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Abstract 

This research aimed to explore different pedagogical methods for integrating software into 

engineering courses. This is a follow-up study to a preliminary study that was conducted during 

the previous semester on a quality control course. The preliminary study implemented two 

pedagogical methods: a traditional Instructor-Guided method and an active-learning Think-Pair-

Share method. The study resulted in no statistically significant differences between the two 

methods. Therefore, for this study, we modified the traditional method, identified as Modified 

Instructor-Guided, and added two new active-learning methods, Flipped Classroom and Problem-

Based Learning, in place of Think-Pair-Share. This study was conducted on an application focused 

statistics course, ESI3215C: Data Analysis for Industrial Applications. This is the first statistics 

course that students are required to take in the Industrial and Systems Engineering (ISE) program 

at the University of Florida. This course focuses on analysis of data encountered in ISE 

applications including system reliability, demand forecasting and inventory control, simulation, 

and quality control. Computational tools, specifically RStudio, are implemented to carry out 

various data analysis techniques.  The first, modified pedagogical method is the Modified 

Instructor-Guided method in which the instructor conducts a cycle of mini-lectures and in-class 

exercises. The second pedagogical method is the Flipped Classroom method in which students 

watch short lecture videos before class and work in groups on in-class exercises. The third method 

is the Problem-Based Learning method in which the instructor presents a case study to be 

completed in groups to reach a solution, then conducts a mini-lecture at the conclusion of the case 

study. For each method, self-efficacy surveys and computational assessments were given to 

analyze student performance and comprehension. The results from this study indicate that Flipped 

Classroom and Modified Instructor-Guided outperform Problem-Based Learning in terms of 

computational understanding. However, Problem-Based Learning tends to result in higher RStudio 

self-efficacy, while Flipped Classroom tends to result in higher Theoretical and Statistical self-

efficacy. 
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Introduction 

With rapid changes in technology comes the increased need to integrate newly developed 

software programs into engineering education. It is critical for students to be exposed to software 

in order to be competitive in the job market and utilize it in their career. Programs, such as RStudio, 

are implemented in both classrooms and industry settings, and allow for problems to be solved 

more efficiently and reduce the possibility of computational errors.  

Instructors are facing difficulties in finding the right balance and means of integration when 

introducing these technologies. It is important for instructors to focus on teaching the fundamental 

theories of the course, while using software as a means for efficiency and exposure to real-life 

applications. Currently, most engineering courses are still utilizing the traditional method of 

instruction, in which the instructor will use lectures to deliver the course material and assign 

practice problems for the students to complete outside of the classroom. A modified version of this 

pedagogy will be utilized as the control group for this research study, and it can be identified as 

the “Modified Instructor-Guided” method. 

The traditional lecturing method tends to introduce software while students are still trying 

to grasp the theory, allowing the possibility for students to become dependent on it. If the instructor 

does not place high importance on understanding the theoretical concepts of the course, students 

are at risk for developing a weak theoretical foundation, which could negatively affect their 

performance in future courses and in their career. Students can memorize how to input data into 

the software, using it as a calculator to solve the problem for them, as opposed to fully 

understanding the mathematical methods behind the software and the values the program returns 

as a result. The goal of this study is to find a pedagogy that allows the instructor to introduce the 

material in a manner that does not lead to dependence. 

To address this issue, different pedagogical methods have been identified to study in an 

engineering-based statistics course at the University of Florida (UF). In an effort to solidify 

students’ theoretical foundation, we wanted to focus on selecting methods that provide students 

with sufficient exposure to solving both theoretical and software-based questions. At the 

conclusion of this study, we hope to find out whether different pedagogical methods impact student 

understanding and course perceptions. 

Background 

With the rise of technology in the engineering industry, software has been increasingly 

integrated into the engineering curriculum. Students are given a limited amount of time to learn 

important, and often, difficult theoretical concepts, while also using analytical thinking and 

problem-solving skills to develop software algorithms that are based on those theoretical concepts. 

When software provides more efficient problem-solving and reduces the possibility of 

computational errors, it becomes easier for students to rely heavily on the software to give them 

the correct answer, rather than having a deep understanding of the course material. With this in 

mind, the research question of this study is as follows: 
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● Which teaching method is most conducive for students to master the theory and be proficient 

with software? 

Preliminary Study 

A preliminary study was conducted in the Spring 2021 semester on an Industrial Quality 

Control course at UF. The results showed no statistical significance between the two methods that 

were implemented, which were a traditional lecture method, identified as the Instructor-Guided 

method, and the Think-Pair-Share method [1]. Even though there were no statistically significant 

differences between the two methods, it was found that the Think-Pair-Share Method resulted in 

slightly higher RStudio self-efficacy [1]. On the other hand, the results for the computational 

assessment presented a higher mean of correct answers for the Instructor-Guided method [1]. 

The literature review for the preliminary study primarily focused on how the use of 

calculators in high school mathematics courses affected student performance in introductory 

college calculus courses. Although learning software is more complex than learning how to operate 

a calculator, the risk of student dependence on calculators is still prominent. It was found that 

putting restrictions on calculator use for previous courses was positively correlated with student 

performance in future courses [2]. Therefore, we had reason to believe that applying restrictions 

to software in the form of course structure and teaching methods could result in a more balanced 

integration of software and theory. We want to find a teaching method that introduces the software 

at a specific point during the learning process that will not result in a dependency. 

Due to varying results from the methods in the preliminary study, this literature review was 

focused on finding additional methods to implement in the classroom as well as updating the 

methodology of some of the current methods. We were particularly interested in studying Flipped 

Classroom and Problem-Based Learning, due to their learner-centered nature and ability to 

implement active-learning techniques. Creating a learner-centered environment was important for 

this study because it allows students to be more actively engaged in the learning process and 

develop higher-order thinking skills, such as analysis, evaluation, and creation [3]. We were also 

looking into how to modify the traditional Instructor-Guided method to incorporate aspects of 

mini-lectures to further break down how the material was delivered. 

Modified Instructor-Guided Method 

The Modified Instructor-Guided method was our control group for this study. But instead 

of implementing the traditional lecture method, where the in-class time is only spent on lecturing, 

we decided to modify it in a manner that allows more room for an active-learning experience. 

Baumgartner [4] recommended a laboratory-alternating approach that allowed for more frequent 

exposure to high-level concepts. This model was deemed most useful where the linkage between 

underlying theories and practical applications must be taught linearly, in other words, the concepts 

continuously build upon each other [4]. The original model consists of a cycle of mini-lectures and 

mini laboratory tasks. We decided to modify this model with in-class exercises replacing the lab 

tasks and, instead, having a singular, independent laboratory session. 
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Flipped Classroom Method 

The Flipped Classroom (FC) approach is relatively standardized when applied in the 

classroom. It is characterized by short lecture videos that students watch before class and exercises 

or homework assignments to be done in class. The optimal video length for FC lecture videos was 

found to be approximately 10 minutes, but no longer than 20-30 minutes [5]. However, due to 

varying course difficulty and length, lecture videos can range from 5-15 minutes per individual 

concept [6, 7, 8, 9, 10]. In many cases, a pre-assessment quiz will be assigned to students to take 

after watching the lecture videos and before class [6, 7, 9, 11]. This is beneficial for the students 

to test their understanding of the material, and for the instructor, who can use this information to 

tailor the next class towards what students struggled most on [9, 11].  

When it comes to comparing student achievement between traditional teaching methods 

and the Flipped Classroom method, there are some discrepancies. Some have found no statistically 

significant differences between the two methods; however, it has been found that with a FC 

methodology, there are fewer students with lower grades, and generally students obtain better 

grades when frequently attending laboratory sessions [8].  

The success of FC tends to heavily rely on the course type. Courses that are more content-

based, as opposed to design-based, have been found to perform better [11]. For example, when a 

FC method was applied to a high school advanced placement chemistry course, the flipped group 

scored higher on all assessments compared to the traditional method [9]. The Flipped Classroom 

method also develops life-long skills in students. When applied in a software engineering course, 

it was found that problem-solving ability was significantly higher for the Flipped Classroom than 

the traditional method [3]. 

Problem-Based Learning Method 

Problem-Based Learning (PBL) has proven to be effective in many different engineering 

education environments due to its ability to expose students to large and complex problems that 

mirror problems they will likely face in their careers [12]. PBL is mostly characterized by its focus 

on collaboration and group work to solve a complex, open-ended problem. Typically, the instructor 

should develop the problem to be solved by all students. If students are allowed to choose their 

own topic, this would increase intrinsic motivation, but would make it difficult for the instructor 

to ensure consistent knowledge between all students [13].  

When PBL was applied in an undergraduate electrical engineering course, it was found to 

result in significantly higher conceptual understanding compared to the traditional lecture method 

[14]. To ensure individual student participation, fairness, and accountability, many studies 

incorporated peer evaluations [15, 16]. PBL also has positive results on student perceptions. For 

example, when PBL was implemented on an Administration Theory course, students felt that PBL 

promoted their technical skills and attitudes [17]. In other studies, students have felt PBL fostered 

a productive learning environment, provided awareness of real-life problem types, and experienced 

an increase in motivation and personal satisfaction [16, 18].  
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Challenges 

Although Flipped Classroom and PBL result in significant benefits for engineering 

students, there are challenges to implementing both methods. Both methods take more time on the 

instructor's end to implement than the traditional lecture method [17, 19]. Specifically, Flipped 

Classroom can produce a significant time constraint for instructors when developing and editing 

lecture videos [19]. The upside to this challenge is that after the first implementation, the FC videos 

and PBL problem can be re-used for future classes. Students also commonly face challenges with 

the flipped format of learning new material and not being able to ask questions during the lecture 

[9, 19]. This challenge can be mitigated by including a brief discussion at the beginning of class 

and answering any questions students have [6, 7, 20]. 

Methodology 

Participants & Background 

The participants of the study include the students registered for ESI3215C: Data Analysis 

for Industrial Applications course. This is a required course within the ISE curriculum at UF, and 

for some students, it may be their first course on statistics. 

This research was conducted with Institutional Review Board (IRB) approval under 

IRB202003092.  As this research is included as part of the normal course delivery, the only portion 

of this research requiring consent from the students was direct quotations or direct answers.  There 

were 59 students in the course who agreed to allow for direct quotations to be included in this 

paper. However, there were 70 students total who responded to the Background Survey. Of these 

students, 50% were male and 50% were female. Figure 1 below shows the ethnic makeup of the 

sample. 

 

Figure 1: Ethnic Makeup of Sample 
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The majority of participants were juniors in college (78.57%), 17.14% were seniors, and 

4.29% were sophomores. 88.57% of students attended high school in the United States and 11.43% 

attended high school in another country. While in high school, 47.14% took a statistics course and 

52.86% did not. 

There are no statistics prerequisite courses for this course, yet 42.66% of students have 

previously taken a statistics course in college and 57.33% have not. This is most likely due to a 

curriculum change and may not be the case for future studies. Figure 2 below shows the self-

reported average grade in the students’ previous statistics courses. 

 

Figure 2: Self-Reported Average Grade in College Statistics Courses 

Before this course, 90% of students had no previous experience with RStudio, 8.57% had 

minor experience, and only 1.43% had significant experience. Furthermore, 91.43% of students 

had no internship experience applying the topics taught in this course, but 64.29% plan to in the 

future or during their career. 

Course Overview 

The course we decided to focus on for this study is an introductory applications-based 

statistics course. It is a foundational statistics course that includes heavy theoretical concepts as 

well as the use of the software RStudio. The class meets three times a week. Two of the sessions 

are 100 minutes long, while the third session is 50 minutes long. Of the weekly class time, 

approximately four hours are spent on instruction and approximately one hour is reserved for a lab 

session. Due to COVID-19, this course was delivered in a HyFlex format, meaning in-person 

attendance was optional. Students could choose to watch the class live online or watch a recording 

later. If students choose to not attend class or the lab session, there is no penalty to their grade. 
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Success in this course is not only necessary for future courses within the curriculum, but it 

is also necessary within the ISE industry. Statistics can aid manufacturing companies in making 

better informed decisions that are backed by data as opposed to guesswork. It is crucial for students 

to have a solid foundation of the topics in this course while also having confidence that they can 

apply these topics in RStudio. Given these characteristics, this was an ideal course to utilize for 

data collection.  In particular, the research focused on topics related to Statistical Intervals, 

Hypothesis Testing, and Statistical Inference with Two Samples.  

The topics discussed in Statistical Intervals include confidence intervals on the mean of 

normal distribution, confidence intervals on variance and standard deviation of normal 

distribution, confidence intervals on population proportion, prediction intervals for future 

observation, and tolerance intervals for normal population. This topic also teaches students the 

difference between one-sided and two-sided confidence bounds, the t distribution, and how to 

calculate and make decisions regarding sample size. This chapter takes approximately 4 hours (2 

days) to teach in the classroom. 

The topics discussed in Hypothesis Testing include hypothesis testing on means of normal 

distribution, tests on the variance and standard deviation of normal distribution, tests on population 

proportion, goodness of fit tests, and calculating p-values. This topic also teaches students how to 

compute probability of type I and type II errors, the difference between one-sided and two-sided 

hypothesis tests, and the connection between confidence intervals and hypothesis testing. This 

chapter takes approximately 5 hours (3 days) to implement in the classroom. 

Statistical Inference of Two Samples discusses topics related to inference on the difference 

of means of two normal distributions, nonparametric tests on the difference of two means, paired 

t-tests, inference of variance of two normal populations, and inference on two population 

proportions. Along with these topics, students should be able to compute power, type II error 

probability, and make sample size decisions for two sample tests on means, variances, and 

proportions. This chapter takes approximately 5 hours (3 days) to implement in the classroom. 

Teaching Methods 

The purpose of this research is to identify whether the mode of instruction affects student 

understanding of the course material and whether one method in particular helps reduce 

dependency on software programs. All students in the study were exposed to the same methods 

for the same chapter, and all chapters were taught by the same instructor.  

We are implementing three pedagogical methods that were randomly assigned to three chapters 

within the course. Statistical Intervals was taught using Flipped Classroom, Hypothesis Testing 

was taught using Modified Instructor-Guided, and Statistical Inference of Two Samples was taught 

using Problem-Based Learning. The basics of RStudio were taught at the beginning of the course 

and for each method a brief, high-level overview of the necessary functions was given by the 

instructor as well as direction to additional resources. 

● Flipped Classroom: Students watch short lecture videos that are broken down by topic 

and take a brief pre-assessment quiz before class on what was covered in the videos. The 
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pre-assessment quiz had a low-risk effect on the students’ grade and the goal of the quiz is 

so the instructor could use the results to tailor the first 10-15 minutes of class to discuss the 

topics students seemed to struggle with. For the rest of class, students worked in groups or 

individually on a set of theoretical practice problems meant to be solved by hand. Students 

will then solve the same problems from class as their homework assignment, but in 

RStudio. 

 

● Modified Instructor-Guided: This is a modified version of the traditional lecture method. 

This method includes a cycle of mini-lectures, theoretical in-class exercises solved 

manually, and then a wrap-up discussion. The same in-class exercises will then be solved 

as a homework assignment in RStudio. The timing of this method is shown in Table 1 

below. 

 

Table 1: Timing for Modified Instructor-Guided Method 

Introduction lecture 20 mins 

Mini-lecture on specific theory/concept 15 mins 

In-class exercise 15-20 mins 

Wrap-up discussion 5 mins 

 

● Problem-Based Learning: The first 25 minutes of class will be spent presenting a 

complex case study requiring RStudio and answering any clarification questions the 

students may have. In the subsequent class time, students will work in pre-assigned groups 

of three to develop the knowledge necessary to reach a solution. Including the introduction 

lecture, the students will have two additional class days to work on the case study. In 

addition to submitting a solution, groups will also submit peer evaluations. The last class 

will include a 25-minute mini-lecture which briefly covers the main topics of the problem. 

 

A conceptual flowchart visualizing the overall methodology of this study and each teaching 

method can be seen in Figure 3. Because this is an overall methodology, the sequence of 

implementation may vary. 

  



1 
 

Figure 3: Methodology Flowchart
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Data Collection Tools 

This research implements five types of data collection tools. A background survey was 

used to collect identifying characteristics of the research participants, a self-efficacy survey to 

examine student confidence for each chapter and how it changes across teaching methods, a 

computational assessment that analyzes student understanding and performance in the course, an 

exit survey to gauge students’ experience with changing modalities, and active measures to gauge 

student participation. 

1. Background Survey: The background survey asked the participants for their name and 

other identifying characteristics, such as gender and ethnicity. This survey was used to 

gauge the participants’ experience with statistics and RStudio, and whether they have 

previously or in the future, plan to explore job opportunities related to this course. 

 

2. Self-Efficacy Survey: The self-efficacy survey targeted student confidence on three 

aspects of the course: Statistics, RStudio, and Theory. Because this is a foundational 

statistics course, it is crucial to measure how well students are understanding the 

statistics concepts, and because the goal of the study is to compare theoretical and 

software understanding across different teaching methods, it is important to measure 

students' confidence for each. 

 

a. Statistics Self-Efficacy: The survey asked questions gauging the student’s 

comfort level with statistics and whether they are interested in learning more 

about the topic or pursuing it in their career. 

 

b. RStudio Self-Efficacy: The survey asked questions related to the student's 

confidence with working in RStudio. The questions include whether the student 

can write syntactically correct statements, understand, identify, and correct 

errors, correctly interpret output, and understand basic problem-solving 

approaches within RStudio. 

 

c. Theory Self-Efficacy: Separate from Statistical self-efficacy, this survey asked 

questions related to students’ confidence with specific theoretical topics from 

each chapter. The questions involved statements such as how confident the 

students feel they can learn the material related to that topic, whether they are 

interested in or have enjoyed studying the topic, and whether they are able to 

identify different problem types. 

 

The self-efficacy survey contains 13 content-related statements, all with a 5-point Likert 

scale with one being “strongly disagree” and five being “strongly agree.” The statements have 

not been modified since the preliminary study and were adapted from multiple sources. 
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Table 2: Survey Statements by Question Type 

Question Type Statement Reference 

Statistics I can learn the statements taught in my statistics course. [1] 

I am interested in learning new topics in statistics related to 

ISE. 
[1] 

I have enjoyed studying statistics in school. [21]  

RStudio I like trying to solve new problems related to … in R. [21]  

I can write syntactically correct statements in R. [22] 

I can identify and correct errors in my R code.  [1] 

I am confident I can explain how to approach ... problems 

in R to my classmates. 
[23]  

I can correctly interpret the outputs of my code in R.  [1] 

The use of R helped my understanding of … [24]  

Theory I can learn the content related to … [25]  

I am interested to learn more about …  [1] 

I have enjoyed studying …  [21] 

I can identify when a problem requires the use of ...  [1] 

I like trying to solve new problems related to … by hand. [21] 

 

3. Computational Assessment: The computational assessments were aimed at testing 

student understanding after they have been taught the theoretical material and have had 

practice in RStudio. The assessment focuses on two question types: Theoretical and 

RStudio. There are seven questions total: three are theoretical-based questions that must 

be solved manually, three must be solved in RStudio, and the last question asks the 

students how they felt about the mode of instruction. 

Table 3: Distribution of Computational Assessment Question Types 

Question # 
Flipped 

Classroom 

Modified  

Instructor-Guided 
PBL 

1 Theoretical Theoretical  Theoretical 

2 RStudio Theoretical Theoretical  

3 Theoretical RStudio RStudio  

4 RStudio Theoretical  Theoretical 

5 Theoretical RStudio  RStudio 

6 RStudio RStudio RStudio 

 

4. Exit Survey: At the end of the course, an exit survey was given to the students to 

inquire about the teaching methods implemented and the changing modality of the 

course throughout the semester. This survey consisted of 17 questions gauging which 

teaching method and chapter the students preferred most and whether the students feel 
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that changing modalities of instruction impacted their experience or understanding of 

the material within the course.  

 

5. Active Measures: Due to the course being delivered in a HyFlex format, there is no 

grade penalty for students who do not attend class. Therefore, it is crucial to measure 

whether students are actively participating in the teaching methods being implemented. 

For the Flipped Classroom method, we monitored the number of students who 

completed the Pre-Assessment Quiz after watching the lecture videos. For the Problem-

Based Learning method, we assigned a peer evaluation to be completed after the case 

study. 

 

Data Collection Procedure 

Randomized and unique identifiers were utilized to maintain confidentiality of the survey 

and assessment results. This identifier remained constant throughout the semester and for each 

survey/assessment. With IRB approval, the instructor of the course, who is also a part of the 

research team, is the only member who had access to the survey results and assigned random 

identifiers to each student before distributing the results to the rest of the team.  

Data was collected at multiple points throughout the semester. Students take a Self-

Efficacy Survey and Computational Assessment for each chapter a different teaching method is 

implemented, which totals three times throughout the semester. The survey and assessment for 

each chapter were taken at the same time at the end of each chapter.  The Background and Exit 

Survey were both distributed after all teaching methods had been implemented. The main goal of 

the Background Survey was to gauge student experience prior to the course, while the Exit Survey 

was to gauge student experience at the conclusion of the course. 

Results 

For this study, we analyzed five types of data. The first dataset was the Background Survey. 

The second dataset consisted of the Pre-Assessment Quiz implemented in the Flipped Classroom 

method. The third dataset focused on students’ conceptual understanding of each chapter under 

each teaching method and was collected through computational assessments. The fourth dataset 

focused on students’ self-efficacy that was broken down into three sections: Statistics, RStudio, 

and Theory and was collected through self-efficacy surveys. The fifth and final set of data was the 

Exit Survey that focused on gauging student perception of each teaching method, the chapters they 

were applied to, and the overall experience switching teaching methods throughout the semester. 

Computational Data Analysis 

The first part of our data analysis was to analyze the correctness of the Computational 

Assessments for each method and the Pre-Assessment Quiz for the FC method.  For each method, 

a computational assessment was given at the conclusion of the chapter. Each assessment consisted 

of six questions, three were theory-based and three were RStudio-based. The Flipped Classroom 

method had an additional assessment, the Pre-Assessment Quiz, and was taken after watching the 



4 
 

lecture videos and before class. Once this was completed, we calculated the average number of 

questions each student got correct under each method. 

A. Flipped Classroom Method 

a. Pre-Assessment Quiz: The pre-assessment quiz was completed by 75 students. 

This assessment offered partial credit, so the student could receive a score anywhere 

between a 0, a 0.5, and a 1 for each question. On average, students got 5.62 out of 

the 6 questions correct, which corresponds to a 93.6%. Figure 4 shows the percent 

of students who received a certain number of points on the pre-assessment quiz. As 

shown in the figure, 62.67% of students answered all 6 questions correctly. 

 

Figure 4: Flipped Classroom Pre-Assessment Quiz Results 

b. Computational Assessment: The assessment for FC was completed by 75 

students. For scoring, if the question was answered correctly, the student received 

a 1 and if it was answered incorrectly, the student received a 0. On average, students 

got 3.44 out of the 6 questions correct. Figure 5 shows the percent of students that 

got a specific number of questions correct. From the figure, 4% of students got 0 

questions correct and 13.33% of students got all 6 questions correct. 
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Figure 5: Flipped Classroom Computational Assessment Results 

B. Modified Instructor-Guided Method: The assessment for the Modified Instructor-

Guided method was completed by 70 students. On average, students got 3.85 out of the 6 

questions correct. Figure 6 shows the percent of students that got a specific number of 

questions correct. From the figure, 17.14% of students got all 6 questions correct, 2.86% 

got 0 questions correct, and the majority, at 30%, got 3 questions correct. 

 

 

Figure 6: Modified Instructor-Guided Computational Assessment Results 
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C. Problem-Based Learning Method: The assessment for the PBL method was completed 

by 66 students. On average, students got 2.02 out of the 6 questions correct. Figure 7 shows 

the percent of students that got a specific number of questions correct. From the figure, 

1.52% of students (one student) got all 6 questions correct, 18.18% got 0 questions correct, 

and the majority, at 25.76%, got 2 questions correct. 

 

Figure 7: PBL Computational Assessment Results 

Computational Comparison 

Each computational assessment was composed of Theoretical and RStudio questions. For 

each method, we ran paired t-tests on the theoretical questions, the RStudio questions, and the 

overall assessment. The results from the analysis of the difference in means between the Flipped 

Classroom method, Modified Instructor-Guided method, and PBL method can be seen in Tables 

4-6 below. Nine separate analyses were done to analyze the results for Theory, RStudio, and a 

combination of both between each of the three methods. The test statistic (t0) and p-value were 

calculated using the RStudio software. We used a significance p-value of 0.05 to determine 

whether there were any statistically significant differences in means. 

As seen in Table 4 below, comparing Flipped Classroom and Modified Instructor-Guided, 

there was a statistically significant difference in means for Theory, but not for RStudio or 

Combined. 
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Table 4: Results of Inference for a Difference in Means Between Flipped Classroom and 

Modified Instructor-Guided 

 

As seen in Table 5 below, comparing Flipped Classroom and Problem-Based Learning, 

there was a statistically significant difference in means for Theory, RStudio, and Combined. All 

three favored Flipped Classroom over PBL. 

Table 5: Results of Inference for a Difference in Means Between Flipped Classroom and 

Problem-Based Learning 
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As seen in Table 6 below, comparing Modified Instructor-Guided and Problem-Based 

Learning, there was a statistically significant difference in means for Theory, RStudio, and 

Combined. All three favored Modified Instructor-Guided over PBL. 

Table 6: Results of Inference for a Difference in Means Between Modified Instructor-

Guided and Problem-Based Learning 

 

Self-Efficacy Analysis 

A. Statistics Self-Efficacy: We assessed statistics self-efficacy with three statements. As 

shown in Figure 8 below, students were most confident in their ability to learn statistics 

and were most interested in learning new topics with the Flipped Classroom method. 

However, students enjoyed studying statistics most with the PBL method. 
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Figure 8: Statistics Self-Efficacy Survey Results 

B. RStudio Self-Efficacy: We assessed RStudio self-efficacy with seven statements. The 

statements were tailored to the topics learned in each chapter. The topic specific aspects of 

each question have been removed from the analysis. From figure 9, students felt most 

confident using RStudio with the PBL method and they felt least confident using RStudio 

with the Flipped Classroom method. 
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Figure 9: RStudio Self-Efficacy Survey Results 
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C. Theory Self-Efficacy: We assessed theory self-efficacy with six statements. The 

statements were tailored to the topics learned in each chapter. The topic specific aspects of 

each question have been removed from the analysis. From Figure 10 below, the Modified 

Instructor-Guided method resulted in the highest confidence in being able to learn new 

content and identify the problem-solving approach for each question. Students’ level of 

interest in the topics remained at approximately the same level for all three methods, but 

students seemed to enjoy studying the most with the Modified Instructor-Guided and 

Flipped Classroom methods. Regarding solving different topics by hand, both Modified 

Instructor-Guided and Flipped Classroom produced the highest results. 

 

 
Figure 10: Theory Self-Efficacy Survey Results 

Self-Efficacy Comparison 

Tables 7-9 show the t-test results for the Self-Efficacy Surveys between each method. 

Paired t-tests were completed between each of the three methods on each individual question. 

From Table 7 below, comparing Flipped Classroom and Modified Instructor-Guided, at a 5% 

significance level, Modified Instructor-Guided performed better in Theoretical self-efficacy for 

the statement “I can identify when a problem requires the use of ….” At a 10% significance level, 

Flipped Classroom performed better in Statistical self-efficacy for the statement “I can learn the 

statements taught in my statistics courses,” and Modified Instructor-Guided performed better in 

RStudio self-efficacy for the statement “I can write syntactically correct statements in R for….” 
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Table 7: Self-Efficacy Survey t-Tests Between Flipped Classroom and Modified Instructor-

Guided 

 

From Table 8 below, comparing Flipped Classroom and Problem-Based Learning, at a 5% 

significance level, six out of the seven RStudio questions had statistically significant differences 

in means, and all favor Problem-Based Learning. The statements with the largest differences are: 

“The use of R helped my understanding of … ,” “I am confident I can explain how to approach 

problems related to … in R to my classmates,” “I can identify and correct errors in my R code 

related to… ,” and “I like trying to solve new problems about … using RStudio.” However, at a 

10% significance level, Flipped Classroom performed better in Statistical self-efficacy for two 

statements: “I can learn the statements taught in my statistics courses” and “I am interested in 

learning new topics in statistics related to ISE.”  
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Table 8: Self-Efficacy Survey t-Tests Between Flipped Classroom and Problem-Based 

Learning

 

From Table 9 below, comparing Modified Instructor-Guided and Problem-Based Learning, 

at a 5% significance level, Problem-Based Learning performed significantly better in RStudio self-

efficacy for the statement “The use of R helped my understanding of … .” and Modified Instructor-

Guided performed better in Theoretical self-efficacy for the statement “I can learn the content 

related to… .” At a 10% significance level, Modified Instructor-Guided performed better in 

Theoretical self-efficacy for the statements “I have enjoyed studying the topics in this chapter” 

and “I can identify what … the problem requires the use of.”  
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Table 9: Self-Efficacy Survey t-Tests Between Modified Instructor-Guided and 

Problem-Based Learning 

 

Exit Survey Analysis 

The Exit Survey was completed by 70 students. The students were first asked what their 

impression was of each method and could respond on a scale ranging from “Strongly Preferred” 

to “Strongly Not Preferred.” From Figure 11 below, you can see that, on average, students feel 

neutral about all three methods. However, 42.86% of students “Preferred” or “Strongly Preferred” 

the Flipped Classroom Method and 41.43% of students “Preferred” or “Strongly Preferred” the 

Modified Instructor-Guided Method. It should also be noted that PBL was the only method with 

any response to “Strongly Not Preferred” at 10.14% of students. 
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Figure 11: Student Impressions of Each Method 

Then, the students were asked to rank which teaching method they preferred most and least 

and which chapter material they enjoyed learning the most. From Figure 12 below, students 

preferred Modified Instructor-Guided the most and Problem-Based Learning the least, with 

Flipped Classroom trailing only 1.45% behind. Looking at the material learned with each method, 

students enjoyed the material taught with Modified Instructor-Guided the most and the material 

learned with Problem-Based Learning the least. 
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Figure 12: Student Ranking of Teaching Methods 

Students were also asked to report how much time was spent outside of the classroom 

studying with each method. From Figure 13 below, students, on average, spent 3-4 hours on all 

three methods. 

 

Figure 13: Student-Reported Time Spent Outside of the Classroom for Each Method 
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The last question of the survey asked if the students faced any challenges with switching 

teaching methods throughout the course. Most of the students stated they did not have any 

problems, but a few mentioned it made it slightly more difficult to adjust to new material and threw 

off their normal schedule. 

Discussion 

Based on our Computational Assessment results, both Flipped Classroom and Modified 

Instructor-Guided demonstrate significantly better results in student achievement than Problem-

Based Learning. However, this could be because PBL was applied on Statistical Inference of Two 

Samples and is typically a more difficult topic for students to grasp. When comparing whether 

Flipped Classroom or Modified Instructor-Guided was better, there only showed a statistically 

significant difference when looking at the theory-based questions.  

These results are somewhat conflicting to previous studies. Overall, traditional methods 

tend to perform better when learning theoretical concepts, whereas active-learning methods tend 

to perform better when learning software. For example, when applying active-learning techniques 

on a computer science course, it was found that students who were actively engaged and attended 

laboratory sessions generally received better grades in the course [8]. Although the Modified 

Instructor-Guided resulted in better performance with theory, there were no statistically significant 

results when looking at RStudio understanding. One study found that the Flipped Classroom 

methods should perform better in content-based courses [11], but this finding disagrees with our 

results.  

These discrepancies could be attributed to the HyFlex format of the course. With this 

format, students could choose their preferred method of content delivery, meaning students could 

choose to attend the lecture live or watch it on their own time. This flexibility allows students to 

learn the material when they feel most motivated. This also means there were no active measures 

for the in-class portion of the Flipped Classroom method, where the active-learning techniques 

were implemented.  

Looking at self-efficacy between all three methods, Flipped Classroom performed better 

in Statistical self-efficacy, Problem-Based Learning performed better in RStudio self-efficacy, and 

Modified Instructor-Guided performed better in Theoretical self-efficacy. This means that students 

tend to enjoy the material and feel a sense of usefulness from the course with the Flipped 

Classroom method. This can be supported by the results of the Exit Survey. Many students noted 

that they preferred Flipped Classroom because they could watch the lectures when they felt 

motivated to learn, thus being more likely to enjoy learning the material and finding more interest 

in the content. However, students felt more confident in their ability to apply the theory with 

Modified Instructor-Guided. This finding agrees with the Computational Assessment and previous 

studies that state more traditional methods help solidify theoretical concepts. When looking at 

RStudio self-efficacy, students reported feeling most confident with the PBL method, however 

these results are not reflected in the Computational Assessment. Students performed significantly 

worse with the PBL method compared to Flipped Classroom and Modified Instructor-Guided.  
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The Exit Survey results demonstrated that on average students tend to prefer the Modified 

Instructor-Guided method the most and the Problem-Based Learning method the least. However, 

students were also asked to provide comments on each teaching method and their experience. 

Students tend to prefer the Modified Instructor-Guided method because they feel it holds them 

more accountable for learning the material, there are fewer outside distractions, and students find 

this method to be more interactive and engaging. There was also an overwhelming number of 

students who mentioned that this method of learning comes more naturally to them since this is 

the method they are most accustomed to. Some disadvantages students found with this method are 

that they do not receive as many practice problems, students become unfocused in class, and if a 

student gets lost during the lecture, it is much harder to catch up again. 

Students tended to prefer Flipped Classroom due to its flexibility with student schedules, 

the ability to watch lectures when students feel motivated to learn and know they will be able to 

stay focused, and short video content is easier to remain engaged. Flipped Classroom also allows 

students to learn at their own pace by pausing and rewinding videos. A few disadvantages students 

found with Flipped Classroom is the inability to ask questions while learning the material, 

therefore, students go to class feeling confused and ill-prepared. This challenge has been a common 

finding with previous Flipped Classroom studies [9, 19]. Students also mentioned that Flipped 

Classroom is too time consuming for the students, however, in the Exit Survey, students reported 

spending, on average, the same amount of time outside of the classroom as the other two methods.  

When asked about why students prefer the PBL method, students mentioned they liked the 

repetitive exposure to concepts due to more practice problems, the ability to interact more with the 

instructor, and it encouraged students to be more hands-on and engaged by interacting with other 

students and attending the instructor’s office hours. A few common disadvantages that students 

mentioned are that the students would divide up the work, so they were not getting a holistic view 

of the content and only became proficient with the topics they solved themselves. Also, when the 

work was divided up, students mentioned that it became much harder to identify which topics they 

were not understanding. Many students did not like the overall flow of the method, specifically 

how they learned the material after solving the case study. They did not feel confident enough in 

the material to know whether they were solving the question correctly. 

Conclusion 

The aim of this study was to determine which teaching method is most conducive for 

students to master the theory and be proficient with software. We applied three different teaching 

methods, including Flipped Classroom, Modified Instructor-Guided, and Problem-Based 

Learning, in an introductory application-based statistics course. Modified Instructor-Guided was 

found to be most influential when learning theory. It allows students to best understand the material 

and feel a sense of confidence when applying it to problems. Flipped Classroom resulted in the 

highest enjoyment and interest in the course. And although Problem-Based Learning resulted in 

the highest confidence in RStudio, both Flipped Classroom and Modified Instructor-Guided 

produced higher results for RStudio understanding. From the results of this study, we can 

recommend a HyFlex version of the Modified Instructor-Guided method in order for students to 

both master the theory and be proficient with software. 
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There are a couple of limitations to this study. The first limitation was that this course was 

delivered as a HyFlex course due to COVID-19, meaning in-person attendance was not enforced. 

To some degree, students could choose their level of involvement in the implemented teaching 

method. There were also no active measures for the active-learning portion of the Flipped 

Classroom method and the PBL method lacked a focus on solving theory-based questions. Both 

of these limitations could have biased our results and should be addressed in future studies. 

Another limitation is the increasing difficulty of the course. Problem-Based Learning was applied 

to a particularly difficult chapter which could have influenced the students’ computational results 

as well as their perception of the method. 

To address these limitations, we suggest conducting this study over multiple semesters to 

try and replicate our results. To remove bias, this study should be conducted on a non-HyFlex 

course, and the methods should be applied on chapters with varying levels of difficulty. This will 

allow for students to receive the intended experience of each teaching method, and we can see 

whether the same preference for the Modified Instructor-Guided method holds.  
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