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Abstract

This article examined the effect of designed conceptual, procedural, and metacognitive
scaffolding on team performance during an Enterprise Resource Planning simulation
(ERPsim) in the flipped classroom.The scaffolds were embedded in an ERPsim learning
unit within a flipped classroom to support student inquiry and team performance. The 120
participants in a randomized control group consisted of undergraduate students enrolled in
an introductory supply chain management class designed with flipped instruction. The
results revealed that the designed scaffolds had a statistically significant positive effect on
the team results during each quarter of the simulation. The results have implications for
instructors who use flipped instruction and for technology-enhanced learning environments
(TELEs). These results indicate that scaffolding substantially increased the performance of
teams. Although flippedinstruction is an engaging teaching methodology, offering students
additional scaffolding with flipped teaching can lead to better understanding of course
concepts.
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Introduction

Recent research studies discuss the value of flipped instruction for students. The framework of flipped
instruction benefits students as they can learn at their own pace outside of class and experience active
problem solving and hands-on learning in the classroom (Bergmann & Sams, 2012). When students are
engaged in an inquiry-based flipped classroom, challenge, and question activities lead the students to
actively participate in their learning (Aditomo et al., 2013; Kung & Kung, 2017; Simonson, 2017).

Despite the many learning opportunities provided by flipped instruction, the reality remains that
pedagogical methods for teaching within technology-enhanced and flipped instruction environments still
need to be researched and refined. The purpose of this study was to investigate the impact of scaffolding in
a technology-enhanced flipped classroom environment. Through this study, conceptual, procedural, and
metacognitive scaffolding and quantitative methods were used to determine the effects of the interventions
on team performance. Team performance was measured by evaluating the quarter results that are similar to
a business quarter where at the end of the quarter different metrics of performance are generated for each
team playing the ERPsim. The results were based on business performance indicators, such as cumulative
net income. Those teams with higher cumulative net income were considered to have performed better in
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ERPsim. The insights provided in this study should help researchers and instructors who seek to use
ERPsim with their students. The following research questions were analyzed:

e What is the effect of the designed scaffolding on the teams’ performance that play ERPsim?

o  Will the experimental group that receives scaffolding have a higher cumulative net income than the
control group who learn the simulation using traditional methods?

o Does removing (or fading) the scaffolding for the experimental group after the second quarter
increases the performance (cumulative net income) of the experimental group?

This paper defines flipped instruction and the ERPsim, examines the background for developing scaffolding
in technology-enhanced learning environments, explains the methodology and qualitative analysis, and
discusses the findings, conclusions, and recommendations for future research.

Flipped Instruction

The history of the Flexible Environments, Learner-Centered Approach, Intentional Content, Professional
Educators, Progressive Network Activities (FLIPPED), classroom began as early as 1993 when Alison
King proposed inverting the class to offer student-centered active learning (King, 1993). In 1997, Eric
Mazur developed peer instruction to move the integration of information into the classroom to allow the
instructor to coach student learning rather than lecture (Mazur, 1997). More research by Lage et al. (2000)
addressed students' different learning styles by creating an inclusive learning environment to flip the
classroom in undergraduate economic classes (Lage et al., 2000). Salman Khan used videos to allow
students to work at their own pace and review earlier recordings to master course content (Khan, 2012).
Khan Academy's use of these techniques has become aligned with flipped learning (Khan, 2012). Bergmann
and Sams (2013) developed the flipped master model and suggested that there is no one way to create a
flipped classroom (Bergmann & Sams, 2013). It is dependent on the instructor's styles of teaching and
support from the college or university. Most recently, flipped classrooms have extended internationally.
Bergmann and St. Clair Smith (2016) established the Flipped Learning Global Initiative with international
faculty providing support to schools worldwide with standard practices of delivering training using flipped
classrooms (Bergmann & St Clair Smith, 2016).

In this research study, a flipped classroom was used to motivate students to participate in collaborative,
hands-on activities using technology to learn concepts, apply knowledge, and solve problems. The
instructor assigns videos, quizzes, and practice activities outside of class to prepare for in-class problem
solving and learning (Bergmann & Sams, 2012; Kung & Kung, 2017). Based on previous experience with
scaffolding, classroom exercises were delivered to enable effective communication and feedback between
instructor and student (Chen et al., 2014). When an instructor flips the classroom, it is easier to monitor
student progress, encourage the application of course content, and assist students in learning lifelong skills
for future career success (Simonson, 2017).

Scaffolding Technology-Enhanced Learning Environments

Daniela et al., (2018) suggest that students are motivated and have the desire to use technology. However,
they require instructors that support their learning by providing meaningful use of technology via
scaffolding. This study utilized research on scaffolding to design conceptual, procedural, and metacognitive
scaffolds to facilitate student learning during ERPsim. These learning interventions aimed to guide students
to identify essential knowledge gaps between what they already knew and what they needed to know to
perform and maximize profit during the simulation successfully. Two general mechanisms are described
that characterize scaffolding tools (Reiser, 2004). The first characteristic was that software tools could
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scaffold student learning in much the same way as interactions with teachers and peers scaffold learning.
The second characteristic was that software tools change the way learners approach the learning task.

Conceptual, procedural, and metacognitive scaffolds were defined in 2011 (Kim & Hannafin, 2011):
Among scaffolding purposes, procedural scaffolds guide the student in addressing operational aspects of
the learning environment rather than investing cognitive resources in negotiating routine procedures and
navigation. Conceptual scaffolds help students identify essential knowledge gaps between what they
already know and what they need to know. They guide students' understanding of the problem content,
provide support to enhance students' understanding of the problem and related knowledge, and are gradually
faded as students negotiate the knowledge and skills needed to solve the problem. Metacognitive scaffolds
assist students in assessing their state of understanding, reflect on their thinking, and monitor their problem-
solving processes. (p. 408)

Kim and Hannafin (2011) identified critical issues for scaffolding solving problems in classrooms. Through
their research, Kim and Hannafin developed a framework that emphasizes "essential dimensions to be
considered when teachers scaffold student problem-solving in technology-rich classes" (p. 403). The
essential problem-solving activities are problem identification and engagement, evidence exploration,
explanation reconstruction, communication and justification of explanation, and revision and reflection of
explanation (see Figure 1).
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Figure 1. Framework for problem-solving inquiry in technology-enhanced classrooms
(Kim & Hannafin, 2011).

Seminal experts call for continued research and objective data collection into which scaffolds work best in
the actual classroom (Azevedo & Hadwin, 2005; Jacobson & Azevedo, 2008; Kirschner et al., 2006; Kim
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& Hannafin, 2011; Vygotsky, 1980). This study designed and implemented conceptual, procedural, and
metacognitive interventions in a TELE flipped instruction classroom.

ERPsim

ERPsim is a business simulation serious game that offers the opportunity to research students’ learning of
complex Enterprise Resource Planning (ERP) concepts through a business simulation. While participating
in ERPsim, students compete in teams and navigate an ERP system, SAP (SAP, 2021). ERPsim automates
tasks that do not depend on critical business decisions so that students can run the business by focusing on
executive decision-making skills such as sales, marketing, procurement, and distribution. The designers of
ERPsim at ERPsim Labs state that participating in the simulation would positively influence the learning
of Enterprise Systems Management concepts, understanding business processes, and improving skills
executing ERP transactions (Léger et al., 2011). ERPsim allows students a chance to revise strategy by
playing three different quarters. Thus, students are simultaneously gaining hands-on experience with ERP
technology and are solving problems in supply chain management concepts.

In another study of ERPsim, Cronan et al. (2012) concluded that several issues were involved in
successfully using ERP simulation games. A similar research study conducted by Cronan and Douglas
(2012) yielded positive responses from the participants when polled about their attitudes toward ERPsim.
However, Léger (2006) cautioned that students might need additional support during the simulation as they
face the many different challenges and varied scenarios presented in other ERP simulation games.

Some of the problems students encounter during ERPsim are significant and can cause cognitive overload
and stop team progress. In addition, the simulation interface is SAP, which can be intimidating to students
who have not been exposed to the system before playing ERPsim. However, ERPsim leads students step-
by-step to navigate and learn SAP through serious gamification.

As with many TELEs, students playing the ERPsim need to think and plan in a complicated integrated
way across traditional discipline boundaries. Students need to communicate and collaborate effectively in
their assigned teams, understand the individual job responsibilities, and react to changing business
realities in real-time scenarios. While ERPsim provided an innovative TELE experience of Enterprise
Systems and crossed-functional integration, students were frustrated and confused when they encountered
a variety of learning roadblocks during simulation play. At those times, teams required immediate
assistance.

Methodology

This study investigated whether using current research on employing designed scaffolds to support students
when they encounter these challenges in a technology-enhanced learning environment (TELE) increased
the teams’ performance that play ERPsim. Conceptual, procedural, and metacognitive scaffolds were an
integral part of the instructional design for the experiment group. The success of these scaffolds in
increasing the team performance was compared between experimental and control groups by evaluating the
quantitative results at the end of each quarter of the ERPsim student teams played.

The course, Introduction to Industrial Supply Chain Management Technology, was a flipped instruction
sixteen-week course at a Midwestern research university. IRB approval was obtained from the institution.
This course was designed as a flipped instruction model where lectures and course content are viewed by
students online before attending class. A brief introduction to ERPsim was given during the second week
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of the semester. The introduction focused on the importance of student understanding of ERP systems and
ERPsim for supply chain management candidates as they look at their future careers.

The students in this study were undergraduate students who consisted of freshmen through seniors. Both
the control group and the experimental group consisted of 60 students for a total of 120 participants in the
study. Each section was comprised of 12 randomly assigned teams. While students played ERPsim, they
were placed in randomly assigned teams of five participants. The students remained on the same team for
the duration of the study to answer the guiding research questions.

Both the experimental and the control group played three business quarters of the ERPsim Distribution
Game. Following the flipped instruction format, the students were required to watch a training video before
class. Due to the importance of the content discussed in the training video, both groups viewed the video in
class before quarter one of the ERPsim. Both groups participated in the instructor-led discussion of concepts
of ERPsim for 10 minutes at the beginning of class, were given 15 minutes to strategize, and then played
ERPsim for 20 minutes. For both the control and experimental groups, ERPsim lasted for 60 simulated days
and split into three business quarters of 20 days each. The pace of the simulation was 20 minutes for each
quarter or one-minute per simulated day.

The control group followed the traditional format outlined in the teaching manual for the ERP Simulation
Games (Léger et al., 2011). ERPsim game teaching method, as prescribed by Léger et al. (2011) involved
having the students watch the training video, strategize with their team, play the quarter, and then have a
class debrief each class on each quarter of ERPsim. These procedures were followed for all three class
sessions for the control group. After students viewed the training videos, the instructor answered student
questions. After all questions were clarified, the teams in the control group strategized for fifteen minutes
before playing a simulated quarter.

Conceptual, procedural, and metacognitive scaffolding assignments were added to the experimental group.
This different design was not the usual implementation of ERPsim previously described, in which students
view the quarterly videos and play the simulation without a guided assignment. The Quarter One and
Quarter Two scaffolding assignments were designed to regulate student learning of concepts presented in
the training videos, assist students in understanding the job aid, and help students strategize within their
teams to improve performance and achievement while playing ERPsim.

Following the principle of fading as discussed by many scaffolding research studies (Azevedo, 2005) (Kim
& Hannafin, 2011) (Puntambekar & Hubscher, 2005) (Sawyer, 2006), the students in the experimental
group did not receive a scaffolding assignment before the final quarter of ERPsim. Kim and Hannafin
(2011) stated that ongoing assessment of student's knowledge is necessary to bridge the gap between what
they already know and what they need to know. Scaffolding support should be faded as students learn "to
accomplish their problem-solving goals without scaffolds" (Kim & Hannafin, 2011, p. 408).The scaffolding
was removed, or faded, for the third quarter of ERPsim for the experimental group.

A variety of plots, tests, and statistical modeling were used to test the statistical hypotheses identified (R
Core Team, 2013). The data analysis was completed in R, and a conclusion of whether a significant effect
on the team performance was determined from the results of quarters one, two, and three of ERPsim for the
experimental and control groups. The lowest ranking team in both the experimental and control group was
removed for statistical analysis of all three business quarters because they were not deemed to be alert
participants, thus unnecessarily skewed the results.
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Results

To determine if scaffolding had a significant effect on the teams’ performance that played ERPsim,
statistical analysis was conducted on the results of the three different quarters played by the control and
experimental groups. Because of the nonnormal nature of the data (both in the cumulative net income and
the marketing to revenue ratio) and the apparent heterogeneity of variability, traditional t-tests, and
ANOVA were not appropriate for comparisons. Thus, comparisons between the two groups were analyzed
across three business quarters using statistical modeling after proper transformations of the data.

As shown in Figure 2, the experimental group showed consistently higher medians than the control group
in all three-business quarters. The experimental group also demonstrated a more similar result than the
control group in all three-business quarters, which also had an extreme outlier in the first quarter.
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Figure 2. Schematic plot of cumulative net income for the two groups over three business quarters.

More rigorous statistical tests to confirm the significantly different variations between the two groups and
across three-business quarters were carried out. The Fligner-Killeen (median) test is one of the many criteria
for homogeneity of variances and is considered to be the most robust against departures from normality
according to simulation study (Table 1). The Fligner-Killeen test shows a significant difference in variance
in the cumulative net income between the two groups (experimental and control) and between the two
groups over three business quarters.
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c2 df p-
value
Difference in variance of cumulative net income between the experimental and 58723 1 0.0154

control group over the three quarters

Table 1. Fligner-Killeen Test on cumulative net income for the two groups over three business
quarters.

Figures 3 displays how the experimental group showed consistently higher means than the control group.
The experimental group showed positive and continuously increasing cumulative net incomes over three-
business quarters. The control group showed consistently negative and decreasing trend in the cumulative
net income.
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Figure 3. Interaction plot of the cumulative net income for the two groups across three quarters.
Discussion

The results of the study indicate that the designed scaffolding had a statically positive effect on the
experimental group over the course of the entire ERPsim experience. When the scaffolding was removed
during the final quarter of the ERPsim, the experimental group continued to show increasing cumulative
net incomes. The control group showed a decline in net income throughout all quarters of the ERPsim.

The findings from this study are that scaffolding supports student performance in a technology-enhanced
flipped instruction classroom. Students that receive scaffolding in a TELE flipped instruction
environment perform at a higher rate than those that do not receive scaffolding. These results align with
many research studies of TELEs (Greene & Land, 2000; Halttunen, 2003; Hmelo & Day, 1999; Raes et
al., 2012; Renties et al., 2012). Instructors should develop scaffolding for TELE that allows learners to
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manage their planning and task execution. Students' ability to anticipate and execute essential tasks will
enable learners to focus on crucial criteria within the learning environment (Reiser, 2004; Saye & Brush,
2002).

Conclusions can be drawn that the flipped instruction model without the scaffolding of the TELE was less
effective. Students in both the experimental and control groups were engaged in the ERP simulation.
However, students learn to absorb and understand the information in various ways and at different
individual speeds (Jenkins, 2015). Higher-order thinking skills are needed when students construct their
learning using technology to make business decisions (Subramaniam & Muniandy, 2019). Guiding their
learning activities in an organized manner encourages students to participate actively in their learning.
The theoretical studies on flipped learning have confirmed the benefits of student-centered learning
(Merrill, 2015).

In the spring of 2020, institutions were forced to move to emergency remote teaching due to the COVID-
19 pandemic. Instructor’s classrooms became TELEs overnight. Fryling’s (2020) exploratory study found
that instructors using a flipped model learning environment moved more smoothly to a fully remote
learning environment. As educators look to a future where emergency remote teaching may be necessary
for other crises such as additional waves of the COVID-19 pandemic, natural disasters, or political
turmoil, developing more flipped classroom environments may benefit both faculty and students (Fryling,
2020). In addition, scaffolding the TELE aspects of a course prior to an unexpected moved to an all-
remote environment could lead to better student performance.

Readers should be reluctant to draw broad conclusions regarding the effectiveness of scaffolding for
individual students, given the fact that the performance results were evaluated according to team
performance. This study was limited to an analysis of the team quarterly results of cumulative net income,
in particular. The study would have benefited if it had been possible to compare more classes and assign
more teams to the scaffolding condition.

Recommendations for Future Research

Future research should employ a mixed-methods approach. Qualitative research methods may reveal
additional insight into the quantitative results. More objective measures should be used to determine if the
scaffolding assignments effectively supported students' conceptual understanding of ERPsim. Previous
research suggests that student learning-related outcomes are positively influenced by participating in the
simulation. Cronan and Douglas (2012) call for research that identifies the main learning characteristics
of the ERPsim and analysis of the effectiveness of using the ERPsim in learning. Future studies should
measure student knowledge gained from scaffolding TELE:s.

Finally, to further research the effectiveness of scaffolding on technology-enhanced conceptual

understanding during flipped instruction. Expanding research into how scaffolding TELE flipped

instruction can help students achieve high cognitive tasks and critical thinking skills are needed.
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