10691898.2019.1608874
https://doi.org/10.1007/s10755-005-1938-x
https://doi.org/10.1007/s10755-005-1938-x
https://doi.org/10.1016/j.iheduc.2011.07.002
https://www.insidehighered.com/digital-learning/article/2017/05/03/easing-conflicts-between-instructional-designers-and-faculty
https://www.insidehighered.com/digital-learning/article/2017/05/03/easing-conflicts-between-instructional-designers-and-faculty
https://jaid.edtechbooks.org/jaid_12_3/usability_and_cognitive_load
https://doi.org/10.1080/10691898.2006.11910591
https://doi.org/10.51869/103/ntcwjsam
https://ucla.app.box.com/v/UndergradDistancePolicy
https://www.uis.edu/ion/resources/tutorials/overview/strengths-weaknesses
https://www.uis.edu/ion/resources/tutorials/overview/strengths-weaknesses


Ustun, A. B., & Tracey, M. W. (2020). An effective way of designing blended learning: A three
phase design-based research approach. Education and Information Technologies,
25(3), 1529-1552.

von Schmieden, K., Mayer, L., Taheri, M., & Meinel, C. (2019). An Iterative Approach to Online
Course Design: Improving a Design Research MOOC. In: Meinel, C., Leifer, L. (Eds),
Design Thinking Research. Understanding Innovation. Springer, Cham.
https://doi.org/10.1007/978-3-319-97082-0_6

Ward, B. (2004). The Best of Both Worlds: A Hybrid Statistics Course. Journal of Statistics
Education, 12(3). https://doi.org/10.1080/10691898.2004.11910629

Yang, D. (2017). Instructional strategies and course design for teaching statistics online:
perspectives from online students. International Journal of STEM Education, 4(34).
https://doi.org/10.1186/s40594-017-0096-x

Author Note

Correspondence concerning this article should be addressed to Sirui Wang, UCLA
Teaching and Learning Center, University of California Los Angeles (UCLA), 70
Powell Library Building, Box 951515, Los Angeles, CA 90095-1515, United States.
Email: swang@teaching.ucla.edu

The Journal of Applied Instructional Design

51

https://doi.org/10.1007/978-3-319-97082-0_6
https://doi.org/10.1080/10691898.2004.11910629
https://doi.org/10.1186/s40594-017-0096-x


Sirui Wang

Sirui earned her Ph.D. in Instructional Technology and Design
from the University of Southern Mississippi. Her research
interests include instructional design processes and models,
learner engagement, workforce upskilling, online education,
and the adoption of educational technologies. She is also an

The Journal of Applied Instructional Design

52

https://jaid.edtechbooks.org/author/99983417


adjunct professor with Valdosta State University’s doctoral,
master’s, and certificate programs in Instructional Design and
Technology Leadership.

Juana Sanchez
University of California, Los Angeles

Juana Sanchez, Ph.D., is Senior Lecturer Emerita in the
Department of Statistics and Data Science at the University of
California, Los Angeles (UCLA). She has been full time
member of the faculty at UCLA since 1999. She is currently
serving as the Editor-in-chief of the Journal of Statistics and

The Journal of Applied Instructional Design

53

https://jaid.edtechbooks.org/author/99989417


Data Science Education (2025-2027), a double-anonymized
peer-reviewed journal published jointly by the American
Statistical Association and Taylor and Francis. Juana is author
of two textbooks and numerous articles on both statistics
education and statistics methodology. She has been
dedicated to active, just, equitable and accessible teaching
and learning since before she graduated from Washington
University in 1989, bringing also her passion for education and
evidence-based teaching and decision making to leadership
roles outside the classroom, such as Director of the
International Statistical Literacy Project of the International
Statistical Association in 2007-2009, and other roles at the
American Statistics Association. Juana believes that
instructional designers are essential for the design of
innovative and engaging statistics and data science courses,
and she feels privileged to have had the opportunity to
develop a fully online asynchronous course with one of the
best, Sirui Wang. To see Juana's Curriculum Vitae, and other
information about her, you may visit her website at UCLA
(https://faculty.stat.ucla.edu/jsanchez/).

This work is released under a CC BY license, which
means that you are free to do with it as you please as
long as you properly attribute it.

The Journal of Applied Instructional Design

54



The Journal of Applied Instructional Design

55


