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ABSTRACT

The COVID-19 pandemic dramatically impacted the global post-secondary education environment beginning March 2020, leaving
many classes using the traditional face-to-face delivery method scrambling to adapt. This paper describes the process used in
response to COVID to convert a traditional lecture-style business intelligence class to a flipped classroom, while maintaining
assignments, groups, and discussion as student engagement techniques. End of term skills assessments of four pre-COVID sections
are combined with skills assessments from two during-COVID flipped online sections. The during-COVID sections use pre-
recorded Kaltura video lectures, supplemented with Blackboard Collaborate virtual meetings, in a flipped online delivery approach.
Partial least squares (PLS) regression results indicate a flipped approach augments other student engagement methods and
significantly improves skills attainment. Results also indicate that while group formation continues to enhance in-class assignment
completion and reflection, discussion is less impactful in an online environment. This research highlights nuances of business
intelligence education and provides suggestions for enhancing approaches for improved skills attainment.

Keywords: Active learning, Discussion, COVID-19, Flipped classroom, Groups

1. INTRODUCTION (Fottrell, 2019). As employer demand for BI skills increases
(Anand, 2022; Fottrell, 2019), the motivation to understand the

COVID-19 disrupted research, teaching, and learning in higher ~ optimal approaches to teach BI skills also intensifies.
education, forcing a rapid response and, in some cases, drastic Prior to the pandemic, the course in this study was taught
changes to course delivery. Converting face-to-face delivery to  exclusively using a face-to-face delivery method with limited
online learning is one such change (Ling & Ling, 2020). This  use of online instructional technologies such as video
paper discusses how an undergraduate business intelligence  conferencing, lecture capture, and remote test proctoring. In-
(BI) course is adapted to shift the learning environment from  class lectures introduce material then reinforce the material
face-to-face to synchronous online in response to the COVID-  presented using an active learning pedagogical approach
19 pandemic. This study complements the work of others in  (Riordan etal., 2017; Stefanou et al., 2012; Strayer et al., 2019).
higher education who have discussed their experiences  Students discuss and apply concepts and tools in class in pre-
transitioning technology-based courses online (Singh et al.,  assigned groups. For the initial two-thirds of each semester,
2022; Williams & Elmore, 2021). students build their proficiency with BI tools including table
Even prior to COVID, there was an increasing demand for  joins, data transformation through Data Analysis Expressions
professionals skilled in Data Science and Analytics (DSA), (DAX)commands, data visualization using Power View/Power
including Big Data, data analytics, and Business Intelligence = BI dashboards, and data analytics through partial least squares
(BI) (Fenlon & Fitzgerald, 2017). Recent reports indicate that ~ (PLS) regression. Each week, students complete in class and/or
the “Best job in America” is a Data Scientist, with an average = homework assignments to reinforce and extend their skill
salary of $108,000, high job satisfaction, and many openings  levels. These exercises typically incorporate real-world data
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downloads from government websites or teaching cases with an
authentic business context (Napier, 2018). During the last third
of the semester, students apply what they have learned to
complete a Data Challenge project. Romanow et al. (2020)
describe progressive improvements to this BI course over four
semesters (Spring 2017, Summer 2017, Fall 2017, Spring
2018). The pre-COVID student engagement techniques include
frequent in-class assignments, group formation, and discussion.

In Spring 2020, the BI course began as usual but, by early
March, it was evident COVID-19 would disrupt face-to-face
instruction. On March 10, 2020 the School of Business
organized an emergency training session for faculty that
included two online instructional technologies: (i) Kaltura to
record online lectures and (ii) Blackboard Collaborate for
synchronous online collaboration. These tools were integrated
into the learning management system (D2L) and adopted by
many business school faculty. In-person classes were
suspended the following week, and faculty scrambled to
acclimate to the new online environment. During the course
adaptation process, the instructor introduced the flipped
learning pedagogical approach (Swart & MacLeod, 2020),
while maintaining the assignments, groups, and class
discussions. Due to the mixed modality of Spring 2020, data
from this semester is excluded from this study. During-COVID
data is included in this study and is from the Fall 2020 and
Spring 2021 semesters.

This paper is unique and provides an important contribution
to the existing literature by describing a rigorous empirical
longitudinal analysis of BI skills attainment across pre- and
during-COVID environments. It describes how the flipped
learning pedagogical approach facilitates the shift to emergency
remote teaching (ERT), which refers to the rapid change from
face-to-face to online teaching and learning (Hodges et al.,
2020). The during-COVID semesters studied in this paper occur
at a time when masks are mandated, vaccines are not yet widely
available, social distancing is required, and both parents and
students are reluctant to gather in public settings. We examine
the shift to ERT using the following research questions:

e RQIl: What student engagement techniques are
effective for BI skills attainment?

e RQ2: How does adopting a flipped learning pedagogical
approach during ERT affect BI skills achievement?

In the remaining sections of this paper, we present the
relevant literature, describe our focal BI course, and summarize
how it was adapted in response to the pandemic. We then
introduce the research model, share empirical results, and
analyze our findings. We conclude with lessons learned and
suggestions for further study.

2. LITERATURE REVIEW

In this section, we discuss the three student engagement
techniques used to meet the course objectives: in-class
assignments, group formation and discussion. We then describe
the contrasting pedagogical approaches used in the class before
and during the pandemic. Before COVID focuses on in-class
lecture with active learning; during COVID, changes to a
flipped learning approach with continued use of in-class
assignments, group formation and discussion techniques.

2.1 Student Engagement Techniques

In-class assignments actively engage students in the learning
process while the teacher and peers are available to provide
support. Such engagement by design activities is fundamental
to active learning. In the course, students individually and
collaboratively select large datasets (Anderson et al., 2014);
extract, transform, and load (ETL) data into data models
(Chiang et al., 2012); analyze data, create dashboards, and
consider the strategic use of BI applications (Gupta et al.,
2015); and communicate their findings orally and in writing
(Anderson et al., 2014). Incorporating these problem-solving
activities helps students achieve higher-order thinking and an
open and relaxed environment reduces barriers to learning
(Riordan et al., 2017).

Group formation allows students to engage in collaborative
and cooperative learning (Johnson et al., 1998; Prince, 2004;
Strayer et al., 2019). In collaborative learning, student work is
evaluated in small groups, whereas in cooperative learning
students are evaluated individually (Johnson et al., 1998;
Prince, 2004). These approaches include incentives to promote
social learning rather than competitive and individualistic
learning (Prince, 2004; Strayer et al., 2019). Studies indicate
teamwork, both collaborative and cooperative, enhances
student motivation (Dadach, 2013) and increases student
achievement (Johnson & Johnson, 1989). Students in high-
collaboration teams are typically also more satisfied with their
learning experience than those in low-collaboration teams
(Napier & Johnson, 2007). This focus on teamwork is
especially important within the information systems (IS)
discipline. Topi (2019) describes IS as a collaborating
discipline in which collaboration and teamwork are core
competencies for IS education. In addition to technical skills,
Wixom et al. (2014) found that communication is a highly
desired skill sought by employers when making BI/BA hiring
decisions. BI courses help students develop both technical and
communication skills by teaching them to become data-driven
decision makers in a collaborative environment (Jeyaraj, 2019).

Communication skills are further developed in this course
using discussion as an additional student engagement
technique. Discussion supports the development of
communication skills and has been effectively used in both
traditional and online courses (Brookfield & Preskill, 2005).
Discussion has several benefits. For example, Goh et al. (2020)
found that adding an online question and answer discussion
before team-based exercises enhances both student engagement
and content comprehension. Discussion has also been found to
promote an enriched understanding across class participants
(Eeds & Wells, 1991), helping them learn new concepts and
preparing them for independent learning (Mercer & Howe,
2012). Discussion prompts students to reflect on what they are
learning, maximizing the inherent benefits (Lewis & Williams,
1994). Although described as important for student learning,
discussion has been an underutilized technique in the classroom
(Mercer & Howe, 2012).

2.2 Contrasting Pedagogical Approaches

As discussed in the prior section, to facilitate student learning
before the pandemic, the instructor utilizes an active learning
approach. Once it became necessary to transition the course
online, the instructor adopts a flipped learning pedagogical
approach while continuing to include the in-class assignment,
group formation and discussion student engagement activities.

100


https://doi.org/10.62273/NOBF5942

Journal of Information Systems Education, 35(1), 99-111, Winter 2024
https.//doi.org/10.62273/NOBF 5942

Learning to collaborate effectively in a team environment is
enhanced by active learning pedagogies (Conduit et al., 2017),
while active learning engages students in the learning process
(Prince, 2004).

The flipped learning pedagogical approach facilitates
increased collaboration time during class by moving the lecture
portion outside of class time. It is a blended learning
instructional strategy (Rasheed et al., 2020) in which the initial
presentation of material is done prior to class, and class time is
used to synthesize and apply the subject matter (Olitsky &
Cosgrove, 2016). Using this approach, students receive in-class
individual learning assignments that replace the lecture
component of classroom instruction. Time allocated during
class is focused on applied activities that involve collaboration
and interaction (Mok, 2014). A meta-analysis of the literature
performed by Strelan et al. (2020) shows the flipped classroom
approach has a moderate positive effect on student performance
due to the opportunity for students to engage in structured,
student engagement activities and problem solving. Swart and
MacLeod (2020) find that the flipped learning pedagogical
approach is effective for online analytics courses, yielding
equivalent student satisfaction scores when compared to face-
to-face flipped courses.

Van Alten et al. (2019) studied 114 meta-analysis that focus
on the effects of Flipped Learning on learning outcomes and
student satisfaction, and document mixed results. While a
flipped approach is associated with a small positive impact on
learning assessments, student satisfaction and perceived
learning outcomes are not significant. Positive and significant
learning assessments are found in contexts in which quizzes
precede a short summary lecture, followed by active learning
exercises (Van Alten et al., 2019).

Ezeh et al. (2023) conducted a meta-analysis on the
literature focused on the impact of flipped learning on learning
outcomes in college level STEM classes. Again, they find
mixed results, with some studies reporting no statistical
differences between traditional face-to-face and flipped
modalities, while other meta-analysis demonstrating
statistically significant improvements with a flipped approach
(Ezeh et al., 2023). Positive outcomes associated with a flipped
approach favor contexts in which pre-class video lectures are
made available to students with pre-class assignments then
reinforced by collaborative in class activities (Ezeh et al.,
2023).

3. BI Course

In this section, we provide more detail about the BI course that
is the focus of this study. We begin by describing the course
fundamentals, which remain constant throughout all six
semesters of the study: major topics, software used, and major
assessments. The next sections describe the pre-COVID in-
person course design, the Spring 2020 shift to ERT, and the
during-COVID online flipped course design.

3.1 Course Fundamentals

3.1.1 Overview. The BI course is required for students seeking
a Bachelor of Business Administration (BBA) degree with a
concentration in Management Information Systems (MIS) and
for students earning the Business Intelligence for Managers
certificate. This junior-level course is designed to be an
accessible elective for all business majors and is popular among

students in the Supply Chain Management concentration.
Course topics include big data, technology changes enabling
BI, reports and visual analytics including data warehousing, BI
front-end tools, data analytics, and data quality. These topics
are consistent with the suggested four pillars of analytics
curriculum: data preprocessing, storage, and retrieval;, data
exploration; analytical models and algorithms; and data product
(Kang et al., 2015).

3.1.2 Software Tools. Faculty considered software capability,
ease of use, availability, and cost to determine which software
to incorporate in the course. Since the introductory course in
MIS is a prerequisite, students who enroll in the course are
expected to have at least intermediate level MS Excel skills.
Some students also have novice-level SQL database skills and
may have completed additional undergraduate technical
coursework.

The three primary software tools used in this course are
Power Pivot, Power BI, and Smart PLS 2.0. Power Pivot is an
Excel add-on used to transform data into data models. While
the functionality mirrors the capabilities contained in MS
Access, the MS Excel extension eliminates the need to import
data in and out of Access to share data, charts, and graphs with
colleagues. Power BI provides dashboard functionality to
support the creation of multiple visualizations using Excel data.
Pre-COVID, the dashboard visualization tool used was Power
View, an Excel add-on that allows students to build on their
existing knowledge of spreadsheet software. As this product
was discontinued in 2021, the course was changed during
COVID to use Power BI Desktop, a free download that offers
expanded functionality. Figure 1 provides an illustration of a
dashboard created by a supply chain management student using
the Power BI desktop tool. Smart PLS 2.0 was a free,
regression-based structural equation modelling (SEM) software
that combines an intuitive visual interface with robust
bootstrapping capabilities. It is well suited for exploratory
research (Hair et al., 2019). It is particularly useful for big data
applications that focus on prediction, require complex models,
and have less emphasis on theory confirmation (Rigdon et al.,
2017). These three tools provide students with a cohesive
skillset for BI analysis that they can continue to use both in the
classroom and in the workplace.

| 2012 Transportation |
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Figure 1. Power BI Desktop Dashboard
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3.1.3 Major Assessments. Major assessments in the course
consist of two exams, 14-20 in-class assignments (ICAs),
homework assignments, and a Data Challenge final project.
Exams have both a conceptual and application piece. On the
conceptual part, students answer multiple choice and short
answer questions on topics. On the application component,
students are given a sample data set to analyze using one of the
software tools. ICAs frequently feature step-by-step directions
on how to complete tasks within the BI software tools. Between
30-45 minutes of each class is dedicated to providing additional
practice for students to reinforce skills or introduce new topics
that will be further covered in class.

The Data Challenge is the culminating assignment of the BI
course and requires students to apply all of the skills they have
learned in a new context. The assignment is designed as a co-
operative learning experience with significant individual
components required before students work with a partner
(Riordan et al., 2017; Stefanou et al., 2012). Working as
“citizen data scientists” (Gartner, 2017), students independently
research questions of interest, find relevant publicly available
data sets, create a data dictionary table, and perform data
transformations. Following are two examples of students’
research questions and data sources:

e Does university level average family income, family
financial aid, and average incoming SAT scores predict
ten-year alumni salaries? Data sources: US Department
of Education College Scorecard

o [s there is a correlation between the number of COVID
vaccinations administered in the country, the country’s
GDP, and the number of Internet users in the country?
Data sources: https://www.kaggle.com/gpreda/covid-
world-vaccination-progress

During the final weeks of class, students, in pairs, combine
their research questions and data into a single research project,
prepare a final summary report, and present findings in a six-
to-eight-minute presentation.

3.2 Pre-COVID Course Design

The original design of the BI course is face-to-face, in-person
instruction. Over the course of four semesters (Spring 2017,
Summer 2017, Fall 2017, and Spring 2018), the instructor
develops numerous “engagement by design” elements (Riordan
etal., 2017) in response to student feedback and the instructor’s
desire to improve student learning. As summarized in Table 1,
the progressive implementation of course design elements
include the introduction of classroom discussion, the formation
of semester-long teams, and adjusting the number of ICAs.
Over the six semesters, more than 95% of the students who
registered completed the course, and their results are included
in our analysis.

Spring 2017 is a baseline for the course design. The
instructor lectures and introduces skills during class time.
Students are assigned individual, in-class assignments to
practice their skills. There is no deliberate focus on
incorporating peer-to-peer interaction via discussion or teams.
If students have questions, they primarily seek assistance from
the instructor or occasionally ask the person sitting next to them
for help. This one-on-one approach limits the number of
students that can reasonably be helped solely by the instructor
during the class period, leaving some students frustrated.

Term | DISC | Teams Flipped Class | # of

# Size ICAs

Pre-COVID, In-Person, Lecture, ICA release after lecture

1| Spr No No No 35 14
2017

2| Su Yes No No 12 14
2017

3| Fall Yes Yes No 28 17
2017

4| Spr Yes Yes No 33 20
2018

During-COVID, Online, Kaltura video lecture, early release

of ICA

5| Fall Yes Yes Yes 32 17
2020

6| Spr No Yes Yes 31 17
2021

Table 1. BI Course Engagement by Design Techniques

In Summer 2017, the instructor adds full-class discussion
as an additional way of actively engaging students and requiring
them to reflect on their learning. This approach is adapted from
the Brookfield and Preskill (2005) book Discussion as a Way
of Teaching. Sometimes students are asked broad questions
about the course (e.g., “What did we discuss last week?”’); other
times, discussion questions are more focused (e.g., “What did
you learn from the assignment that stuck out to you?””). While
working on the Data Challenge, students are encouraged to
share their group’s progress, as well as any challenges
encountered. The class actively engages as a whole to improve
the evolving projects. Since the class size decreases from 35 in
Spring 2017 to 12 in Summer 2017, the instructor is able to
adopt a seminar style, often arranging seats in a circle to
facilitate communication. Students then have an opportunity to
use Bl jargon in a supportive environment and to reinforce their
own learning while helping others.

During Fall 2017 and Spring 2018, an increase in class size
renders the seminar style impractical; however, the instructor
still wants the students to have the benefits of group discussion.
To accomplish this, team formation is added to the course
design. Based on guidance from Brookfield and Preskill (2005)
on creative grouping, students are assigned to four or five
person teams based upon their technology skillset. During the
first day of class, students assess their knowledge of several
technologies used in the class: PowerPivot, Power View,
infographics, SQL, and Access. The instructor then forms teams
with a mixture of high and low skillsets. These semester-long
teams are used in multiple ways during class time. For example,
the instructor asks students to break into their teams to discuss
concepts and issues for several minutes, then the class
reconvenes to engage in a broader discussion. Students
completing in-class assignments (ICA) and the Data Challenge
project are able to turn to team members for assistance rather
than relying solely on the instructor. As a consequence of
incorporating this approach, the instructor is able to cover
additional material and to introduce three new ICAs.

3.3 COVID-19 Transition
In March 2020 the campus abruptly ceased face-to-face
instruction for the remainder of the Spring semester in response
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to the COVID-19 pandemic. For many students and faculty at
the institution, this became their first exposure to online
instruction and learning. During the ERT faculty rapidly learn
to use and incorporate software tools into their courses to
support online learning. Collaboration software (MS Teams),
synchronous web-conferencing tools (Blackboard Collaborate),
and lecture capture software (Kaltura) are the tools that were
available and these are new to most faculty at this institution.
To complete the semester, during a 3-week institution-wide
preparation period, the instructor prepares the remaining
lectures using Kaltura, a tool integrated into the class Learning
Management System (LMS) Desire to Learn (D2L). Since the
class delivery method is fractured mid-term, Spring 2020
student performance results are not included in this study’s
empirical analysis.

3.4 During-COVID Course Design
By Fall 2020, the institution begins offering more courses with
some in-person component; however, the BI course continues
to be taught synchronously online. For the instructor, this
causes a reconsideration of which pedagogical techniques have
the potential to be most effective with the new online course
delivery method. The during-COVID course design is fully
developed and implemented by Fall 2020, most elements of the
course remaining unchanged. Team formation continues as a
peer-to-peer engagement strategy. Homework assignments and
the Data Challenge continue as in previous semesters. Online
discussion continues during Fall 2020, but since students opt to
mute their microphones and cameras, it is abandoned in Spring
2021.

The largest change begins in Fall 2020 and is the adoption
of a flipped learning pedagogy. This significantly increases the
preparation students must do prior to class. Students are

expected to watch a Kaltura video and review slides in lieu of
an instructor’s lecture. Often, they are also given a sample data
set to supplement the homework exercise to practice the skills
presented. One day before class, the ICA is opened by the
instructor via the course’s learning management system (LMS).
Students then have the opportunity to review the next day’s ICA
ahead of time and identify any questions they have.

During the synchronous online portion of the class, the
instructor begins with a 15-20 minute overview of common
assignment issues from the prior week, reviewing concepts, and
answering questions. Students then meet in online breakout
groups using a collaboration tool (MS Teams, Zoom, etc.) to
complete the ICA. Students who complete their ICA before
class are encouraged to help others in the group. Attendance is
required for students to receive a grade for the ICA. During the
group breakout time, the instructor remains available for
consultation within Blackboard Collaborate, but groups are
encouraged to solve problems on their own. Students rejoin the
entire class at a time set by the instructor.

4. RESEARCH MODEL

The research model indicates the investigated impact of
structured group formation (GRP), during-COVID flipped
classroom design (videos prior to class-time), active learning
in-class assignments (ICA), and in-class discussion (DISC) on
student skills attainment. Student completion of homework
assignments (HMWK) is used as a control. Construct
definitions and informing sources are outlined in Table 2.
Figure 2 provides an overview illustration of the research
model. We hypothesize that each of the student engagement
techniques and the flipped approach will impart a positive effect
on SKILLS.

HMWEK
(Control)

B2

H1: GRP < ca;  By=0
H?: GRP = nisc;  Bo>0
H1: GRP = sknis; B3>0

H2: FLIPPED = SKILLS; Ba=0
H3: ICA 2 SKILLS; Bs=0
[14: DISC = SKILLS: Be=0

Figure 2. Research Model
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Construct Acronym Measures Informing Sources
Team GRP Full semester group formation shifting focus from Active learning in small groups
Formation instructor to the group for assistance during ICAs (Brookfield & Preskill, 2005;
e Binary score of 0 or 1 Conduit et al., 2017)
In Class ICA Sum of successful individual level cooperative and/or Active learning (Prince, 2004;
Assignments collaborative ICAs Riordan et al., 2017; Romanow et
o Total # assignments completed al., 2020; Strayer et al., 2019)
Discussion DISC Group reflective discussion on assigned topics to Reflective discussion to improve
reinforce key BI learning covered in prior week ICAs comprehension (Brookfield &
e Binary score of 0 or 1 Preskill, 2005; Dudley-Marling,
2013; Goh et al., 2020)
Homework HMWK Sum of individual level homework assignments Traditional pedagogical approach
Assignments completed (Control)
e Total # assignments completed
BI Skills SKILLS Formed by 3 BI skills total score 0-3 Business intelligence pillars of
Primary table joined with two or more tables = 1 One analytics learning categories (Kang
join = 0.5 No joins =0 et al., 2015; Mills et al., 2016).
Four or more visualizations = 1. Two charts = 0.5
PLS-SEM regression with significance. NS = 0.5
Flipped FLIPPED Remote learning post-COVID Kaltura video lectures Instructional material is delivered
Classroom introduce new skills a priori. Active learning in class prior to class (Olitsky & Cosgrove,
exercises enabled by Blackboard Collaborate 2016; Rasheed et al., 2020)
e Binary score of 0 or 1

Table 2. Independent and Dependent Variables

4.1 Dependent Variable

The dependent variable for this study is BI Skills (SKILLS).
End of term assessment of SKILLS is captured through three
distinct BI capabilities as demonstrated in their final data
challenge report. Each student is rated on a score from zero to
three based on the following skills:

e Capability 1: Demonstration of two or more table joins,
and use of the related command,

e Capability 2: A Power View / Power BI desktop
dashboard which incorporates four or more
visualizations, background changes, text boxes; and,

e Capability 3: Use of Smart PLS structural equation
modeling (SEM) to demonstrate and then articulate
meaningful and significant associations across their
chosen data sets.

Capability 1 requires students to join tables in a Power Pivot
model using one primary and two or more secondary tables.
Creating a data model that utilizes relational database
techniques is a primary BI skill. Capability 1 for each data
challenge submission is scored as a zero, 0.5, or 1. To evaluate
a successful table join, the instructor uses diagram view to
ensure the key fields match data types, and that the data is
leveraged using the related command to transfer data from the
dimension tables into the primary tables. If only one successful
table join is observed the skill is rated a 0.5. Two or more
successful table joins increases the score to a 1.0. Since students
use their own data sets to create a successful join, they often
transform their data using filters, or concatenations, to
summarize and adapt their data to achieve a many-to-one
relationship. The necessary transformation skills are acquired
throughout the term while completing ICAs.

Capability 2 is evaluated by Power View/Power BI desktop
dashboards generated by the students. The Power View/Power
BI desktop dashboard provides students with the ability to
create an interactive, visually attractive representation of their

data to convey a story. For instance, users can select then drill
down on a geographic region (state) while the audience sees the
simultaneous impact of the selection on the other four or five
visualizations in the dashboard. When related images are
incorporated with data driven visualizations such as heat maps,
graphs, and pie charts, the dashboard comes to life as an
interactive infographic well suited for story telling with data.
Including a base Power View/Power BI desktop dashboard adds
0.5 to the student level SKILLS score. Power View/Power BI
desktop provides functionality to improve the visual appeal of
the dashboard beyond the standard output. In addition to the
base score, we add 0.25 for improvements to the dashboard
appearance such as highlighted titles varied fonts, background
changes, text boxes and the addition of topic related images.
Finally, the instructions require that all student dashboard
submissions include four or more interactive visualizations
(charts, tables) and we increment their Capability 2 score by .25
for meeting or exceeding this deliverable.

Capability 3 requires a three-step review of the presentation
and final Data Challenge report for analysis and interpretation
of their PLS SEM regression results. The preparation and
successful loading of their data into a Smart PLS model is
extensive, so any model output included in their report adds 0.5
to their composite SKILLS score. Second, we evaluate the
plausibility of the conceptual model to ensure that their
associations are neither axiomatic or spurious, such as gender
predicting pregnancies or NFL quarterback passer ratings
predicting crime. If their model leverages their data to answer
pre-determined research questions in a reasonable manner, then
0.25 was added to their composite SKILLS score. Third, each
model requires students to run at least 1000 bootstrap samples
to generate student T estimates and their corresponding p values
based on the sample size in their data set. If the results are
significant, we add an additional 0.25 to their SKILLS score.
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4.2 Independent Variables and Controls

Our independent variables consist of the student engagement
technologies and pedagogical approaches used in the class over
six semesters. We operationalize the student engagement
techniques group formation (GRP) and reflective discussion
(DISC) as binary variables (0 or 1) based on the introduction or
phase out of the technique as shown in Table 1. We capture the
number of ICAs each student successfully completed over the
term (ICA). Over time, the number of ICAs rose from fourteen
to twenty, with additional assignments focusing on reinforcing
SKILLS. In the during-COVID period, ICAs that did not
positively impact SKILLS are dropped when the academic
calendar was shortened by two weeks for Fall 2020 and Spring
2021. The FLIPPED variable indicates instruction using a
flipped classroom pedagogical approach with lectures pre-
recorded using Kaltura videos accompanied by practice files
and problems to support the videos. The flipped classroom
variable is operationalized in binary form (0 or 1). Finally, as a
control variable, we include the number of homework
assignments each student is expected to complete (HMWK).
Table 1 provides additional details about each measure and
informing sources.

4.3 Analysis

For analysis, we use a PLS-SEM regression software tool
named Smart PLS 2.0 (Ringle et al., 2005). PLS-SEM is a
second-generation statistical technique that is becoming widely
used in exploratory research, as it is appropriate when sample
sizes are small (n <200) (Kline, 2015) or very large, and models
incorporate newer key target constructs such as SKILLS (Hair
et al, 2019). Smart PLS incorporates bootstrapping in
calculating its standard error estimates for significance
determination, which supports fewer distributional assumptions
than other similar software (Gefen et al., 2011). In addition to

reflective survey measures, which are usually crafted to confirm
awell-developed theory, PLS-SEM permits the unrestricted use
of single-item (Group, ICA, Discussion, Flipped, Homework)
and formative (SKILLS) measures (Hair et al., 2014). PLS-
SEM allows the researcher to analyze models using many
different data configurations (reflective, formative, secondary)
which is particularly beneficial in big data applications (Rigdon
etal., 2017). Students in the focal BI class use the data collected
in this study to learn Smart PLS, reinforcing the pedagogical
approaches we have chosen, and students then use the same
well suited tool (Rigdon et al., 2017) for their data challenge
projects - often with very large data sets.

5. RESULTS

We use a Smart PLS 2.0 SEM analysis with 1,000 bootstrap
samples to test our research model. PLS-SEM does not assume
that the data are normally distributed, and applies
nonparametric bootstrapping (Hair et al., 2011). Bootstrapping
is a technique that involves repeated random sampling with
replacement from the original sample to determine standard
errors for significance testing (Hair et al., 2011; Streukens &
Leroi-Werelds, 2016). We follow the PLS-SEM reporting and
analysis guidelines prescribed by Gefen et al. (2011) and Hair
et al. (2019).

We report standardized path coefficients, standard error (in
parentheses), and significance of each path in Figure 3 and in
Table 3. It is not necessary to control for instructor because the
same professor taught all six sections of the course included in
the analysis. We include individual student completion of
homework assignments (HMWK) as a control, but do not find
a significant effect on SKILLS as HMWK > SKILLS = .125
(.090) NS.

0.500 (.063) ***
RI=10.250

0.338 (.097) ***

HMWK
{Control)

0.125 (.090) NS

SKILLS

0.234 (.067) ***

0.475 (.042) ***

" 0.072 (059) NS

=—> Significant path coefficient * p<ll

* p<(s

-=======¥ Non- significant path coefficient seep e 0]
NS Not signaficant

R*=0.553

Figure 3. Structural Model Estimation Results
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Main Effects T ValueResults IResearch Question[[—lypothesis Confirmed|
B1: GRP 2ICA 7.868 1.500 (.063) *** RQ1 Yes
B2: GRP  [2DISC [10.651 |.475 (.042) ***RQ1 Yes
B3: GRP >SKILLSR.792  |.234 (.067) *** RQI Yes
B4: FLIPPED|>|SKILLS#.228 |.308 (.072) *** |RQ2 Yes
pS5: ICA >|SKILLSB.406 |.338 (.097) *** [RQ1 Yes
B6: DISC —>[SKILLS|1.155 |.072 (.059) NS [RQI INo

DISC R? 225

ICA R? 250

SKILLS R? .553

Controls T ValueResults
HMWK  [DISKILLS[1.355 [125 (.090) NS

1.Standardized coefficients are reported; standard errors in parentheses.
2.%**%p < 01, **p < .05, *p < .10, NS: Not significant.

Table 3. Structural Model Estimation Results

5.1 Effective Student Engagement Techniques

RQ1 asks “What student engagement techniques are effective
for BI skills attainment?”” Based on the SEM results shown in
Table 3, group formation and in-class assignments are both
effective while discussion is not. Testing for the effect of DISC
on SKILLS (B6 = .172, p > .10 NS) indicates that discussion
does not yield a significant effect on SKILLS. Further
elaboration on our observations is included on the following
subsections.

5.1.1 Group Formation. Group formation as a means to
provide students with a support mechanism throughout the
semester is a positive and important factor across modalities of
instruction supporting BI skills attainment. Our results find that
GRP has a strong positive and significant association with the
number of ICAs successfully completed by each student during
the semester (ICA) (B1 = .500, p < .01). All reported path
coefficients are standardized so, when controlling for other
constructs in the model, for every one unit increase in GRP, we
find a corresponding .50 increase in ICA. By forming groups at
the beginning of the semester and requiring students to problem
solve together, the instructor is able to introduce additional
ICAs designed to reinforce SKILLS attainment. It is important
to highlight that, during COVID, the number of available ICAs
is reduced from 20 to 17. The decline is not due to the modality
of instruction but instead due to a reduction in the school term
by two full weeks.

Our results also find that GRP provides problem solving
support on (ICA) but also has a strong and significant direct
effect on SKILLS (B3 = .234, p <.01). These empirical results
clearly indicate that semester long group formation (GRP) has
a positive and significant association with SKILLS that holds
across pre-COVID and during-COVID modalities.

5.1.2 In Class Assignments. Our results also find that
increased levels of ICA are positively associated with SKILLS
(B5 = .338, p < .01). ICAs relied on scaffolding from earlier
assignments completed as homework or during class. Lectures
introduce new BI functionality, either in class face-to-face or
through Kaltura videos. Thus, each in-class assignment is a
composite of new skills and a reinforcement of previously
covered skills. For RQ1, we find strong support for the

proposition that the in-class assignment component of active
learning has a positive impact on BI skills attainment across
modalities. In fact, we also discovered that cooperative and/or
collaborative completion of in-class assignments (ICA) is the
strongest predictor of SKILLS in our model.

5.1.3 Interaction Effects. We also find that GRP is positively
and significantly associated with DISC (B2 = .475, p <.01). By
allowing students to discuss topics first within their small
groups, more students participate in class-wide conversations in
which it is common for only a few dominant students to voice
their opinions. For disclosure purposes we do not empirically
capture the quantity and quality of student-led discussions but
instead measure this construct using the semester in which
discussion-based activities are systematically introduced.

Next, we test the mediated effects of GRP on SKILLS
through ICA and discussion (DISC). Our results indicate that
the impact of GRP on SKILLS is partially mediated through
ICA. To confirm the mediated effects of GRP on SKILLS
through ICA, we incorporate a product-of-coefficients test, as
prescribed by Preacher et al. (2007), which utilizes our 1000
bootstrap samples to estimate the standard error. Unlike earlier
mediation tests such as the Sobel test (Baron & Kenny, 1986),
the product-of-coefficients approach does not require
distributional assumptions (Preacher et al., 2007). We find that
the mediated effect is positive and significant (¢ = .049, z' =
.166, p < .01), thus suggesting that the impact of GRP on
SKILLS is partially mediated through ICA. Given that the
effect of discussion (DISC) on SKILLS is non-significant, we
forego the product-of-coefficients test of GRP on SKILLS
through DISC.

5.1.4 Impact of Flipped Learning During the Pandemic.
Finally, to answer RQ2, “How did adopting a flipped learning
approach during the pandemic affect BI skills achievement?”
we empirically test the impact of FLIPPED on SKILLS. Results
indicate that providing Kaltura videos of all lecture material
ahead of a synchronous remote Blackboard Collaborate session
is positively and significantly associated with SKILLS (4 =
308, p <.01). We find strong support that flipped learning has
a positive impact. Compared to earlier face-to-face sessions
pre-COVID, the flipped classroom approach during-COVID
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results in higher SKILLS as demonstrated anecdotally by the
student presentations and empirically using final Data
Challenge reports.

As a robustness test, we also perform a difference of means
test to evaluate the effect of FLIPPED during-COVID on
student BI skills achievement. Since we have unequal samples,
we use the Welch’s T test (Welch, 1947), which uses the mean,
standard deviation, and sample size of the total SKILLS score
for each student prior to COVID (X = 1.654, 6 = 0.964, n = 99)
and compares these to the equivalent total SKILLS statistics
after COVID (¥ =2.619, 6 =0.686, n = 63). We find that t = -
7.386, p < .001, confirming that the flipped learning
pedagogical approach is significantly and positively associated
with higher SKILLS attainment.

6. DISCUSSION

In summary, the COVID-19 pandemic ERT for the BI course
includes a transition from a face-to-face classroom learning
environment with in-class lectures to an online flipped
classroom pedagogical approach that maintains ICA’s, groups,
and discussion as active learning student engagement
techniques. This ERT has created a unique opportunity to
rethink the course design and innovate using instructional
strategies that are well-suited to online learning. In this section,
we share four lessons learned from our study and provide
insights other instructors may find helpful.

6.1 Lesson 1: Rethinking Groupwork

Incorporating in-class assignments using a group-based
approach is highly effective in both traditional face-to-face and
online modalities. Consistent with the literature, we find that
collaborative and cooperative in class activities improve student
learning outcomes (Johnson & Johnson, 1989; Romanow et al.,
2020); however, we use different approaches in each delivery
mode.

In the traditional face-to-face version of this course, the
instructor introduces new skills and concepts through lecture
before releasing the in-class assignment for students to work on
for the remainder of the class. The delay in assignment
availability encourages students to listen carefully to the lecture
and note common problems and pitfalls before starting the
assignment. To encourage peer-to-peer interaction, students
with questions are required to first consult their group members.
The instructor engages with the group to facilitate problem
solving only after all group members’ ideas are exhausted.

In the online version of this course, instructional videos and
PowerPoint slides are released a week in advance and ICAs are
released the day before class. This pre-class preparation is an
important tenant of flipped learning, which allows students to
fully participate during class time (Rasheed et al., 2020). This
effectively seeds the class with a sprinkling of very well-
prepared students who are able to serve as mentors to their
peers. During class, students still meet in groups to complete
the in-class assignments, using primarily other group members
for assistance, but involving the instructor if needed. After the
designated group time, students return to the full class session
for wrap-up discussion.

Interestingly, the instructor anecdotally observed that both
delivery methods are effective and support BI skills attainment,
but in different ways. Students in traditional instructional
settings benefit from quicker response time to questions with

fewer constraints, as well as easier access to troubleshooting
assistance on assignments either from the instructor or other
group members. Students in a flipped online class have more
access to supporting lecture materials, along with captioning
that can be reviewed well before the synchronous online
session.

6.2 Lesson 2: Combatting Disengagement
In an online flipped environment, some students struggle to
remain engaged inside the virtual classroom. In a flipped online
environment, it is critical for students to be engaged,
independent learners (Dick, 2021). Yet, it is challenging to
always capture students’ attention during virtual class meetings.
In some cases, students engaged in multitasking during virtual
classes in a way that might not have been possible in a
traditional in-person course. For example, students are able to
simultaneously log into a class session while they are doing
other cognitively or physically demanding activities (driving,
working, exercising, attending to children, etc.). Some students
may simply log into the class then walk away from the screen.
To encourage active engagement, the instructor needs to set
clear expectations as to what constitutes attendance. This might
include requiring students to keep their cameras on,
emphasizing that class sessions may not be recorded, and/or
incorporating frequent low-stakes interactive polls.
Occasionally, technical factors thwart engagement. During
the ERT, some students had intermittent problems with off-
campus Internet access. After receiving several complaints, the
institution designated locations where students could park their
cars to access free college Wi-Fi. Also, student-owned personal
laptops may not meet the minimum system requirements
needed to install BI software tools and process large data sets.
To address this issue, the institution studied drastically
expanding their laptop loaner program. Anecdotal comments
from students indicate that these programs are well received and
widely used, particularly in MIS courses. Instructors and
institutions need to ensure students can access the resources
necessary to be successful.

6.3 Lesson 3: Project Based Learning

The Data Challenge is an effective summative assessment that
allows students to apply skills learned in a new context and that
augments their portfolio. Yazici (2020) also found that project-
based learning is an effective approach for teaching business
analytics. With the Data Challenge project, students are
exposed to the limitations and “messiness” of real-world data.
While many students are adept at following step by step
instructions to build their comprehension of the BI tool
functionality, for some, the application of these skills to real life
messy data proves difficult. In this course, working with a
partner, students select their own research questions and data
sources, choosing primarily among the more than two hundred
thousand government data sets at Data.gov. While students are
given specific guidelines and objectives to complete the project,
the permutations and combinations of data, research questions,
visualizations, and data models with acceptable outcomes are
infinite. The open-ended nature of a project can be initially
frustrating for students, but we found it is also a way to engage
many of them. The result is both a sense of accomplishment for
the student and a tangible artifact for their portfolio. Several
students reported discussing the data challenge project during
job interviews to illustrate their technical and analytical skills.
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6.4 Lesson 4: Online Class Discussion

The role of discussion in the online classroom needs to be
reconsidered. Although discussion in the in-person classroom
positively impacts BI skills attainment, the same impact was not
seen online. Student engagement during online discussion, as
observed by the instructor, appears effective. There are several
specific challenges. First, the use of online collaboration tools
for meetings and discussions has a learning curve. It takes time
to learn to effectively use tools like virtual hand-raising to avoid
interrupting, or posting in the group chat to ask questions or
make comments. Second, not all students have reliable high-
speed Internet access. Network lag times make discussion
challenging. Third, the first collaboration tool used (Blackboard
Collaborate) lacked robust support for breakout groups. For
instance, it did not support creation of persistent breakout
groups for an entire semester. This meant the instructor could
not easily exploit priming students for discussion by first
breaking them into small groups (Brookfield & Preskill, 2005).
Fortunately, since Spring 2020, when the pandemic forced us
into a new model of instruction, student and instructor
familiarity with online lecture delivery and collaboration tools
has increased significantly. Network capabilities are increasing
and being hardened against new threats, and new software is
improving and enhancing collaboration tools with support for
full-term breakout groups. Instructors now have new and
exciting opportunities for the enhanced use of discussion in
future online versions of their course.

7. CONCLUSION, LIMITATIONS, AND
RECOMMENDATIONS FOR FUTURE RESEARCH

This paper is a longitudinal study of an undergraduate BI course
over six semesters. The instructor implements a variety of
student engagement techniques including discussion, group
formation, and in-class assignments. A unique aspect of this
study is the inclusion of sample data focused on student
learning pre-COVID using an active learning pedagogical
approach, as well as during-COVID instruction augmented by
a flipped learning pedagogical approach. Given the tremendous
shock of emergency remote teaching (ERT), we were not able
to predict a priori which techniques would continue to be
effective. Our findings indicate that indeed there are
differences. Regression results indicate a flipped approach in an
online environment significantly improves skills attainment,
and group formation continued to enhance in-class assignment
completion and reflection. Unfortunately, discussion becomes
a less impactful student engagement technique in an online
environment. All six sections of the course analyzed in this
study are taught by a single instructor and data from all enrolled
students are included. Within the subject institution, this study
has both reliability and validity.

There are opportunities for future research. For instance, it
would be interesting to see whether similar and generalizable
results are observed and even amplified in other disciplines,
across sections taught by multiple instructors, and in courses
taught in large sections (>100 students). Future research is also
needed to explore the nuances of how to incorporate discussion
most effectively in an online instructional environment.

Several limitations of this study illuminate the need for
additional research. First, this study was conducted at an
institution where students and faculty tend to be more familiar

with and, particularly in the case of faculty, more biased toward
in-person learning. Initially, ERT techniques represented an
unfamiliar landscape; however, as the pandemic continued,
more faculty across the institution were using these techniques
and students became more adept at online learning. Future
research could study how these results change as our
institutional norms embrace online delivery. Future research
could also compare our results to those at institutions that have
a more established tradition of online learning.

Second, this study only considers the effectiveness of
student engagement techniques by looking at BI skills
attainment. Future research could consider students’
perceptions of the class and levels of engagement as well.

A final limitation relates to the teaching delivery modes.
Pre-COVID data includes only in-person learning. During-
COVID data includes both the ERT and a simultaneous shift to
flipped learning. Disaggregation of these simultaneous
changes, as well as including other modalities like HyFlex
(Howell, 2022; Kohnke & Moorhouse, 2021), all represent
opportunities for future research. Future research is needed to
better understand the implications for student learning and to
provide robust comparative analyses of the variety of delivery
methods now being offered to students. Although the ERT is
largely now behind us, the technology-enabled flexibility and
other perceived benefits of process and procedures introduced
during the pandemic will persist well into the future and require
further study.
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