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ABSTRACT 

 Online classes are often less engaging for students and result in lower levels of 
content knowledge. The goal of this study was to assess the level of student engagement 
and the level of content knowledge obtained between online lab simulations and 
traditional, hands-on labs, as well as determine which type of activity is more engaging 
for a traditional physics student compared to a student in a BlendEd physics course 
(partially online and partially in-person). Data was collected over two units of instruction 
from surveys, formative assessments, summative assessments, the learning management 
system called Canvas, and direct instructor observations. Traditional, hands-on labs were 
found to be more engaging on average for both traditional and BlendEd physics students, 
and they resulted in higher levels of content knowledge compared to the online 
simulations. The most successful BlendEd students were able to work well independently 
and reported high levels of engagement for the online simulations in addition to the 
traditional, hands-on labs. 
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INTRODUCTION AND BACKGROUND 

Context of the Study 

For the last three years, I have taught regular high school physics and a high 

school-level astronomy course at Copper Hills High School (CHHS) in West Jordan, 

Utah. In the 2020-2021 school year, 21 science courses were offered to students at 

CHHS, including concurrent enrollment, advanced placement (AP), elective sciences, 

career and technical education (CTE), and the Blended Education (BlendEd) science 

courses, which will be explained shortly.  CHHS uses a block schedule, where A days 

have periods 1-4 and B days have periods 5-8, which allows each period to be about 80 

minutes. A and B days alternate throughout the school year. The school day starts at 7:30 

a.m. for both A and B days. Because of the COVID-19 pandemic, we had a modified 

schedule where Fridays were set aside completely for teacher preparation and 

collaboration in the morning, with student intervention time in the afternoons where 

students could come in to make up work or get help. 

In the last five years of my teaching career, I have learned that giving myself 

opportunities to learn and stretch my abilities is highly beneficial to me, so when my 

administrative team or the district asks for volunteers to do innovative things, I like to say 

yes when I can. In the fall of 2019, the Jordan School District superintendent, Dr. 

Anthony Godfrey, asked all of the high school administrative teams in the district to offer 

Blended Education (BlendEd) courses in their high schools starting in the 2020-2021 

school year. As a result, my school principal, Bryan Veazie, asked for teachers in the 

school to volunteer to help start the program. I accepted the invitation to create a BlendEd 
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Physics class, in addition to continuing to teach traditional physics and astronomy. Seven 

other teachers in the school also offered to teach BlendEd classes, resulting in a wide 

range of offered courses including math, language arts, history, and chemistry. 

The idea behind blended learning is to give students more freedom and options in 

their learning experience. There are many blended learning models in education, but for 

the purpose of this project, I will explain how blended learning looks for my high school, 

district, and for my own physics BlendEd class in particular. Dr. Godfrey wanted to give 

our district’s students more options for how they will fulfil their graduation requirements. 

It has been a long-standing issue that the first period of the school day is often difficult 

for many students--either because they are still tired and fall asleep in class, or because 

they are often late to school for various personal reasons. Dr. Godfrey wanted to give 

students a late start option without cutting into their educational day, and blended 

learning seemed like it could solve that problem. 

All blended learning courses are some combination of online learning and in-

person collaborative learning. The BlendEd classes being offered at CHHS and 

throughout the district are meant to be a 1st or 5th period class (or a 9th period after 

school in some cases) that students have on their master schedule, but they do not have to 

attend that period every day. The BlendEd courses are largely online and are accessed 

through the learning management system (LMS) called Canvas. Each BlendEd course at 

CHHS looks a little different in regards to how much time is spent in the classroom 

versus on Canvas, depending on the state curriculum requirements for each course. I am 

the only teacher at CHHS teaching BlendEd Physics, and only one period of it is offered 
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currently: 5th period, which is the first period of the day on B-days. In the case of 

BlendEd Physics, learning content takes place mostly online, with hands-on, 

collaborative science experiences (lab activities) happening inside the classroom about 

every other week. These lab activities are scheduled for certain days, and students are 

required to come to class on those days. In addition to having scheduled lab days, 

students have the option of coming to class during any 5th period to get personalized, 

one-on-one intervention from me. 

The purpose of the BlendEd classes at CHHS is to give students the option to 

have the freedom of an online class with the support system of a traditional, brick-and-

mortar class. A purely online class has some drawbacks: while it gives the student the 

autonomy to learn when learning is best for them, they often lack an adequate support 

system from the instructor, peers, and the school itself, and students often find that online 

classes are less engaging which impairs their learning experience. On the other hand, 

while the traditional classroom can have excellent support systems for students, it does 

not lend itself well to every kind of learner--for example, some students struggle to 

engage themselves early in the morning, or perhaps they struggle to focus when they are 

in a classroom with 40 other students. What it comes down to is that there are many kinds 

of learners in the world, and education should not cater to only one kind of student. 

Blended learning is simply another option to give as many students as possible the 

education that they need. 

Before the 2020-2021 school year, I had very little experience teaching online 

courses, and what I was most concerned about with teaching BlendEd Physics was how 
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to create a course with as much or more student engagement as a traditional physics 

course. I wanted to find the perfect balance between giving students autonomy with their 

learning and engaging them in the learning process in an effective way that would 

increase academic achievement (scoring high on formative and summative assessments 

which translates to learning the content well). I was also concerned about what personal 

situations lead students to want to take a BlendEd course and how those situations affect 

the educational experience of those students. Specifically, I want to see if there is a 

correlation between personal student situations and how those situations affect student 

engagement in the course and academic achievement. 

My hope with this research project was to learn how to give different kinds of 

students effective learning experiences. Because this blended learning initiative was new 

to myself, my colleagues, and my administrative team, the information I learned about 

how to effectively engage my students in this course and foster high academic 

achievement will be used to help myself and my colleagues teach these courses more 

effectively in the future. The more engaged my BlendEd students are with their learning, 

the better they will remember the things that they learn in the class. Additionally, many 

of the BlendEd students had never taken online classes, so I hoped that giving them a 

positive experience with adequate supports in place would give them more confidence 

when taking online courses in the future. 

Focus Statement and Research Questions 
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The focus of this study was to determine how student engagement affects 

academic achievement in both BlendEd Physics and a traditional physics course. In 

addition to this focus statement, the following sub-questions were addressed: 

Sub-question 1: How do hands-on, traditional labs compare to online lab 

simulations in fostering high student engagement in a traditional physics class and 

a BlendEd physics course? 

Sub-question 2: How do hands-on, traditional labs compare to online lab 

simulations in fostering high academic achievement in a traditional physics class 

and a BlendEd physics course?  

Sub-question 3: How do the personal situations of students in the BlendEd 

Physics course affect student engagement and academic achievement? 
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CONCEPTUAL FRAMEWORK 

In this section, I will discuss the conceptual framework that surrounds my 

research. I found that the idea of student engagement is quite broad, and I have narrowed 

that field to three subsets: behavioral, emotional, and cognitive engagement. This section 

will also discuss how engagement works for students in a virtual setting, and what 

methods other researchers have used to measure engagement. 

The Three Subsets of Student Engagement 

The following is a well-established fact that any teacher would tell you: the more 

engaged a student is in the learning process, the better they will learn. There have been 

countless studies that all conclude the same thing, spanning from the 1960s to now. For 

example, an article by Klem and Connell (2004) wrote that students engaged in school 

are more likely to earn higher grades and test scores, and have lower drop-out rates. Their 

study consisted of assessing the engagement of elementary and middle school students, 

both with teacher-reported engagement and student-reported engagement, and comparing 

that to overall academic success. In both the elementary and middle school studies, more 

highly engaged students earned higher grades and test scores. This is just one of many 

research studies that have been done on the topic, and almost exclusively, they all have 

the same conclusion: higher engagement garners higher achievement. 

The problem is that the term “engagement” refers to a very broad research topic, 

and researchers all see to define it slightly differently. Generally speaking, student 

engagement refers to the degree of attention, curiosity, interest, optimism, and passion 
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that students show when they are learning or being taught, which extends to the level of 

motivation they have to learn and progress in their education (Glossary of Education 

Reform, 2016). Fredericks et al. (2004) discuss how student engagement should be 

assessed and researched as a multi-faceted construct that includes behavioral 

engagement, emotional engagement, and cognitive engagement. Measuring these subsets 

of student engagement will look different in a traditional classroom compared to an 

online course. Henrie et al. (2015) used the three subsets of student engagement as 

described by Fredericks et al. to determine how each subset could be measured and 

studied. 

Behavioral Engagement 

Behavioral engagement would include the observable student behaviors that 

would theoretically lead to academic achievement, including attendance, homework 

completion, and participation in classroom activities (Fredericks et al., 2004). Measuring 

behavioral engagement in a traditional classroom looks very different than measuring 

behavioral engagement in an online course. For example, in a traditional classroom, 

instructors can produce observational data while watching students participating in 

classroom activities. In an online environment, however, this is much more challenging 

as students are not in the same room as the instructor, and are often participating in the 

class at different times. Henrie et al. (2015) cited examples from other research sources 

how behavioral engagement was operationalized, including: assignments completed; 

frequency of logins; attendance; the number, quality and frequency of online posts; and 

time spent online.  
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Holmes (2018) researched how student engagement in an online class can 

increase by using continuous, low-stakes formative assessments instead of high stakes 

summative assessments. When using the lens of the three subsets of student engagement, 

it is clear to me that Holmes is referring to behavioral engagement. The study refers to 

the number of logins and page clicks students make in an online class. Holmes concludes 

that the more often students engage with the online platform, they reach higher academic 

achievement based on formative assessment grades. 

Emotional Engagement 

Emotional engagement includes the feelings that students have about their 

learning experience, which includes feelings of interest, frustration, or boredom. 

Emotional engagement also includes feelings relating to social interactions with peers 

and instructors (Fredericks et al., 2004). Henrie et al. (2015) also cited examples from 

other research sources how emotional engagement was operationalized, measuring 

happiness, anxiety, boredom, interest, passion, sense of class community, visible 

expressions of pleasure, and student-student interactions. 

A study done by Northey et al. (2015) suggests that empowering students to co-

create the learning experience improves engagement. They suggest that one way to make 

students stakeholders in their own learning comes from asynchronous instruction, or 

instruction outside the classroom. They specifically site discussion pages on social media 

or other virtual environments:  

Students can post comments or pose questions and expect that others will respond 
when they log on to the same platform. Such asynchronous interaction offers many 
benefits. By logging on at a self-determined time of readiness, learners also will be 
more focused on task-specific learning behavior; moreover, because interactions 
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within the group are not in real time, students have the opportunity to absorb and 
consider information before responding. This type of experiential learning leads to 
more effective learning.  
 
Northey et al. (2015) hypothesize that participation in asynchronous learning 

positively influences perceived student engagement. As perceived student engagement 

increases, student motivation and commitment also increase. In the lense of the three 

subsets of student engagement by Fredericks et al. (2004), the mindset shift would 

positively affect emotional engagement, since the feelings that students have towards 

learning would be affected positively: they would feel more involved socially. 

Interestingly, the authors specifically cite Facebook as a good platform for asynchronous 

learning to take place. The reason why many students liked using Facebook for these 

discussions was because they were familiar with it and there was an app that increased 

convenience. Theoretically, similar to Facebook, the discussion portion of Canvas should 

feel convenient and familiar to students in the BlendEd courses since there is now an app 

for it that they can access at any time. The whole premise of this article is that Blended 

learning can, in and of itself, increase engagement, simply because students have the 

opportunity to take learning into their own hands.  

In order to help me learn more about what is engaging for students, I read a book 

titled “Student Engagement Online: What Works and Why” by Katrina A. Meyer (2014). 

One suggestion in the book to increase engagement is to focus on students putting forth 

effort and work--assignments that ask students to do something (work in a group, solve a 

problem, prepare a project, experience a situation, etc.) will really help engage students. 

It is also important that every assignment has a “why” that the students understand. After 
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reviewing multiple learning theories, the author boils it down to a few key ideas: 

instructors need to include experiences that emphasize active learning, collaborative 

learning, and experiential or transformative learning; course-related experiences ought to 

engage students with content, other students, and outsiders; and course-related 

experiences ought to help create a sense of community that has an educational purpose. 

All of this comes back to emotional engagement as explained by Fredericks et al. (2004): 

if students are emotionally invested in learning the content because they feel like they are 

part of a learning community, their engagement will increase. 

Cognitive Engagement 

The final subset of student engagement is cognitive engagement. Cognitive 

engagement focuses on the effort learners give to effectively understand what is being 

taught, including self-regulation and metacognitive behaviors (Fredericks et al., 2004). 

Henrie et al. (2015) also cited examples from other research sources how cognitive 

engagement was operationalized, including improved understanding, problem-solving 

behavior, perceived value or relevance, literate thinking, and challenge. 

Henrie et al. (2015) concluded that measuring all three subsets of student 

engagement (behavioral, emotional, and cognitive) would require quantitative and 

qualitative self-reporting measures, as well as quantitative observational measures. The 

most common form of quantitative and qualitative self-reporting was student surveys, 

though surveys can have drawbacks, such as being tedious and taking time away from 

student learning opportunities. 
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Student Engagement in a Virtual Setting 

In addition to the theoretical framework for engagement presented by Fredericks 

et al. (2004), Beer et al. (2010) define the term engagement slightly differently: 

engagement is seen to comprise active and collaborative learning, participation in 

challenging academic activities, formative communication with academic staff, 

involvement in enriching educational experiences, and feeling legitimated and supported 

by university learning communities. These elements depend on various combinations of 

social interactions between instructors, students, and content. The authors explain how 

learning environments directly affect student engagement by setting the stage for how 

and where these social interactions take place, and in the case of online courses, the LMS 

being used will be a huge factor. 

Typically, engagement in a traditional classroom starts with attendance (Beer et 

al., 2010). Using that notion, the authors assumed that the equivalent of attendance with 

online courses is how often students interact with the LMS. This would be related to the 

Behavioral engagement as defined by Fredericks et al. (2010). Using data from the 

University, Beer et al. (2010) compared overall grade and number of clicks in the LMS 

and found a clear correlation: students typically scored higher when they interacted with 

the LMS more. Interestingly, they also accumulated data showing a correlation between 

student grades, number of clicks on the LMS, and whether or not the instructor of the 

course participated in the LMS forum discussions: not surprisingly, when the instructor 

participated in the online discussions, there were more page clicks. Even though this 
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research only really looked at page clicks in the LMS to indicate engagement, this relates 

directly to the quantitative observation methods mentioned by Henrie et al. (2015). 

Methods of Measuring Engagement 

Part of my research is to compare student engagement data to academic 

achievement data. To give me more examples of how student engagement is measured, I 

found a study done by Ferebee (2013) in which the author compares student engagement 

for multiple types of assessments throughout multiple units. The author started the 

treatment with a student survey to determine the learning styles of the students to 

determine what students self-identify to be engaging for them. During each unit, the 

author conducted interviews, reviewed student journals, and administered a “section test” 

which was short and focused on low-level skills like recall. Each unit culminated in an 

“authentic assessment” instead of a traditional summative assessment. Student journal 

entries were meant to assess “student attitudes” towards specific assignments and their 

understanding of content. The student survey was administered pre-treatment, during 

treatment, and post-treatment to show change in student engagement and learning styles. 

The author also provided parent surveys through email to gauge at-home learning 

involvement. The author used test data from previous school years to compare academic 

achievement using his new treatment.  

Another study by Zupke (2012) showed how student engagement can be 

measured. The author used student surveys--pre-treatment, during treatment, and post-

treatment--to analyze how the use of technology affected student attitudes towards 

science, as well as to measure engagement. The author compared assessment scores and 
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student attitudes towards the use of technology in the classroom and found a positive 

correlation. The author also discussed how using interactive technology-based 

assessments instead of typical formative assessments increases student attitudes toward 

science and increases overall academic achievement. This study and the Ferebee, T.J. 

(2013) study both show that in order to determine how the blended learning model is 

affecting student engagement and achievement will require consistent and concise student 

surveys, personal interviews, and other forms of qualitative data collection, as well as 

comparing those results to qualitative academic data (such as comparing summative 

assessment data with student engagement analysis). 

I read a case study done by Mills (2011) that was very similar to how I want to 

complete my research. The purpose of the study was to compare student academic 

achievement of online mathematics and science courses to a traditional course. The data 

collection methods that the author used are similar to what I plan to use with my research, 

including exit surveys given at the end of the online course, student interviews, and 

student grades. The student survey was thorough and asked demographic questions, 

questions about experiences with online education past and present, and a course 

evaluation. While the survey and this case study didn’t specifically measure engagement, 

the format of the survey would lend itself well to measuring student engagement. The 

author came to the conclusion that students enrolled in an online class make sufficient 

academic progress, but that a “hybrid-type” course (i.e. blended learning) may be more 

effective because many online students missed the teacher-student interaction and having 

access to a teacher to receive help.  
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METHODOLOGY 

The purpose of this research was to determine if there is a correlation between 

student engagement and the learning of the content (achievement), and if there is a 

difference in this relationship between a traditional physics student and a BlendEd 

physics student. I used surveys, direct observations, data from a learning management 

system (LMS), formative assessments, and summative assessments to determine any 

correlation between engagement and academic achievement. Generally speaking, the 

students in this study were between grades 10 and 12, and typically came from white, 

lower- to middle-class families. The traditional physics students were typically high-

achieving students in previous, different courses, while the BlendEd students were mixed 

level. The research methodology received an exemption from Montana State 

University's Institutional Review Board (Appendix A). 

Demographics 

CHHS is one of seven high schools in the Jordan School District, and it serves 

2,778 students in grades 10-12. The Jordan School District is mostly suburban and urban 

communities, and it is one of the fastest-growing school districts in the state of Utah, 

ranking 4th in Utah in the number of students enrolled. CHHS is a suburban high school 

with a diversity score of 0.45, which is higher than the Utah average of 0.42 (the diversity 

score is the calculated chance that two students selected at random would be members of 

a different ethnic group). Seventy-one percent of the student population is white, with 

Hispanic at 22%. Twenty-two percent of the student population qualify for free or 
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reduced lunch. CHHS has a higher graduation rate at 91% than the state average of 86%, 

but students have consistently scored lower in math and reading/language arts proficiency 

than the state average (Public School Review, 2018).  

I only had one period of BlendEd Physics to collect data from, and I chose to use 

data from only one traditional physics class as my comparison, which was my 7th period. 

A total of 7 students were enrolled in my BlendEd Physics class, all of whom participated 

in the research, and 23 students in my 7th period chose to participate. In the BlendEd 

class, there were 2 female students and 5 male students. In the traditional class, there 

were 15 female students and 8 male students. 

Treatment 

In order to gauge how student engagement affects academic achievement in my 

BlendEd Physics course compared to the traditional physics course, I measured student 

engagement and academic achievement in both my traditional physics class and the 

BlendEd class over one term, which consisted of two units of instruction: Unit 1 - Motion 

and Unit 3 - Momentum. During each unit, students participated in one hands-on, 

traditional lab, and one online simulation. I chose to compare these two kinds of activities 

because using online simulations was a suggested teaching strategy for blended learning 

science courses when our district was first working on curriculum. I felt that one of the 

biggest drawbacks of taking an online science course was the loss of the lab experience, 

and I wanted to determine if those online lab simulations could successfully produce the 

engagement and level of content learning that took place in traditional hands-on labs. 

While the labs and simulations had different overall learning goals attached to them, the 
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associated learning goals of both were part of the unit summative assessment, which took 

place at the end of each unit. In that way, I could compare the overall level of 

understanding of those learning goals after the formative assessments (the labs and 

simulations) to their level of understanding at the end of the unit. All formative and 

summative assessments during the research period were the same for both the BlendEd 

students and the traditional students. 

For the hands-on, traditional labs, students were given a research question to 

answer, and after completing the data collection part of lab, they were required to write a 

“claim-evidence-reasoning” (CER) response to the original investigative question, which 

was used to help me determine the level of understanding students had of the content. For 

the online simulations, students used an online lab simulation website called Explore 

Learning. The online simulations are called “Gizmos”, which were accessed through the 

Explore Learning website. Students were required to follow a worksheet with instructions 

as to what they should do with the simulation. They answered written questions by using 

the simulation, and the answers to those questions were used to assess their level of 

understanding of the learning goals. 

Data Collection and Analysis Strategies 

The data collection matrix below includes my primary research question for my 

action research project along with three sub-questions that will focus my data collection. 

The matrix includes six methods of data collection that I plan to use. These collection 

methods were chosen in order to best triangulate and validate the data I collect and 

support my interpretation of the results. 
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Table 1. Data Collection Matrix. 

Focus Questions Data Source 1 Data Source 2 Data Source 3 Data Source 4 
1. How do hands-
on, traditional 
labs compare to 
online lab 
simulations in 
fostering high 
student 
engagement in a 
traditional physics 
class and a 
BlendEd physics 
course? 
 

Student Surveys Direct Instructor 
Observations 

LMS Behavioral 
Data 

 

2. How do hands-
on, traditional 
labs compare to 
online lab 
simulations in 
fostering high 
academic 
achievement in a 
traditional physics 
class and a 
BlendEd physics 
course? 
 

Formative 
Assessments 

Summative 
Assessments 

  

3. How do the 
personal 
situations of 
students in the 
BlendEd Physics 
course affect 
student 
engagement and 
academic 
achievement? 
 

Student Surveys LMS Behavioral 
Data 

Formative 
Assessments 

 

Summative 
Assessments 

 

In the following section, I will describe each data collection method in detail. 

These five data collection methods were meant to work cohesively to give me clear data 

correlations and therefore determine how student engagement affects academic 

achievement in both a traditional classroom and a BlendEd course. When analyzing the 

data I collected, I compared student engagement ratings (using the surveys, LMS data, 
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and observations) to the formative assessment scores. Additionally, I compared the 

formative assessment scores to the summative assessment scores to see if there was a 

correlation between the activities to help learn content and retaining the content. 

Ultimately, I analyzed the scores for specific learning objectives, and the relative student 

engagement when learning the content, to conclude whether engagement factors into 

academic achievement, and compare the traditional student data to the BlendEd student 

data to see if there was a correlation between student engagement and the type of learning 

experience. Lastly, I compared student backgrounds to engagement data and academic 

achievement data to determine if there is any kind of correlation between the type of 

BlendEd student who does well in the class and feels engaged, and one who does not do 

well in the class and does not feel engaged. 

Student Surveys 

One of the primary data collection methods that I used were the self-reported 

student surveys. Understanding student engagement cannot be based solely on outward 

observations. Collecting data on the level of emotional and cognitive engagement in 

particular requires a certain amount of trust that students can accurately assess what they 

are feeling and sharing those feelings accurately. This is where self-report student 

surveys came in. I gave each student in both my traditional physics 7th period class 

(N=23) and BlendEd Physics course (N=7) a total of eight surveys throughout the 

research period.  

Because I needed to compare engagement data to academic data, all surveys 

included the student names. However, I did not use the students’ full names in the data 
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analysis section of this paper, only their initials in order to protect their privacy. All of the 

surveys were distributed electronically using Google Forms. This kept the data organized 

electronically, which made analyzing the data easier. Students accessed the link to the 

Google Forms through the LMS Canvas. 

Because the research period took place during the first quarter of the school year, 

I didn’t know my students personally very well while I collected data about student 

engagement. Therefore, I gave each student a survey at the beginning of the research 

period which helped me get to know their background (Appendix B). This survey 

included student experiences with online classes, preferred learning styles, and the 

student’s home situation when it comes to academic support. The main goal with this was 

to see if there is a correlation between a student’s personal situation, their decision to take 

a blended learning course, and their overall ability to do well in that course. 

There were a total of four assignments that I collected data from: two hands-on, 

traditional labs, and two online lab simulations. These assignments covered two units of 

instruction, as explained in the treatment section. Each activity had a survey that students 

took after completing the activity (Appendices C through F). The survey itself consisted 

of qualitative questions that assessed the three subsets of student engagement: behavioral, 

emotional, and cognitive. The surveys were the same for each assessment, with the 

exception that one question at the end specifically asked students how well the activity 

helped them learn the specific content related to the activity. The survey was given 

immediately after the assignment to ensure the best recall from students. These surveys 
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were designed to be short to prevent “burnout”, since the students needed to take four 

activity surveys over the course of the research period. 

At the end of the research period, after both units were completed, I gave an exit 

survey to all students (Appendix G). The purpose of this survey was to learn the overall 

level of student engagement that occurred throughout the research period. The questions 

on this survey reflect the level of behavioral, emotional, and cognitive engagement 

throughout the research period as reported by the student, including questions assessing 

what types of assignments were the most engaging to them. 

I had two main goals when I analyzed the data collected in these surveys: 1) to 

compare how engaged students felt between the hands-on labs and the online simulations; 

and 2) to find any correlations between relative levels of engagement for the online 

simulations and hands-on labs and personal information about the students. In order to 

address these goals, I looked at the overall levels of engagement for behavioral, 

emotional, and cognitive engagement using the questions in the activity surveys where 

students select on a scale of one through five their level of engagement during the 

activities. Then, I compared the levels of engagement for individual students to their 

personal situations given in the introductory survey to determine if there were any 

connections. 

My strategy for analyzing and representing the data collected from the student 

surveys was fairly straight-forward. I averaged the overall engagement levels for students 

when completing the online simulations and compared that score to the average overall 

engagement levels when completing the hands-on labs. The scores the students reported 
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were on a scale of 1 through 5, with 5 being that the student felt highly engaged more 

than 80% of the time. I did this for both units of instruction to look for a correlation 

between assessment type and level of overall engagement. I graphed those engagement 

scores to better visualize the difference between the online simulations and the hands-on 

labs, as well as to compare the reported engagement between the BlendEd students and 

the traditional students. Additionally, I reported relevant student comments collected 

from the surveys that related to the experiences of the BlendEd students. 

Direct Instructor Observations 

In addition to the student surveys, another key part of collecting data about 

student engagement is to directly observe student behaviors. Even though the surveys 

reported each student’s perspective on their own behavioral engagement, it is better to 

have an outside perspective as well to compare it with.  

As stated previously, there were four activities throughout the research period that 

I collected behavioral observations about: two hands-on labs and two online simulations. 

During the hands-on labs, all students were physically in the classroom, including my 

BlendEd students. Students worked in small groups, and during the course of the lab, I 

walked around (or sat at my desk) and observed each student’s behavior. In a notebook, I 

wrote down my observations of the behavior of individual students, as well as the group 

as a whole. I looked for on-task behaviors, such as writing on their lab report, discussing 

lab data and results with their peers, and asking questions. I also looked for off-task 

behaviors, such as using a cell phone, talking about unrelated topics, or staring off into 

space. 
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Making direct observations of the online simulations was trickier. My 7th period 

traditional physics class completed one of these simulations in class on computers and the 

other simulation at home when we went to virtual learning because of the COVID-19 

pandemic. I utilized a similar method to what is stated above for that first in-class 

simulation. Students completed these simulations individually, so I looked for on-task 

and off-task behaviors of individuals while they completed the assignment. However, my 

BlendEd students completed these assignments on their own time, so I wasn’t able to 

observe them directly, nor for the second simulation activity for my 7th period.  

For this particular instrument, there wasn’t a lot of data analysis and 

representation required. I simply wrote down observations such as, “(student name) was 

on his phone for approximately 5 minutes, and then returned to work”. Relevant 

observations are explained qualitatively in the data analysis section. 

LMS Behavioral Data 

Because the BlendEd students do most of their learning outside of the classroom, 

I cannot make direct observations of their learning behavior. As an alternative solution, I 

decided to collect user data from the LMS Canvas. This idea came from the research of 

Henrie et al. (2015) that referenced how behavioral engagement for an online class is 

related to the frequency of logins on the LMS, and overall time spent online. Beer et al. 

(2010) had a similar suggestion: that engagement starts with attendance, and the 

equivalent of attendance for an online class is interaction with the LMS. Therefore, to 

gauge behavioral engagement, I collected data on the number of page views and 

“participation” actions that occurred for each student during the research period. This 
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LMS data was organized electronically in a spreadsheet to make it easier to analyze the 

data in an effective and clear way. This data was then graphically organized by number of 

page views in a given time period for each student to compare the number of page views 

during the unit of instruction to the overall level of learning that occurred to see if there 

was a correlation. 

The analytics system on Canvas collects data on how many page views a student 

had on a given day, as well as “actions taken” on that day. The actions that Canvas counts 

are submitting an assignment or quiz, commenting in a discussion, or joining a 

conference. These statistics were collected and used as behavioral engagement data, 

which replaces attendance data or participation data in a physical classroom.  

Although it has not been mentioned often up to this point in this paper, the 

COVID-19 pandemic was in full swing during my research period. For most of the 

research period, students were still attending school in-person, but our administrators 

strongly encouraged most if not all of our assignments and content to be on Canvas so 

that if and when we did move to virtual learning, our students would already be 

comfortable with the process of doing assignments online. Because of rising COVID-19 

cases in Utah, we switched to virtual learning for most of Unit 3. It was then that it 

became important for me to collect LMS behavioral data for my traditional students as 

well as my BlendEd students. I collected data for which students attended class via 

Zoom, as well as when students completed their assignments. 
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Formative Assessments 

The formative assessments that I collected academic data from were the same two 

assignments from each unit that I collected engagement data about: the traditional hands-

on lab and the online simulation. As mentioned previously, each lab will have a section 

where students will need to demonstrate their understanding of the content in how it 

relates to the activity. This section included an analysis section and CER paragraph where 

the student is graded on their explanation of the content. There was a section in each 

unit’s summative assessment that related to the content learned in the lab activities, in 

order to determine how the activity influenced their retention of knowledge.  

For Unit 1, the hands-on lab activity was called “Pull Back Car Lab” (Appendix 

H). Students collected motion data for a toy pull-back car, graphed it, and answered the 

question, “Do pull-back toy cars accelerate?” They wrote a CER response where they 

claimed an answer and had to reason why they thought that based on evidence collected 

during the lab. On the Unit 1 summative test, they were required to look at a graph and be 

able to tell if the object is accelerating, which is what the learning objective of the lab 

was.  

For Unit 3, the hands-on lab was called “Pumpkin Drop” (Appendix I). It is a 

famous thing at CHHS--students hear about it from older siblings and friends, and for a 

lot of students, it’s what makes them want to take physics. The objective is to build a 

contraption that will save a pumpkin being dropped from the roof of the school. 

Ultimately, the learning goal is to calculate the impulse (change in momentum) of the 

pumpkin as it hits the pumpkin catcher. In the Unit 3 summative assessment, students 



25 
 
were asked to calculate impulse using the change in velocity of a mass, which would 

directly relate to their objective in the pumpkin drop. 

The online simulations were also used as formative assessments. The Unit 1 

online simulation was called “Distance-Time Graphs Gizmo” (Appendix J). Students 

were given a worksheet that showed them critical concepts about motion and position-

time graphs using the simulation. On the worksheet, students were required to do certain 

tasks in the Gizmo and answer questions that would help guide them to the learning 

objective, which was understanding the relationship between position, time, and velocity. 

I picked specific questions in the worksheet that would show me if students were 

understanding that relationship correctly.  

The online simulation for Unit 3 had a similar design to the Unit 1 Gizmo 

assignment. The Unit 3 simulation was called “Air Track Gizmo” (Appendix K), and 

again, students were given a worksheet that would walk them through certain tasks in the 

simulation that would lead them to the learning objective: in this case, that the total 

momentum in a system is always conserved before and after a collision. Again, I chose 

specific questions in the worksheet to analyze and collect data from to determine the level 

of understanding students had about the learning objective. 

To analyze the data collected from these formative assessments, I rated each 

student’s level of understanding of the specific content on a scale of 1 to 5, 5 being they 

understood it completely, and 1 being they did not understand at all. I created a 

spreadsheet where I put a “level of understanding” score next to each student’s name, and 

then I average that score for both the traditional class and the BlendEd class (for students 
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who did not complete the assessment, I left their score blank). I put those averaged scores 

in the data analysis section of this paper. 

Summative Assessments 

For both units of instruction, I gave a summative assessment. Having common 

assessments (both formative and summative) allowed me to compare academic 

achievement between the BlendEd students and traditional students more accurately. If 

there is a significant difference between the average summative assessment scores of the 

BlendEd students and the traditional students, it would indicate which teaching method is 

more effective for the students currently enrolled in each class. 

The summative assessments were broken down into sections based on the 

learning objectives for each unit. The purpose of this was to more easily see which 

learning objectives were met by each student. Using this information, I was able to 

determine which sections and assignments of the unit are less effective at teaching the 

learning objectives, and more specifically, compare the effectiveness of the online 

simulations and the hands-on labs for teaching that content. In order to eliminate bias as 

much as possible, the test was distributed to both the BlendEd and traditional students 

using Canvas. The traditional students took the Unit 1 summative test on computers 

during class, and took the Unit 3 test at home during virtual learning due to the soft-

closure of CHHS during the COVID-19 pandemic. The BlendEd students completed both 

summative assessments at home on computers. 

For the Unit 1 summative test, I chose 6 questions on the test that I felt really 

matched the learning objectives for the two formative assessments (3 questions for each 
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learning objective). Three questions were chosen to analyze student understanding of the 

relationship between position, time, and velocity, and the other three questions were 

chosen for the acceleration learning objective. I made a note of the answer each student 

selected for each question, looked for common mistakes, and of course which students 

got the question right. I compared the overall average accuracy for each learning 

objective for both the BlendEd and traditional students. I used a similar method for the 

Unit 3 summative test. I selected three questions that showed understanding of 

calculating impulse, and three questions for the conservation of momentum. 

To more easily analyze the data collected, I created a spreadsheet with each 

student’s name and marked which questions the student got right. Since each learning 

objective had three questions that I was assessing, I average the relative accuracy of each 

question, and then calculated the overall accuracy of students for that learning objective. 

This data is organized in a table in the data analysis section. 
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DATA ANALYSIS 

Results 

In this section, I will show engagement and content knowledge data for each 

formative assessment in Unit 1 and Unit 3, and compare this data to the content 

knowledge data collected from the unit summative assessment. I will then summarize the 

trends found between the engagement data and the content knowledge data. I will also 

discuss the qualitative data collected from the surveys about the personal situations of my 

BlendEd students in order to compare it to their overall engagement and content 

knowledge. Claims for this study’s three focus questions are also summarized in this 

section. Lastly, there is a brief statement about how the COVID-19 pandemic affected my 

data collection and results. 

Unit 1 Motion Data 

Unit 1 was about understanding motion. The two formative assessments chosen 

were #1 Distance-Time Graphs Gizmo (the online simulation) and #2 Pull-Back Cars Lab 

(the traditional hands-on lab). After each formative assessment, I gave students a survey 

in order to assess their own personal feelings of engagement during the activity. The 

survey for #1 Distance-Time Graphs Gizmo gave the engagement data found in Figure 1 

as reported by students on a scale of 1 to 5, 5 being very high levels of engagement 

throughout the activity.  
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Figure 1. Levels of behavioral, emotional, and cognitive engagement for #1 Distance-
Time Graphs Gizmo as reported by the students. 

In order to assess how well students understood the content of #1 Distance-Time 

Graphs Gizmo, I chose a few specific questions from the assignment to rate the level of 

student understanding. I rated their understanding of the relationship between position, 

time, and velocity on a scale of 1 to 5, 5 being fully understood the relationship as shown 

graphically, and 1 being did not understand the relationship at all. These results are 

summarized in Table 2.  
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Table 2. Number of students who scored a specific rating of understanding of the 
graphical relationship between position, time and velocity from #1 Distance-Time Graphs 
Gizmo formative assessment. 
 1 2 3 4 5 Average 

Class 
Rating 

BlendEd, 
N=5 

0 0 0 3 2 4.4 

Traditional, 
N=20 

0 0 2 9 9 4.35 

 
In the survey for #1 Distance-Time Graphs Gizmo, I asked students to rate the 

usefulness of the activity on a scale of 1 to 5, 5 being very helpful and 1 being not helpful 

at all, in helping them grow their understanding of the relationship between position, 

time, and velocity (Figure 2).  

Figure 2. Student reported rating of the usefulness of #1 Distance-Time Graph Gizmo for 
growing student understanding of the relationship between position, time, and velocity. 
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Two weeks after students completed #1 Distance-Time Graphs Gizmo, students 

completed #2 Pull-Back Cars lab, which was the traditional hands-on lab. Students were 

given the #2 Pull-Back Cars Lab survey to assess their personal feelings of engagement 

during the activity on a scale of 1 to 5, 5 being very high levels of engagement 

throughout the activity, and that data is summarized in Figure 3.  

Figure 3. Levels of behavioral, emotional, and cognitive engagement for #2 Pull-Back 
Cars Lab as reported by the students. 

In order to assess how well students understood the content of #2 Pull-Back Cars 

Lab, I chose a few specific questions from the assignment to rate the level of student 

understanding. I rated their understanding of the concept of acceleration on a scale of 1 to 

5, 5 being fully understood acceleration is any change in velocity, and 1 being did not 

understand acceleration at all. These results are summarized in Table 3.  
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Table 3. Number of students who scored a specific rating of understanding acceleration 
from the #2 Pull-Back Cars Lab formative assessment. 
 1 2 3 4 5 Average 

Class 
Rating 

BlendEd, 
N=6 

1 0 1 1 3 3.83 

Traditional, 
N=21 

4 2 1 7 7 3.52 

 
In the survey for #2 Pull-Back Cars Lab, I asked students to rate the usefulness of the 

activity in helping them grow their understanding of acceleration, 5 being very helpful 

and 1 being not helpful at all. Those rating results are shown in Figure 4. 

Figure 4. Student reported rating of the usefulness of #2 Pull-Back Cars Lab for growing 
student understanding of acceleration. 

When comparing #1 Distance-Time Graphs Gizmo and #2 Pull-Back Cars Lab, 

overall student engagement appears to be slightly higher for the traditional, hands-on lab 

than for the online simulation, as shown in Figure 5. This seems to fit my personal 
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observations as well, when observing students participating in both activities. I was able 

to observe both the online simulation and the traditional, hands-on lab for my traditional 

classes, and while most students were engaged with the work most of the time for both 

activities, it was clear to me from a subjective standpoint that students were more 

emotionally invested while completing the traditional, hands-on lab. They were able to 

discuss their results with each other during #2 Pull-Back Cars Lab, but did not engage in 

discussion during #1 Position-Time Graphs Gizmo, which is why I think they reported 

higher engagement scores in the survey. For my BlendEd students, I was unable to 

directly observe them completing #1 Position-Time Graphs Gizmo, but in the survey, my 

BlendEd students reported significantly higher behavioral engagement during the 

traditional, hands-on lab, but lower cognitive engagement. 

Figure 5. Student-rated overall engagement between #1 Distance-Time Graphs Gizmo 
and #2 Pull-Back Car Lab. 
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In order to determine how the level of engagement affected student understanding 

of the concepts, I picked a few questions on the summative assessment that addressed the 

key concepts learned in each formative assessment: I picked three questions on the 

summative assessment that addressed the relationship between position, time, and 

velocity, and three questions that addressed acceleration. I collected data for how many 

students got each question correct and incorrect, and calculated an average accuracy for 

the BlendEd class and the Traditional class. This data is summarized in Table 4 and Table 

5, which show the results for the questions about the relationship between position, time, 

and velocity and for the questions about acceleration, respectively. 

Table 4. Relative student understanding of the relationship between position, time, and 
velocity as determined by the accuracy of three questions in the Unit 1 summative 
assessment. 
 Question 5 Question 19 Question 20 Total Accuracy 

Correct Incorrect Correct Incorrect Correct Incorrect 

BlendEd, 
N=7 

7 0 5 2 4 3 16/21 0.762 

Traditional, 
N=20 

18 2 14 6 15 5 47/60 0.783 

 

Table 5. Relative student understanding of the acceleration as determined by the accuracy 
of three questions in the Unit 1 summative assessment. 
 Question 6 Question 12 Question 17 Total Accuracy 

Correct Incorrect Correct Incorrect Correct Incorrect 

BlendEd, 
N=7 

4 3 7 0 7 0 18/21 0.86 

Traditional, 
N=20 

18 2 18 2 18 2 54/60 0.9 
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Unit 3 Momentum Data 

Unit 3 was about understanding momentum. The two formative assessments 

chosen were #3 Pumpkin Drop (the hands-on, traditional lab) and #4 Air Track Gizmo 

(the online simulation). After each formative assessment, I gave students a survey in 

order to assess their own personal feelings of engagement during the activity on a scale of 

1 to 5, 5 being very high levels of engagement throughout the activity. The survey for #3 

Pumpkin Drop gave the engagement data found in Figure 6 as reported by students.  

Figure 6. Levels of behavioral, emotional, and cognitive engagement for #3 Pumpkin 
Drop as reported by the students. 

In order to assess how well students understood the content of #3 Pumpkin Drop, 

I chose one part of the assignment to rate the level of student understanding. I rated their 

ability to correctly calculate impulse on a scale of 1 to 5, 5 being they calculated impulse 

correctly, and 1 being did not calculate impulse at all. In this case, there were no students 
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who received a rating of 2, 3, or 4 because they either showed their work and completed 

it correctly, or they didn’t show their work at all. These results are summarized in Table 

6.  

Table 6. Number of students who scored a specific rating of understanding acceleration 
from the #3 Pumpkin Drop formative assessment. 
 1 2 3 4 5 Average 

Class 
Rating 

BlendEd, 
N=3 

2 0 0 0 1 2.33 

Traditional, 
N=16 

7 0 0 0 9 3.25 

 
In the survey for #3 Pumpkin Drop, I asked students to rate the usefulness of the 

activity in helping them grow their understanding of impulse, 5 being very helpful and 1 

being not helpful at all (Figure 7).  

Figure 7. Student reported rating of the usefulness of #3 Pumpkin Drop for growing 
student understanding of impulse. 
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Two weeks after students completed #3 Pumpkin Drop, students completed #4 

Air Track Gizmo, which was the traditional hands-on lab. Students were given the #4 Air 

Track Gizmo survey to assess their personal feelings of engagement during the activity 

on a scale of 1 to 5, 5 being very high levels of engagement throughout the activity 

(Figure 8).  

Figure 8. Levels of behavioral, emotional, and cognitive engagement for #4 Air Track 
Gizmo as reported by the students. 

In order to assess how well students understood the content of #4 Air Track 

Gizmo, I chose a few specific questions from the assignment to rate the level of student 

understanding. I rated their understanding of the concept of conservation of momentum 

on a scale of 1 to 5, 5 being fully understood conservation of momentum, and 1 being did 

not understand conservation of momentum at all. These results are summarized in Table 

7.  
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Table 7. Number of students who scored a specific rating of understanding conservation 
of momentum from the #4 Air Track Gizmo formative assessment. 
 1 2 3 4 5 Average 

Class 
Rating 

BlendEd, 
N=4 

0 0 1 1 2 4.25 

Traditional, 
N=16 

0 0 1 2 13 4.75 

 
In the survey for #4 Air Track Gizmo, I asked students to rate the usefulness of 

the activity in helping them grow their understanding of the conservation of momentum, 

5 being very helpful and 1 being not helpful at all (Figure 9).  

Figure 9. Student reported rating of the usefulness of #4 Air Track Gizmo for growing 
student understanding of the conservation of momentum. 

When comparing #3 Pumpkin Drop and #4 Air Track Gizmo, overall student 

engagement for #3 Pumpkin Drop appears to be higher for both my BlendEd students and 

traditional students, as shown in Figure 10. This is not surprising since the emotional and 
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cognitive engagement scores were significantly higher for #3 Pumpkin Drop. 

Unfortunately, due to a school-wide quarantine that took place during much of Unit 3, I 

was unable to physically observe either my BlendEd or traditional students as they 

completed #4 Air Track Gizmo, and for part of #3 Pumpkin Drop, so I do not have any 

observational data to add to the engagement analysis. 

Figure 10. Student-rated overall engagement between #3 Pumpkin Drop and #4 Air Track 
Gizmo. 

In order to determine how the level of engagement affected student understanding 

of the concepts, I picked a few questions on the summative assessment that addressed the 

key concepts learned in each formative assessment: I picked three questions on the 

summative assessment that addressed impulse, and three questions that addressed the 

conservation of momentum. I collected data for how many students got each question 

correct and incorrect, and calculated an average accuracy for the BlendEd class and the 
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Traditional class. This data is summarized in Table 8 and Table 9, which show the results 

for the questions about impulse and for the questions about conservation of momentum, 

respectively. 

Table 8. Relative student understanding of impulse as determined by the accuracy of 
three questions in the Unit 3 summative assessment. 
 Question 15 Question 17 Question 20 Total Accuracy 

Correct Incorrect Correct Incorrect Correct Incorrect 

BlendEd, 
N=4 

4 0 2 2 3 1 9/12 0.75 

Traditional, 
N=21 

19 2 17 4 18 3 54/63 0.86 

 

Table 9. Relative student understanding of conservation of momentum as determined by 
the accuracy of three questions in the Unit 3 summative assessment. 
 Question 8 Question 13 Question 14 Total Accuracy 

Correct Incorrect Correct Incorrect Correct Incorrect 

BlendEd, 
N=4 

3 1 0 4 2 2 5/12 0.42 

Traditional, 
N=21 

20 1 12 9 10 11 42/63 0.67 

 

Comparison and Synthesis of Data 

When making direct comparisons between the data sets above, there are some 

immediate trends that can be seen. For example, in both Unit 1 and Unit 3, students 

reported higher overall levels of engagement for the traditional, hands-on lab when 

compared to the online simulation. While the engagement scores were still relatively high 

for the online simulations overall, the online simulations both scored lowest in the 
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emotional engagement category. Additionally, the traditional students seemed to have 

higher levels of engagement in the hands-on, traditional labs than the BlendEd students. 

However, when comparing overall engagement for the online simulations, the BlendEd 

students and traditional students reported very similar levels. 

Another interesting trend is that both classes scored lower on the summative 

assessment on the questions with content related to the material learned during the online 

simulations. In the Unit 1 summative assessment, both the BlendEd students and 

traditional students scored lower on the questions related to the relationship between 

position, time, and velocity, which was the content learned during #1 Position-Time 

Graphs Gizmo. Similarly, on the Unit 3 summative assessment, both the BlendEd 

students and traditional students scored significantly lower on the questions related to the 

conservation of momentum, which was the content learned in #4 Air Track Gizmo. 

In contrast to the summative assessment findings, I found that students understood 

the content better from the online simulations in the moment compared to understanding 

the content from the traditional hands-on labs in the moment. When comparing the 

overall understanding for the formative assessments, students scored higher on the online 

simulation formative assessments than the hands-on formative assessments. This seems 

to contradict the summative assessment results. I’m not entirely sure why this would 

happen, but I can hypothesize: these trends suggest that online simulations might be best 

helping students learn certain, basic concepts, but the hands-on labs help students retain 

their knowledge and recall it more easily when the summative assessment occurs later. 
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Qualitative Data for BlendEd Students 

One of my focus questions for this study was to determine how the personal 

situations of the BlendEd students influenced their engagement and learning. To answer 

this question, it was most helpful to look at the survey responses of the BlendEd students 

for the Physics Intro survey and the Exit Survey, and compare their responses to their 

engagement scores and summative assessment scores. Since the BlendEd class was so 

small, I looked at each student’s situation and compared their responses to their overall 

engagement and academic standing during these two units. Only five of my seven 

BlendEd students fully participated during these two units, so I only looked at the 

responses of those five. To protect student privacy I will call them Student A, B, C, D, 

and E, respectively, with their initials in parentheses. 

Student A (C.A.) reported that he was taking this course because he wanted to 

“get used to taking hard classes online for college”. He had never taken an online class 

before this one, and when asked about how he felt about online learning at the beginning 

of the COVID-19 pandemic in the previous school year, he said he “struggled with not 

being able to have the right mindset as if [he] were in class”. He also reported that he 

learns best by seeing examples and how to do things with a visual, and the science lesson 

he remembers best from a previous science class is making model rockets. Based on 

these responses, Student A very clearly needs hands-on and visual learning tools to help 

him most. His responses to the exit survey seem to match my conclusion as well. He was 

asked what activities in the BlendEd class helped him learn best, and he said In-Person 

Labs, In-Person Lecture, Peer-to-Peer Discussion, and Class Discussion. He reported 

lower levels of overall engagement for the online simulations compared to the traditional 
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labs, and scored higher on the questions related to the content of the traditional labs on 

the summative assessment. 

Student B (E.E.) said that he chose to take BlendEd Physics because “I work 

better online and I just prefer to be by myself when working”. He reported having taken 

three other online classes before this one. When asked about how online school went for 

him last year, he said, “Some of it was annoying because some teachers were really bad 

with using canvas and letting people know what was due and next. Other teachers did it 

very well like my Digital Media teacher, because the class was already basically online.” 

Similar to Student A, Student B reported liking videos and examples to help him 

understand the content better, and learning rhymes helped him remember chemical bonds 

during a previous chemistry class. Interestingly, Student B said that both the Online 

Simulations and In-Person Labs helped him learn best. He reported slightly higher levels 

of engagement for the traditional labs, but still reported high engagement for the online 

simulations. When looking at his summative assessment scores, he scored the same on 

both the content related to the traditional labs and the content related to the online 

simulations, for both summative assessments. 

Student C (L.M.) was an interesting case. During the first quarter of the school 

year (when Unit 1 occurred) she showed up and fully participated in class every time, did 

well on the assessment, and consequently received an A letter grade for the class. 

However, during quarter 2 (when Unit 3 happened) she essentially disappeared and I 

didn’t hear from her at all that quarter. Because of this, I can really only look at data for 

the Unit 1 assessments for her. In the intro survey, she said, “I usually struggle with my 
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sleep schedule/feeling awake in the morning. I am late to school a lot and when I get 

there on time it feels almost impossible to not fall asleep and my work suffers. So this 

year I tried to account for that by making my morning classes work better with my 

schedule.” She had taken six other online classes before the BlendEd Physics class, and 

she had a lot to say about her experiences: “[I liked that] I could take general 

requirements online and it would give me more time in school to take classes I'm 

interested in. Yet, I found that I usually didn't prioritize those classes enough so I had to 

finish the courses right before the deadline… Most of my teachers either posted videos 

that I could speed through or relied solely on online instructions (PowerPoints, 

assignments, etc), which made it so that I could focus better and not have to sit through 

long, unnecessary lectures… I also feel as though I remember and understand some of the 

information better because I had to think through it and connect it to relevant topics by 

myself without a teacher doing it for me.” When asked how she learns best, she said, 

“Really just whenever I'm actually interested in the subject and have to recall/apply the 

information.” When she was asked about a time when she learned something that stuck 

with her for a long time, she referred to the life cycle of a frog she learned in Second 

Grade: “We were able to watch our frogs grow from tadpoles to adults, and could see the 

life cycle for ourselves. I believe it sticks out in my mind because it became part of my 

everyday life and I had a reason to want to learn about it.” From all of these responses, it 

is clear that she learns best when she feels like there is a reason to learn about the topic 

that directly applies to her, but the method of instruction doesn’t really matter as much. 

She said that the online simulations were the most engaging to her because, “I was having 
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to figure everything out on my own without the help of a teacher or peer... The in person 

labs were fun and comparable to the Gizmos, but it was hard to connect them to what I 

was learning. Whereas the Gizmos directly connected to the topic and you could repeat 

different things to see how they connected to each other.” Interestingly, in the surveys, 

she actually reported higher levels of engagement for the traditional lab compared to the 

online simulation. Looking at her Unit 1 summative assessment scores, she did equally 

well on the questions for both the online simulation content and the traditional lab 

content. 

Student D (S.O.) seemed to struggle with getting things done. He only completed 

one formative assessment (#2 Pull-Back Cars Lab), and only completed the Unit 1 

Summative assessment. In the Intro Survey, he said, “I wanted to take physics, but I also 

needed more time to do homework because my schedule is super busy, so I decided it 

was a good way to balance the two.” He said that he had taken two other online classes 

before the BlendEd Physics class, and when asked about them, he said, “I didn't like the 

zoom meetings, what worked for me was being able to work at my own pace, while still 

having a schedule to keep to.” Also in the Intro survey, he reported that he likes “Hands 

on experiences or learning about real life examples and how they work” and he 

remembered an activity where he “designed a bridge to hold a specific amount of weight. 

I loved how it was a hands on (on computer sim) experience, I learned how to calculate 

the forces of trusses, and how to build a cost effective bridge.” From this response, it 

seems that online simulations and hands-on traditional labs would work well for him, but 

he did not take the Exit Survey, so I don’t have evidence to support that assumption. 
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However, he did do the survey for #2 Pull-Back Cars Lab and reported very high 

engagement. Additionally, on the Unit 1 summative assessment, he did equally well on 

both types of content questions.  

Student E (K.S.) also struggled to get things turned in, and she said in the Intro 

Survey “I really needed the credit. I’m in BlendEd so it gives me an opportunity to sleep 

in since I normally work late.” She had been in a whopping eight online classes before 

taking BlendEd from me. She said, “I really enjoyed that my teachers were more lenient 

when it came to late work since I do work a lot and it helps knowing I won’t be failing 

just because I turn most of my assignments late. I disliked the inability to be in a 

classroom because I am the type to ask a lot of questions and I do better when I can ask 

them on the spot since I tend to lose interest quickly or simply just forget.” When asked 

about what helps her learn best, she said, “Demonstrations and interacting along with a 

interesting lecture. Over all for me I’m the type of person to learn best when doing 

something as a class”. She also said that the labs she had done in past science classes 

stuck with her most. Unfortunately, she did not take the Exit Survey so I don’t know for 

sure which activities in the BlendEd class worked best for her, but she reported slightly 

higher engagement levels for the Unit 1 traditional lab than for the Unit 1 online 

simulation, though she gave high engagement scores for both. She did equally well on the 

questions related to both content topics on the Unit 1 summative assessment. Based on 

the informal conversations I had with her and the limited survey responses, I would 

suspect that she would learn best in a more traditional class, but because of her personal 

situation, she chose to do BlendEd just to make sure she got the credit. 
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LMS Behavioral Data 

The learning management system that I used this school year is called Canvas. 

Canvas collects user data that includes page views and “participation” activity. In this 

case, Canvas only marks participation when a student completed an assignment through 

Canvas, or contributes to a discussion. Unfortunately, because my daily homework 

assignments are through a secondary website, the participation data that Canvas collected 

in mostly worthless to me in terms of this research and thus is not provided in this paper. 

However, the page view data was more helpful. It tracks how many times a 

student views a different page on the class modules, which does include the homework 

assignments as well as the lesson content and other assignments. This data is shown in 

Figure 11 and includes the weekly total page views for each student over the course of 

the first semester. I should note that in order to help protect the privacy of my students, I 

used only their initials to identify them in Figure 11. Unit 1 occurred between August 24, 

2020 and September 20, 2020, and Unit 3 occurred between October 29, 2020 and 

November 19, 2020. It is pretty clear that there was a significant decrease in page views 

during the time period of Unit 3 compared to Unit 1. Since this data is in lieu of the 

engagement data that would be related to attendance for traditional students, this shows a 

relatively lower level of behavioral engagement during Unit 3 compared to Unit 1. 
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Figure 11. Total LMS-recorded weekly page views for BlendEd students. 

Finalized Claims to Focus Questions 

The first focus questions was, “How do hands-on, traditional labs compare to 

online lab simulations in fostering high student engagement in a traditional physics class 

and a BlendEd physics course?” Based on the evidence presented above, I claim that 

hands-on traditional labs foster higher levels of student engagement than online lab 

simulations. Also, traditional students report higher engagement in those traditional labs 

than the BlendEd students. 

The second focus question was, “How do hands-on, traditional labs compare to 

online lab simulations in fostering high academic achievement in a traditional physics 

class and a BlendEd physics course?” Based on the evidence presented above, I claim 

that the hands-on, traditional labs help students learn content better with longer retention 
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of knowledge than the online lab simulations do, thus those hands-on labs foster higher 

academic achievement. Though, as stated previously, the online simulations seem to help 

students learn content in the moment, even if they are less likely to recall that knowledge 

later. 

The third focus question was, “How do the personal situations of students in the 

BlendEd Physics course affect student engagement and academic achievement?” There 

isn’t a concise answer to this question, but based on the experiences I’ve had this first 

year teaching the class, I would say that there is a specific type of learner that would 

thrive most in this type of course: someone who is comfortable spending a lot of time 

learning on their own, and who doesn’t necessarily need hands-on activities to learn the 

content. Student B and Student C seemed to learn the content best because they were both 

able to work well independently and found the online simulations just as engaging as the 

traditional labs. 

The Influence of COVID-19 

A big part in understanding the data presented in this paper is the recognition that 

this study took place in the middle of the COVID-19 pandemic. This added a host of 

other factors that affected the overall success and learning of my students. For example, 

our school had a substantial influx of COVID-19 cases and quarantines in our school as 

the school year progressed, which meant that between the times when Unit 1 and Unit 3 

occurred, the number of students required to quarantine (and therefore miss school) 

increased dramatically. In fact, the vast majority of Unit 3 took place online for all of my 

students because we had a school-wide quarantine for all of November. This meant that 
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students completed #4 Air Track Gizmo and the student worksheet part of #3 Pumpkin 

Drop at home on computers. While I did my best to teach the content for Unit 3 over 

Zoom, it is hard for me to say definitively whether or not the drop in understanding of 

concepts in Unit 3 was because of the different types of formative assessments. In fact, 

when comparing the summative assessment data for Unit 1 and Unit 3, there was a very 

clear decrease in average understanding during Unit 3. 

Additionally, because the BlendEd Physics course was brand new this year, the 

recruitment for the class happened right before lockdown began back in March 2020. 

Because of the timing, only seven students signed up for the course, and only four or five 

students consistently participated in the class assignments and surveys. This created a 

substantial lack of data from the BlendEd course, and I simply do not have enough data 

to say one way or the other if the conclusions I came to are completely valid. 
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CLAIM, EVIDENCE, AND REASONING 

At the conclusion of this research, I have found that higher student engagement 

generally improves academic achievement, and this is true for both BlendEd physics 

students and traditional physics students. However, because of the small sample sizes 

during this research period, I would suggest that further study is required to make a truly 

definitive correlation between engagement and achievement. Although the data collected 

wasn’t decisive, it was enough to give me information about the types of students who 

take BlendEd physics and certainly helps me make plans for future BlendEd courses. 

These findings are explained in more detail below. 

Claims from the Study 

The focus of this study was to determine how student engagement affects 

academic achievement in both BlendEd Physics and a traditional physics course. After 

collecting data from surveys, formative assessments, summative assessments, and the 

LMS Canvas, I have come to a few conclusions. 

First, students reported higher levels of engagement for traditional, hands-on labs 

compared to online simulations on average, and this is true for both the BlendEd and 

traditional students. Additionally, students on average scored higher on the summative 

assessment questions that were related to the content learned during the traditional, 

hands-on labs. Based on these two findings, I have come to the conclusion that higher 

student engagement increases overall academic achievement, and on average, the 

traditional, hands-on labs seem to increase overall engagement. Therefore, I would 
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conclude that in order for students to have high academic achievement in a high school 

physics class, whether traditional or a BlendEd course, it is best practice to include 

traditional, hands-on labs whenever possible. 

Second, part of this study was to help me understand why students choose to take 

a BlendEd Physics course and establish how students can be most successful in the 

course. After compiling the personal experiences of my BlendEd students and comparing 

them with the engagement and content knowledge data, I have come to the conclusion 

that the students who are most successful in the course already have the ability to work 

independently and can work hard to learn something on their own. Additionally, while 

those successful students were most engaged with traditional, hands-on labs, they also 

felt highly engaged when using an online simulation. Students that feel they learn best 

with hands-on activities and in-person lessons are less likely to learn content sufficiently 

in a BlendEd Physics course. 

Looking back at the other researchers that I referenced in my conceptual 

framework, these results generally match the results of their studies. For example, Zupke 

compared assessment scores and student attitude (engagement) toward interactive 

assessments and found that those interactive assessments increased overall achievement. 

In the case of Zupke’s study, they specifically found a positive correlation between the 

use of technology and student engagement, so it would be interesting to do a follow-up 

study that compares student engagement for a typical formative assessment (like a 

generic worksheet or homework assignment) and compare that to overall engagement for 

a Gizmo. I would guess that the online simulation would definitely have higher levels of 
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engagement, given that my students reported high levels of engagement for the Gizmos, 

even if they weren’t as high as the hands-on, traditional labs. Additionally, Beer et al. 

(2010) found that students scored higher on assessments when they interacted more with 

the LMS. This is also consistent with my findings. The BlendEd students who had more 

page views on Canvas did better on the assessments than the students who had fewer 

page views. Holmes had a similar result: the more often students engaged with the online 

platform, the higher their academic achievement was based on formative assessments. 

Value of the Study and Consideration for Future Research 

As I mentioned at the beginning of this paper, the BlendEd courses being offered 

during the 2020-2021 school year at Copper Hills High School were “test run” courses. A 

substantial part of why I wanted student engagement in a BlendEd course to be the focus 

of my action research project was to learn about the students taking these classes and how 

best to help them be successful so that I can improve my teaching practices for this brand 

new class. Additionally, I wanted to be able to bring this information back to my 

administrative team and my BlendEd-teaching coworkers to help them in their progress 

of improving this alternative class experience. This study showed me that there are some 

trends between the academic characteristics of students who choose to take a BlendEd 

course and whether or not they will be successful in being engaged and learning the 

content. 

However, despite the trends that I found with the data I collected, I recognize that 

this study would not stand up against other studies with substantially more data. My 

sample size was quite small given what data I wanted to collect and what relationships I 
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wanted to find within that data. Over the course of this study, I had a lot of students who 

ended up only doing a few of the surveys instead of all of them, and/or not completing all 

of the formative and summative assessments, for various reasons. This was especially 

problematic among the BlendEd students, because I started out with only seven students 

to begin with, and only two or three students completed the final few surveys and 

assessments. Any statistician would say that a sample size of three is not sufficient when 

trying to establish trends, and I would absolutely agree. 

Seeing as this study had an obvious sample size problem, if I were to continue this 

research, I would want to start with a larger BlendEd Physics class size. Of course, how 

many students sign up for the class is a bit beyond my control, but I think that if I had 

been able to advertise for the class more, we would have had more kids sign up for it. (As 

I mentioned earlier, the lack of advertisement time can be directly traced back to the 

timing of when schools shut down because of the COVID-19 pandemic.) Additionally, I 

would want to increase my sample size for the traditional students as well, because an 

average of 14 is not a statistically significant sample size either, even if it is better than 

three. To accomplish this, I would collect data from two traditional physics classes 

instead of just one. 

In addition to increasing sample sizes, I would want to evaluate more units of 

instruction. While there did seem to be some trends showing up with just the two units, I 

would want to add at least two more units of instruction to my data sets to make sure that 

those trends were statistically significant. 
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Impact of Action Research on Author 

Going into the 2020-2021 school year, I had some ideas about how this new 

BlendEd Physics course would go. After talking to my colleagues about the goals of the 

course and how it would be structured, they expressed some concerns about whether or 

not the BlendEd students would get as valuable of a learning experience with this class as 

they would in a more traditional physics class, and I have to admit that their concerns 

belonged to me as well. There were two general concerns that we had: 1) based on our 

past experiences, most students are best engaged during class discussions and hands-on 

activities, and the BlendEd Physics course eliminates a lot of that by its very nature; and 

2) not all of the students who end up signing up to take the BlendEd course would work 

well independently, and therefore would struggle to learn content that they would 

otherwise learn well in a traditional class. 

After completing my action research over the course of the school year, I would 

say we were right to have those concerns. The data presented in this study confirms that 

the traditional, hands-on labs do engage students more and help them learn and remember 

content better, so having a class where those hands-on activities are not the focus makes 

learning the content more challenging. While online lab simulations are perhaps more 

engaging than alternative online resources, they are not an adequate replacement for 

those hands-on experiences. 

Our second concern, regarding which students take the BlendEd class and how 

well they learn, was also validated by the evidence collected in the study. Students need 

to already have the skills to work well independently. Some of the BlendEd students who 
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responded to Exit Survey felt this way, too. For example, one student wrote, “I think that 

blended physics is better but only if I keep up to date with every assignment and due date. 

But this is a good class to take only if you have a job and you aren’t able to come into 

class”. This confirms for me that this class can be an adequate replacement for a 

traditional physics course if the student has the need for an unconventional solution and 

has the skills to work consistently and is intrinsically motivated. Another student summed 

up my thoughts pretty well. She wrote, “I found that taking a BlendEd class to be helpful 

alongside my in-person traditional classes. I don't necessarily prefer it to a traditional 

class, because they both have their pros and cons. I find that through the BlendEd class 

it's easier to learn at a pace I'm comfortable with… I like that I have to challenge myself 

and I find that I understand topics more in-depth because I'm figuring things out on my 

own... Though, it's harder for me to stay up to pace and often I forget about the class. 

When I don't have to go into class every day, it's harder to stay accountable for doing the 

assignments.” 

Overall, I can say that this first year of offering a BlendEd Physics course was 

successful in that I learned a lot about what works and what doesn’t, and I now have the 

opportunity to take this information to my administrative team and the other BlendEd 

teachers so that we can work together to make the class better in the future. I plan to 

make the in-person lab days more frequent and use fewer simulations. Additionally, I 

would like to have us come up with a “vetting” process to make sure the students who are 

taking the class have the skills to succeed in it. I think it would also be beneficial to have 

weekly discussion forums over the LMS for the students who do need more interpersonal 
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interaction. While it may not completely replace in-person classroom discussions or 

lectures, after my time in the MSSE program, I have learned that it is possible to have 

valuable online discussions. Lastly, I would say that while the BlendEd Physics class is 

certainly a very different learning experience for students, with more research and a little 

metaphorical elbow grease, I believe it can become just as engaging and host just as 

much student success as a traditional physics class. 
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Pull-Back Cars Lab 
 
Purpose: Use position, time, and velocity data to calculate acceleration. 
 
Investigative Question: Do pull-back toy cars accelerate? 
 
Lab Report: 
Students will use their creativity to find a way to measure the position of a dune buggy 
and pull-back car over 8 seconds. 
On graph paper, students should write a lab report which includes: 

• The Investigative Question 
• A written procedure to help you answer the investigative question 
• A data table 
• A graph (or graphs) of the data with position on the y-axis and time on the x-axis 

for both the dune buggy and the pull back car. 
• A CER response to the investigative question 
• All data must be reported with the appropriate metric unit 
• Show all your work  

Students need to answer all analysis questions.. I would recommend doing the analysis 
questions BEFORE doing the CER response. 
 
Grading rubric 
1 2 3 

Complete the 
experiment and 
report the data 
Record a minimum 
of 6 data points 
 

The experiment is completed; 
some parts, but not all, of the lab 
report are complete 

All portions of the lab report are 
present and clearly stated; all 
analysis questions are answered 

4 - above and beyond 

 

 
ANALYSIS QUESTIONS (Show all your work.) 

1. Compare the position-time graphs of the dune buggy and the pull-back car. What 
do the graphs tell you about the motion of each toy? 
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APPENDIX H CONTINUED 

2. Calculate the average velocity of the dune buggy between 0 and 8 seconds.  
 
 
 
 
3. Calculate the average velocity of the pull-back car between 0 and 8 seconds. 
 
 
 
 
4. What does the slope on a position-time graph represent? 
 
 
5. Does the slope of the dune buggy graph change? What does this mean? 
 
 
 
 
6. Does the slope of the pull-back car graph change? What does this mean? 
 
 
 
 
7. Calculate the slope between the first two points on the pull-back car graph. 
 
 
 
 
8. Calculate the slope between the last two points on the pull-back car graph. 
 
 
 
 
9. Calculate the acceleration of the pull-back car. 
 
 
 
 
10. Do you think your answer to #9 is an accurate calculation for the toy’s 
acceleration? Why or why not? 
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APPENDIX I 

PUMPKIN DROP HANDOUT 
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The 2020 Physics Pumpkin Drop 
(A Day: Oct. 28th -- B Day: Oct. 29th) 

 
Learning goals: 

1. Use your understanding of momentum and impulse to design a device that can catch a 
pumpkin dropped from the roof of the school. 

2. Calculate the total impulse experienced by your pumpkin. 
 
Specifications: 

• Your pumpkin catcher should be 1m by 1m in size or larger so that the pumpkin 
droppers can hit it from the rooftop of the school.  

• Bring 2 or 3 pumpkins (at least 5 lbs each). Your pumpkin catcher needs to be able to 
quickly be moved into position (1 to 2 minutes tops) and quickly removed afterwards.  

o Write your name on pumpkins with permanent marker and ask your teacher 
where you can store them.  

• Your team can consist of up to 4 people (from any Physics class) no more. You need a 
MINIMUM of two people per group on drop day: someone on the roof and someone on 
the ground. 

• Material restrictions 
o Nothing too hard to clean up. (ex:  Styrofoam peanuts, jello, popcorn, etc.)   
o No Trash cans filled with water or leaves. -Too simple and the leaves are too 

messy.  
o No Pillows, cushions, blankets, etc. folded to make a cushion. -Too simple.  

• Your catcher must not generate any dangerous projectiles, even when impacted by an 
approximately 15m/s (33.5 mph) pumpkin.  

• Your pumpkin catcher must be ready BEFORE class to receive points.  
• If you are partners with someone in another class, it is up to YOU to make arrangements 

to be there for the drop. We will NOT write excusal notes for you.  
• Cannot be taller than 3.3m tall (approx. 10 feet).  
• Nobody will be allowed within 15 feet of the catchers while pumpkins are dropping.  

 
Grading Rubric -- Total points possible /20 
Points  Qualification 

5 Completed Pumpkin Catcher (Email your names, period, and a picture of your 
catcher with your whole team to your teachers by Oct 27th to get credit) 

5 Catch pumpkin without breaking 

5 Collecting all of the data needed in an organized way and analyzing your data 
thoroughly in order to calculate the impulse of the pumpkin.  

5 Calculate the impulse of your pumpkin as it hits the catcher. Show all work. 

2 Extra credit for surviving pumpkins >10 pounds. 
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Your Name:_______________________________ Period:___________________ 
Teammate 2 Name:_________________________ Period and Teacher:_____________ 
Teammate 3 Name:_________________________ Period and Teacher:_____________ 
Teammate 4 Name:_________________________ Period and Teacher:_____________ 
 
What is the weight of your largest surviving pumpkin? Put an X if your pumpkin did not 
survive. (in lbs) ______________ 
 
Design: draw a blueprint of your pumpkin catcher, please include as many details as 
you can. 
 
 
 
 
 
 
 
 
 
 

Plan: Write a short paragraph explaining how your design will stop the momentum of the 
pumpkin as it falls. Use vocabulary words from class including momentum, impulse and 
force. 
 
 
 
 
 

Data: You MUST collect time data and the mass of the pumpkin! 
 
 
 
 
 
 

Calculations: use the equation vf = vi + at to figure out the velocity of your pumpkin 
when it hit the pumpkin catcher. Use 9.8 m/s2 as the acceleration (ignore air resistance). 
Find the total impulse of the pumpkin as it was stopped by your pumpkin catcher. 
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AIR TRACK GIZMO WORKSHEET 
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