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Abstract 

The effectiveness of online courses in science, technology, engineering, and mathematics 

(STEM) subjects has not been shown conclusively. One area that has not been well investigated 

is the achievement of online astronomy students versus astronomy students in a traditional face-

to-face course. Researching this area will aid in determining whether online courses in STEM 

subjects have deficiencies that need to be addressed. Transactional distance theory and e-learning 

theory provided the theoretical foundation for the research. The purpose of the quantitative 

quasi-experimental study was to determine whether a statistically significant difference exists in 

final grade between online college astronomy students and face-to-face astronomy students. The 

study determined how students taking an online astronomy class at a university compared in 

achievement with students taking a face-to-face astronomy class. Archived data from Fall 2017 

through 2019 on a population of astronomy students at a university in Texas were used in the 

study. The sample size was 488 students. A comparative analysis was made of final letter grades 

of astronomy students enrolled in online classes and students taking face-to-face classes, using 

the nonparametric Mann–Whitney U test (z = -3.80, p < .001). The conclusion drawn from this 

study was that online college astronomy students performed significantly worse than face-to-face 

students. Results of the study indicated improvements in transactional distance and use of media 

may improve the outcomes for online students. Recommendations for future research include 

surveying students to determine strategies to improve the online course. Results of the study 

contributed to the literature comparing online to face-to-face format in college and university 

courses generally, but for STEM classes specifically. 

Keywords: online, face-to-face, STEM, transactional distance theory, e-learning theory 
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Chapter 1: Introduction 

In the early 21st century, industry, government, and education leaders became concerned 

about courses in science, technology, engineering, and mathematics (STEM). The National 

Science Foundation, U.S. Department of Education, and National Academy of Sciences warned 

about the decline in science literacy among U.S. students, who will be the future workforce and 

leaders (Bailey et al., 2011). The growth of scientific illiteracy in the United States will affect the 

country’s future survival (Rees, 2018). To sustain technological progress for the societal needs of 

future generations in the United States and worldwide, the effectiveness of teaching and learning 

in STEM courses must show improvement, resulting in the production of those who will create 

new technologies to solve problems (Margot & Kettler, 2019; Perelmuter, 2021). Online courses 

are a means of achieving this desired sustainability. 

The proportion of college students taking at least one online course was 33% prior to the 

COVID-19 pandemic, and the pandemic caused this proportion to increase (Miller, 2021). The 

rapid increase in the number of online courses necessitates determining whether students are 

achieving on a level equal to students in the traditional face-to-face setting (R. Paul & Tait, 

2019). However, the effectiveness of online courses in teaching STEM subjects has just begun to 

be investigated (Chirikov et al., 2020). Online courses in science are still not as common as in 

other subjects (McKenzie, 2021). Nennig et al. (2020) cited the dearth of studies on online 

teaching in the physical sciences, while Faulconer et al. (2018) discussed the lack of research 

involving online lab experiments in STEM. A specific topic that has not been well investigated is 

the achievement of online astronomy students versus astronomy students in a traditional face-to-

face course (Margoniner, 2014). By researching and comparing academic achievement by use of 

final course grades for online and face-to-face astronomy students, the efficacy of teaching 
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astronomy and other areas of STEM in an online format may be indicated or shown to have 

deficiencies that need to be addressed. Included in this chapter are the background and problem 

of achievement in an online astronomy course compared to a face-to-face course. The purpose of 

this study, significance of the study, research questions, and hypotheses are provided. Theoretical 

framework, definitions of terms, assumptions, scope and delimitations, and limitations provide 

information about the study’s methods and necessity within the literature. 

Background of the Problem 

Online education has continued to grow since inception in the early 1990s (Picciano, 

2019), and the incidence of COVID-19 has added to this growth (Seaman et al., 2021). Prior to 

the pandemic, the number of online STEM courses lagged behind the offering of online courses 

in other areas (McKenzie, 2021). While a variety of studies comparing online to face-to-face 

classes are available in subjects such as finance (Brau et al., 2017), health care (Thurman, 2019), 

and economics (Arias et al., 2018), studies in the area of STEM are lacking (Nennig et al., 2020). 

Knowledge of the importance of courses in STEM and the realization that so many students are 

not being reached by traditional methods (French & Burrows, 2017; Gannon, 2018; Picciano, 

2019) made this study important. The quantitative quasi-experimental study may provide insight 

into whether online astronomy students have equivalent academic achievement, shown by course 

grades, to face-to-face astronomy students. 

Statement of the Problem 

The problem is online STEM courses may be growing in number, yet instructional 

leaders do not know if the courses produce the same outcomes as traditional face-to-face STEM 

courses. Studying this problem helped to determine if it is possible to teach a STEM course 

equivalent to a traditional face-to-face course. Both students and instructors are affected by this 
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problem, as students deserve quality education, while teachers seek to educate students in 

meaningful ways. 

Some studies have concluded online courses to be superior to the face-to-face format 

(Bernard et al., 2017), while others show the opposite to be true (Bettinger et al., 2017). Some 

studies reveal no significant difference (Chirikov et al., 2020). For instance, Bandara and 

Wijekularathna (2017) concluded students taking business courses scored higher in online 

classes than in traditional classes. Brau et al. (2017) found face-to-face students performed 

superior to online students in finance courses. A third study showed no statistically significant 

difference between the two formats in computer science courses (Scarabottolo, 2019). These 

conflicting results indicate online teaching may be more effective in some subject areas than in 

others. Most of the subjects that have been researched are much different from a physics course 

such as astronomy. Results in a study comparing finance students do not necessarily imply the 

same results for students in a physics course such as astronomy. A study on the efficacy of online 

teaching of a STEM course such as astronomy helped fill a gap in the existing literature. Without 

this study, astronomy instructors may not have evidence to guide continued improvement of 

online astronomy courses. Knowing whether online and face-to-face astronomy students are 

equivalent in achievement may aid instructors and administrators in determining what action 

should be taken to promote equality and best serve the students in both class formats. 

Purpose of the Study 

The purpose of this quantitative quasi-experimental study was to determine whether a 

statistically significant difference exists in the final grade between online college astronomy 

students and face-to-face astronomy students. Online courses are proliferating, but fewer STEM 

courses are offered compared to non-STEM courses (McKenzie, 2021), which brings up the 
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question of whether it is possible to teach an online STEM course equivalent to a traditional 

face-to-face STEM course (Faulconer et al., 2018). Astronomy is a popular STEM course, and it 

is a natural choice to offer online (De Freitas et al., 2015). The study results helped to determine 

whether a college or university online astronomy course is equivalent to a corresponding 

traditional face-to-face college astronomy class. Determining whether students in the online 

format have similar achievement to face-to-face students will aid college astronomy instructors 

and their institutions in deciding whether to offer their courses online. 

This study took place at a 4-year university in Texas with a student population of over 

8,000, over four semesters from 2017 through 2019. The total population of 488 consisted of 

approximately 160 students who took astronomy each semester. The sample consisted of 

astronomy students, with 152 students in the online classes and 336 students in the face-to-face 

classes from four semesters. Students were not randomly selected due to the college scheduling 

procedure. Due to the restrictions placed on the university resulting from COVID-19, which 

curtailed face-to-face astronomy classes until fall of 2021, archival data from 2017 through 2019 

were used. The methodology of this study was quantitative with a quasi-experimental design. 

The independent variable was the learning format of online or traditional, and the dependent 

variable was academic achievement as measured by the end-of-course final letter grade. 

Without this study, astronomy instructors may not have evidence to guide the continued 

improvement of online astronomy courses. As a result of this study, astronomy instructors will 

have increased knowledge of the efficacy of an online astronomy course. Knowing whether 

online and face-to-face astronomy students are equivalent in achievement can aid in determining 

what action should be taken to promote equality and best serve the students in both classes. 

The results of the research will be shared with the administration at the study site, the 
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physics and astronomy department, and the research community. These results may provide 

college administrators and teachers with the knowledge to promote or slow the development of 

online astronomy courses and may point to areas of improvement. The study might also lead to 

further research comparing online to face-to-face courses in other STEM areas. 

Significance of the Study 

This study may add to the literature regarding the effectiveness of online education 

compared to traditional education. The study may add to the small number of studies of online 

STEM courses. As a result of this study, astronomy instructors might have evidence to guide 

continued improvement of online astronomy courses. Astronomy instructors may have increased 

knowledge of the efficacy of an online astronomy course. Knowing whether online and face-to-

face astronomy students are equivalent in achievement as measured by final course grade aids in 

determining what action should be taken to promote equality and best serve the students in both 

classes. This study has the potential to be useful to others who research online STEM courses. 

Research Question 

Research questions are specific problems that guide the methods of the study (Creswell & 

Creswell, 2020). To achieve the purpose of the study comparing online astronomy achievement 

to face-to-face astronomy achievement, one research question guided the quantitative study: 

Research Question: Is there a statistically significant difference in final grade between 

online and face-to-face astronomy students at a university? 

Research Hypotheses 

A hypothesis is a testable statement about the relationship between two variables that 

narrows the scope of inquiry (Creswell & Guetterman, 2018). Hypotheses are statements that 

predict the possible results of a study (Hoy & Adams, 2015). The following two hypotheses were 
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tested in this research and guided this quantitative study: 

H0: There is no statistically significant difference in final grade between online and face-

to-face astronomy students at a university. 

Ha: There is a statistically significant difference in final grade between online and face-

to-face astronomy students at a university. 

Theoretical Framework 

Two theories that relate to online learning are M. G. Moore’s (1993) theory of 

transactional distance and the e-learning theory (Mayer et al., 2016). Moore’s transactional 

distance theory describes both interactions between teacher and student and the structure of the 

learning activities affecting the student’s feeling of involvement or distance in a class (Delgaty, 

2018). According to Moore, distance refers to a measure of student engagement in a course and 

not the actual physical proximity of learner and instructor. Transactional distance affects 

academic achievement of students by creating a sense of isolation (Delgaty, 2018). While 

Moore’s theory applies to both face-to-face and online courses, online students feel a greater 

amount of physical isolation, which affects interactivity, and transactional distance must be 

decreased to improve learning outcomes (Picciano, 2019). This study compared astronomy 

achievement in an online format with astronomy achievement in a traditional face-to-face format 

using the framework provided by transactional distance theory and e-learning theory. 

Interactivity plays a vital role in distance learning (Protopsaltis & Baum, 2019). 

The online educational format also makes use of principles from e-learning theory, 

particularly the multimedia principle that states using two of the three learning modes of audio, 

visual, and text will result in deeper learning than using just one or all three (Mayer, 2017). E-

learning theory describes how students learn with media, how to aid students in using media, and 
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how to assess what students have learned with media (Mayer, 2019). Developed by Mayer et al. 

in 2016, e-learning theory combines three learning theories—cognitivism, constructivism, and 

connectivism—to address the use of technology such as the Internet in both traditional and 

online education (Janelli, 2018). 

Student success is the primary purpose of education. Online education must be equal in 

quality to the traditional face-to-face format to produce equivalent outcomes (Rajab, 2018). 

Ensuring quality requires a theoretical foundation for guidance (Picciano, 2019). Although the 

effectiveness of online education in various subjects has been studied, the area of STEM is not 

well represented, forming a gap in the literature (Shadle et al., 2017). In particular, the STEM 

subject of astronomy is not well represented (Bailey & Plummer, 2018). This study compared the 

achievement of online and face-to-face college astronomy students. M. G. Moore’s (1993) 

transactional distance theory and the e-learning theory of Mayer et al (2016) explain aspects of 

online learning and provided the theoretical framework for this study. 

Definitions of Terms 

Terms relating to online learning require definition for the purpose of understanding the 

nature and conclusions of this study. Each of the following terms appears throughout this study. 

The definitions will familiarize the reader with these terms. 

Achievement. Achievement refers to academic achievement of students in completing a 

course, whether online or face-to-face, measured by end-of-course average, completion of the 

course, or pretest and posttest comparison (Picciano, 2019). 

Asynchronous Learning. Asynchronous learning is the completion of assignments 

online, occurring at any time (Picciano, 2019). 

Blended Education. Blended education is a combination of traditional and online 
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instruction (Picciano, 2019). 

E-Learning Theory. E-learning theory addresses the use of technology such as the 

Internet in both traditional and online education (Janelli, 2018). 

Massive Open Online Courses (MOOCs). Massive open online courses are free courses 

(Picciano, 2019).  

Moore’s Theory of Transactional Distance. Moore’s theory describes both interactions 

between teacher and student and the structure of the learning activities affecting the student’s 

feeling of involvement or distance in a class (Delgaty, 2018). 

Online Education. Online education is a type of distance education using computers and 

the Internet to deliver instruction, lessons, and assessment, in which at least 80% of the course 

content is given online (Seaman et al., 2018). 

Synchronous Learning. Synchronous learning is the concurrent meeting of instructor 

and students for class (Picciano, 2019). 

Traditional Education. Traditional education occurs in classes in which the content is 

delivered when teacher and students are physically present; this type of learning is also referred 

to as face-to-face education or synchronous education (Picciano, 2019). 

Transactional Distance. Transactional distance is the degree of understandings and 

perceptions between teacher and student, partially caused by physical distance, that must be 

overcome by teacher and student for effective learning to occur (Moore, 1993, as cited in 

Bolliger & Halupa, 2018). 

Assumptions 

Assumptions are statements that are taken for granted or accepted without proof (Hoy & 

Adams, 2015). This study used archival data provided by a university in Texas for a class of 
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astronomy students learning through the online format and another class of astronomy students 

using the traditional face-to-face format. The data were assumed to be normally distributed, and 

even though the students self-selected online or traditional courses, the selection does not 

determine learning ability of the students, so the samples were equivalent. The assignments, 

tests, and final exam used were assumed to result in course averages that measure academic 

achievement in astronomy. Another assumption is that student outcomes were not affected by 

other factors not considered in this study. 

Scope and Delimitations 

The scope of a research study is the extent of coverage and includes the parameters 

within which the study operated (Simon & Goes, 2013). This study focused on online and face-

to-face astronomy courses at a university in Texas. Delimitations are restrictions within the 

researcher’s control that are chosen to establish the scope (Simon & Goes, 2013). A delimitation 

in this study was the use of data from 2017 through 2019, which limited the number of 

participants. This decision was made to create consistency in factors such as the assignments and 

the textbook, which are typically changed for the astronomy course at the research site every 3 

years (K. A. Williams, personal communication, October 14, 2020). The sample comprised 152 

online and 336 face-to-face astronomy students, for a total of 488 students. 

The scope of the study involved a comparison of an online astronomy class to an on-site 

class at a university in Texas from 2017 through 2019. A more extended period was not used due 

to time constraints and the need to maintain constancy in the essential factors such as textbooks, 

assignments, and objectives of the courses. A quantitative research method with quasi-

experimental design was used. 

Limitations 
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Limitations are areas over which a researcher has no control (C. M. Roberts & Hyatt, 

2018). The researcher must identify these potential weaknesses in the study (Creswell & 

Guetterman, 2018). While the same assignments, assessments, and grading procedures were used 

in both the online and the face-to-face class, using the same instructor for each section was not 

possible, which introduced the variable of teaching style. The sample size for this study was 

limited by the enrollment in the semesters for which data were taken. 

Data for the study were the final letter grade of each student as a measure of academic 

achievement. Final grade in the form of a course letter grade was the only available data format 

to provide an indication of academic achievement as assignment results, such as final exam 

grades, were not available, and a test with known reliability and validity was not used in the 

courses. Final grades have been used as an indicator of achievement in comparisons of online 

and traditional education in several studies (Brau et al., 2017; Hurlbut, 2018; Jones & Long, 

2013; J. Paul & Jefferson, 2019). The independent variable was learning format, online or face-

to-face, and the dependent variable was final course letter grade. The study was limited by the 

time constraints typical of a doctoral dissertation. 

According to Creswell and Guetterman (2018), some bias or error appears in any 

research. Bias in the experimental procedure for this study was alleviated by using the letter 

grade of each student who completed the course in either the online or face-to-face format. 

Random assignment to a format was not possible as students were allowed to self-select into the 

online or face-to-face class and because ex post facto data were used in this study. 

Chapter Summary 

In this chapter, an introduction and overview of the study were presented. This study 

determined how students taking an online astronomy class at a university compared in 
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achievement with students taking a face-to-face astronomy class. Determination was made using 

archival data of final course letter grades for online astronomy courses and face-to-face 

astronomy courses in a university in Texas for 2017 through 2019. 

The study’s research question, hypotheses, theoretical framework upon which the 

question and hypotheses were based, and methodology used to investigate the research question 

and hypotheses were presented. A summary of the study’s definitions, assumptions, scope and 

delimitations, and limitations was given. The significance of the study was provided, including 

how the study contributes to the body of knowledge concerning comparisons of online and face-

to-face STEM courses, focusing on astronomy. A brief background of the literature related to the 

study was given. Chapter 2 presents an extensive review of the literature related to the history of 

traditional and online education in the United States, the development of online education, 

STEM online courses, and the lack of studies in STEM online education with an emphasis on 

astronomy. 
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Chapter 2: Literature Review 

The problem is that online STEM courses are growing in number, yet instructional 

leaders do not know if the courses produce the same outcomes as traditional face-to-face STEM 

courses. Consideration of this problem helped to determine whether teaching an online STEM 

course that is equivalent to the traditional face-to-face course is possible. The purpose of this 

quantitative quasi-experimental study was to determine whether a statistically significant 

difference exists in final grade between online college astronomy students and face-to-face 

astronomy students. The number of online courses has grown since the 1990s, and the COVID-

19 pandemic spurred a further increase, necessitating research on the effectiveness of online 

education (Dhawan, 2020). 

Two theories are involved in online learning: M. G. Moore’s (1993) theory of 

transactional distance and the e-learning theory (Mayer et al., 2016). Although the effectiveness 

of online education in various subjects has been studied, the area of STEM is not well 

represented, forming a gap in the literature (Shadle et al., 2017). In particular, the STEM subject 

of astronomy is not well represented (Bailey & Plummer, 2018). This literature review contains a 

discussion of the theories that relate to this research study, a brief history of traditional and 

online teaching formats in higher education, and online education in STEM courses. The chapter 

continues with methods of assessment, a review of literature comparing online and traditional 

education, and a counterargument, and concludes with a chapter summary. 

Literature Search Strategy 

The search strategy for the literature review involved using the Google Scholar search 

engine and the EBSCO database accessed through the American College of Education library. 

Key search terms included online education, online learning, online versus traditional education, 
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online versus face-to-face education, and comparing online and traditional education. A 

Boolean phrase was also used, including terms such as online learning, online education, e-

learning, virtual education, separated by “OR,” followed by “AND” achievement “OR” 

university “OR” college. The search was limited to articles published from 2017 through 2021. 

About 1,100,000 results appeared, but roughly 10%–20% related directly to the research 

questions, and about 100 of these articles were used for this research. 

Theoretical Framework 

A theoretical framework is a guide for conducting a study (Creswell & Creswell, 2020). 

Under certain conditions, a theoretical framework also allows an instructor to predict likely 

occurrences and results in an online course (Abuhassna & Yahaya, 2018). Student success is the 

primary purpose of education. Online education must be equal in quality to the traditional face-

to-face format to produce equivalent outcomes (Rajab, 2018). Ensuring quality requires a 

theoretical foundation for guidance (Picciano, 2019). This study compared the achievement of 

online and face-to-face college astronomy students to determine whether a significant difference 

exists in achievement between the two formats. M. G. Moore’s (1993) transactional distance 

theory and the e-learning theory (Mayer et al., 2016) provided the theoretical framework for this 

study. 

Moore’s Transactional Distance Theory 

Transactional leadership theory in the form of transactional distance theory can be used 

to describe interactions between teacher and student as well as the structure of the learning 

activities affecting the student’s feeling of involvement or distance in a class (Delgaty, 2018). 

According to M. G. Moore (1993), distance refers to a measure of student engagement in a 

course and not the actual physical proximity of learner and instructor. Transactional distance 
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theory involves the relationship between the learner and the teacher (Abuhassna & Yahaya, 

2018). Moore defined transactional distance as a gap in communication or psychology, present in 

both traditional and online education. Transactional distance affects academic achievement of 

students by creating a sense of isolation (Delgaty, 2018). While Moore’s theory applies to both 

face-to-face and online courses, online students feel a greater amount of physical isolation, 

which affects interactivity, and transactional distance must be decreased to improve learning 

outcomes (Picciano, 2019). This study compared astronomy achievement in an online format 

with astronomy achievement in a traditional face-to-face format using the framework provided 

by transactional distance theory and e-learning theory. Interactivity plays a vital role in distance 

learning (Protopsaltis & Baum, 2019). 

Three types of interaction are involved in distance learning: learner–content, learner–

learner, and learner–teacher (Delgaty, 2018). In learner–content interaction, the student obtains 

information in the form of text, audio, video, communication, slide shows, and simulations 

(Abuhassna & Yahaya, 2018). Learner–learner interaction involves communication between 

students to discuss course ideas or collaborate on projects (Abuhassna & Yahaya, 2018). 

Learner–teacher interaction can be synchronous, in which the interaction occurs in real time, or 

asynchronous, with delayed interaction, which includes communication about assignments, 

clarification of assignments, feedback, and face-to-face communication through Zoom or 

Blackboard Collaborate (Delgaty, 2018). 

M. G. Moore (1993) explained dialogue, referred to as interaction, and structure, the 

potential for varied instruction according to student needs, are the main elements of the theory of 

transactional distance. Online classes necessarily require students to be more self-reliant than in 

face-to-face classes, and this leads to a sense of isolation for online students, which creates 
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greater transactional distance (Abuhassna & Yahaya, 2018). Moore added learner autonomy to 

his theory as online classes began to appear (Fotiadou et al., 2017). According to Fotiadou et al. 

(2017), in a study of learner autonomy in online classes, correlation analysis showed a positive 

correlation between learner autonomy and learner–learner and learner–teacher interactions. 

Learner–teacher interaction is the most important factor in learner outcomes (Hone & El Said, 

2016) and is particularly important in online classes as students typically do not proceed in a 

course until feedback has been received (Sher, 2009). An inverse relationship exists between 

learner–teacher interaction and transactional distance; as instructor support increases, distance is 

reduced (Huang et al., 2015). Communication is vital in producing learner–teacher interaction 

(Rawat, 2016). Learner–learner interaction reduces distance and improves student outcomes 

(Huang et al., 2015). A learner’s autonomy increases with greater transactional distance as the 

student is forced to become more self-reliant (Delgaty, 2018). 

Transactional distance theory has been investigated since its introduction in 1980 (Reyes, 

2013). Shearer and Park (2019) concluded transactional distance theory is still valid despite 

changes in education technology. In a mixed-methods study of English as a Foreign Language 

students, Kara (2021) found the elements of transactional distance predicted learner outcomes of 

perceived learning, with a transactional distance between learner and teacher contributing the 

most to student prediction of satisfaction. A study of physiotherapy classes by Nortvig (2018) 

found instructors who taught both online and face-to-face classes did not feel their social 

presence was as great in the online classes, creating doubt that the online students would attain 

the same competencies as the face-to-face students. Richardson et al. (2017), in a meta-analysis 

of online classes across different courses, concluded that social presence affects actual and 

perceived learning of students. According to Dunaway and Kumi (2021), the difficulty in 
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providing instructor social presence in the online format decreases the likelihood of rapid 

feedback. 

E-Learning Theory 

The online educational format makes use of principles from e-learning theory, such as the 

multimedia principle. The multimedia principle states the use of two of the three learning modes 

of audio, visual, and text will result in deeper learning than using just one or all three (Mayer, 

2019). The e-learning theory describes how students learn with media, how to aid students in 

using media, and how to assess what students have learned with media (Mayer, 2019). 

Developed by Mayer et al. in 2016, e-learning theory combines three learning theories—

cognitivism, constructivism, and connectivism—to form a theory that addresses the use of 

technology such as the Internet in both traditional and online education (Janelli, 2018). 

Cognitivism builds on Skinner’s behaviorism to determine what happens between the 

external stimulus and the student’s response (Picciano, 2019). Constructivism means creating 

new knowledge based on the student’s active and interactive learning involving collaboration 

(Janelli, 2018). Connectivism deals with the connections between learner and information, 

controlled by information flow (Mayer, 2019). 

Cognitivism 

Cognitivism is a learning theory that proposes internal mental processes are essential to 

learning. Learning involves the creation and alteration of mental constructions called schemata 

(Ertmer & Newby, 2017). The e-learning theory uses cognitive principles to determine how 

educational technology can manage cognitive load to effect learning (Janelli, 2018). Cognitive 

load theory refers to the amount of mental activity used in working memory, the short-term 

memory used to store information for short periods of time. These amounts are divided into 
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germane, intrinsic, and extraneous (Mayer, 2019). Too much cognitive load creates stimulus 

overload. Reducing the extraneous cognitive load of interactive e-learning tasks allows students 

to learn more efficiently (Janelli, 2018). Germane cognitive load is the work in understanding a 

task and storing or retrieving the knowledge in short-term memory. Intrinsic cognitive load is the 

effort to perform the task. Extraneous cognitive load is the load created by the way information 

is presented (Mayer, 2019). In 2016, Mayer et al. introduced 12 principles of reducing 

extraneous cognitive load, while allowing greater attention to germane and intrinsic loads 

(Janelli, 2018). These principles include the coherence principle in which extraneous material is 

removed; the signaling principle, which suggests highlighting essential material; the segmenting 

principle, calling for breaking the lesson into chunks; and the modality principle in which spoken 

rather than printed text is used with graphics (Mayer, 2017). 

Constructivism 

Constructivism refers to the construction of new knowledge based on student experiences 

(Delgaty, 2018). As defined by Dewey (1963), constructive acts are a series of actions in which 

students learn by doing, collaborate with the instructor or other students, and reflect with others. 

Students construct their knowledge using the aid of the instructor (Delgaty, 2018). Reflection by 

students and the instructor can replace the traditional lecture in either face-to-face or online 

classes (Picciano, 2019). Papert (1993, as cited in Picciano, 2019) suggested creating interactive 

communities where the facilitator-teacher guides the students in solving problems that integrate 

social issues with science or mathematics and using computer technology to aid in problem 

solving. According to T. Roberts et al. (2018), STEM education is based on interactive 

communities and their previously gained knowledge and life examples. This knowledge base 

allows students to construct a new understanding of STEM concepts and applications through 
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interactions with other students, the instructor, and content to formulate and test ideas, make 

conclusions, and share their new knowledge (Picciano, 2019). 

Connectivism 

Connectivism highlights the connections between people, organizations, and technology 

(Delgaty, 2018). Pioneered by George Siemens, connectivism addresses the new ways in which 

knowledge and information change and flow due to data communication networks such as the 

Internet. Individual activities have evolved into group activities (Picciano, 2019). Learning is 

thought of as actionable knowledge that exists apart from the individual, within databases 

available to students to make connections and further knowledge (Picciano, 2019). 

E-learning theory combined these three theories into a single theory that addresses the 

presence of new technology in allowing for the interaction between students, teachers, and 

content (Picciano, 2019). Technology has advanced so quickly that teachers and course designers 

have fallen behind in determining how to apply it. “Just because something can be done with 

technology, doesn’t mean it should” (Mayer, 2019, p. 5). The present study explored whether the 

use of technology in the form of an online astronomy course is as effective as the traditional 

face-to-face format, justifying the use of the technology in a STEM course. Answering this 

question may allow students to determine how educational technology can aid them in 

succeeding in an astronomy course. The question to ask is how technology can support learning 

rather than how learning can be altered to support technology (Mayer, 2019). 

 Diagramming the Theoretical Framework 

M. G. Moore’s (1993) transactional distance theory and the e-learning theory (Mayer et 

al., 2016) can be combined as shown in Figure 1. At the center is a transactional distance that 

affects the student’s interaction with e-learning media, two forms of which are optimum: the 
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teacher and the course assignments. Communication between instructor and student is also vital 

in developing a social presence to promote deeper learning (Mayer et al., 2016). Together, 

transactional distance theory and e-learning theory supported the purpose of the study comparing 

the achievement of college astronomy students in online versus face-to-face courses. Moore’s 

theory provides a structure to describe learning, while e-learning theory contains the concepts 

specific to online course development and learning. Interaction, collaboration, and 

communication are vital elements in a successful online class, reducing the distance to allow for 

student learning (Delgaty, 2018), as illustrated in Figure 1. Decreasing the transactional distance 

using a structure and interactivity through a careful choice of media may result in a quality 

online STEM course such as astronomy that produces results equivalent to a traditional course. 

The interplay of the two theories is shown in Figure 1, in which the elements—such as 

communication, educational media, assignments, and activities—are mediated through 

transactional distance between teacher and student. Interactivity and communication are shown 

to lessen the transactional distance (Delgaty, 2018). 
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Figure 1 

Moore’s Transitional Distance Theory Coupled With E-Learning Theory 

 

 

 

Research Literature Review 

Since the early 1990s, the number of online courses has increased tremendously, so 

answering the question of whether online classes are equivalent to face-to-face classes is 

important (Broeckelman-Post et al., 2019). The areas of STEM are vital for the future ability of 

humankind to confront problems such as climate change and sustainability of life on Earth, thus 

the emerging development of online STEM courses must be questioned concerning their 

equivalence to traditional courses (Bailey & Plummer, 2018; T. F. Slater, 2020). In researching 

this area, the efficacy of teaching STEM courses such as astronomy in an online format can be 

analyzed for deficiencies that need to be addressed, as the number of online courses in science 
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has increased, especially with the onset of COVID-19 (Dhawan, 2020). Following is a brief 

history of the development of traditional higher education and its methods, followed by an 

outline of the evolution of online education. Online STEM courses, methods of assessing student 

achievement, and a comparison of online and face-to-face formats are discussed. 

A Brief History of Traditional Higher Education 

Plato’s Academy was one of the earliest recorded institutions for higher education, 

appearing in Greece about 387 B.C. but serving only a select few (Seitkasimova & Auezov, 

2019). Aristotle contributed to this tradition with his own school, the Lyceum, created in 335 

B.C. (Shamey & Kuehni, 2020). Ptolemy I, successor to Alexander the Great, continued the 

development of higher education, founding the Library of Alexandria in 283 B.C. (Nampala et 

al., 2017). This institution served as an international center for learning and contained an 

observatory, dissection rooms, a botanical garden, and a collection of much of the knowledge of 

the ancient world (Bennett et al., 2021). 

Traditional higher education began in Europe with the founding of the University of 

Bologna in the 11th century. and the University of Paris a half century later (J. C. Moore, 2019). 

In the United States, 4-year colleges and universities had their inception in 1636 with the 

establishment of Harvard (Thelin, 2019), while junior colleges appeared in the United States in 

1901 as a 2-year extension of high school (Cohen & Brawer, 2013). Junior colleges have 

historically served students who intend to transfer to a 4-year college or university. Now often 

called community colleges, these institutions also prepare vocational students for certification 

but often require academic courses (Cohen & Brawer, 2013). This expansion of education 

requirements and the need for cost effectiveness as state legislatures continue to cut budgets 

necessitates finding new ways of reaching more students, such as online education (Brau et al., 
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2017). 

The traditional approach to education primarily used lectures in a face-to-face 

environment between teachers and students. Class sizes from two to 200 students were taught 

through the lecture mode. Interaction between teacher and students was more personal in smaller 

classes, leading to higher achievement in these classes than in large classes (Hagedorn et al., 

2006). Dewey (1963) advocated a more interactive style of teaching in which students learned by 

doing, and learning included collaboration and reflection. Reflective practice by students and the 

instructor enhanced the traditional lecture (Dewey, 1963). This pragmatic approach involved 

finding solutions that aid student learning (Picciano, 2019). 

Social psychologists such as Skinner (1958) advocated changing methods of traditional 

education to make use of technology. Skinner saw the possibility of educational technology such 

as audiovisual aids, film projectors, and television in schools, but felt they would turn students 

into passive learners. This notion led him to consider how to use technology to make learning 

interactive. 

In 1920, educational psychologist Sidney Pressey created the first teaching machines, 

designed to individualize instruction so teachers would be free to inspire and stimulate thought 

(Watters, 2021). Pressey’s teaching machines were primarily testing machines, designed to use 

multiple-choice questions that did not present new information (Skinner, 1958). Skinner (1958) 

discussed the potential of the teaching machine with Pressey and went further, developing 

teaching machines that used operant conditioning to lead students through programmed 

instruction. His first teaching machine, called GLIDER, was introduced in 1954 to provide self-

paced learning in which information was presented to the student, who entered the answer into 

the machine (Sarma & Yoquinto, 2021). If a student answered a question incorrectly, the student 
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studied the concept and tried again to answer the question. If the answer was correct, the student 

was rewarded with encouragement and proceeded to the next concept, progressively gaining 

knowledge. Skinner’s work in developing media for use in schools was one element that led to 

the development of online education (Picciano, 2019). The creation of correspondence courses, 

later termed distance education, was also a change element in the development of online classes 

(Picciano, 2019). 

A Brief History of Online Higher Education 

The online format for course delivery originated in correspondence courses in Oxford, 

England, by Isaac Pitman in 1840 (An, 2021) and in the United States by W. R. Harper at 

Chautauqua College in New York in 1883, and later through the University of Chicago in 1893 

(Bozkurt, 2019). Harper, who became president of the University of Chicago in 1892, also 

developed the University Extension Center at the University of Chicago, which offered 

correspondence courses, and created a comprehensive junior college system offering 

correspondence courses, making these educational institutions leaders in distance education 

(Bozkurt, 2019; Picciano, 2019). 

Correspondence course delivery depended on the postal system (Parker, 2020). In the 

1920s, correspondence courses used radio and in the 1950s used television as a medium to 

deliver distance education (Kentnor, 2015). The Public Broadcasting System (PBS) became a 

major supplementary distributor of educational television in the 1960s and has continued through 

the COVID-19 pandemic, although PBS acted as a resource and did not award grades and 

degrees (Pregowska et al., 2021). Distance education is now most closely associated with online 

classes (Lee, 2017). 

Skinner and Thorndike introduced programmed learning using instructional technology 



COMPARING STUDENT ACHIEVEMENT 35 

(Ismailovna, 2021). Programmed learning was incorporated into the early computer technology 

of the 1960s and 1970s (Picciano, 2019). Patrick Suppes and Richard Atkinson created the 

Computer Curriculum Corporation, which developed computer-assisted instruction (CAI) drill 

and practice materials for reading and mathematics (Bruckner, 2015). The development of CAI 

to provide distance education gave impetus to further improvements in education. CCC was sold 

to Pearson Publishing and continues to produce CAI software. These developments dovetailed 

with the emergence of the Internet in the mid-1990s, transforming distance education into the 

present version of online learning (Ebner & Gegenfurtner, 2019). According to Cope and 

Kalantzis (2017), online learning is a series of learning interactions initiated and controlled by 

digital devices. 

In 1989, the University of Phoenix offered the first online courses through CompuServ; 

in 1991, this university became the first fully online college institution that offered both 

bachelor’s and master’s degrees (Florida National University, 2019; Kentnor, 2015). In 1996, 

entrepreneurs Glen Jones and Bernand Luskin created Jones International University, the first 

accredited and fully web-based university (Florida National University, 2019). The Alfred P. 

Sloan Foundation developed the Asynchronous Learning Networks in 1992 to aid colleges and 

universities in the production of online programs, hoping to improve the quality (Kentnor, 2015). 

From 2002 to 2012, both online and overall enrollment grew steadily (Seaman et al., 2018). 

Between 2012 and 2016, total overall enrollments in colleges and universities leveled off, with 

online numbers increasing and face-to-face numbers declining (Seaman et al., 2018). Starting in 

2020, growth in online education accelerated with the advent of COVID-19 (Scherer et al., 

2021). The philosophical argument continues regarding whether the technology or the content is 

the essence of online learning (Picciano, 2019). The ways in which education is delivered are 
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rapidly evolving (Palvia et al., 2018). Technological developments in the 2010s allowed 

synchronous learning to be added to an online course through sessions using Skype, Blackboard 

Collaborate, or Zoom (Flaherty, 2020). 

Another development in the early 21st century was prepackaged free online courses 

called MOOCs. Massive open online courses (MOOCs) are online courses that appeared in 2008 

(Deng et al., 2019). Produced by companies including Coursera, Udacity, and edX, these courses 

were initially viewed favorably as they were free and open to all (Zakharova & Tanasenko, 

2019). While MOOCs are free and may be used for credit at some colleges, the completion rates 

are low (Picciano, 2019). Students have indicated the amount of time required to do all the 

readings and assignments is the main reason for not completing the course (Seaman et al., 2018; 

Shapiro et al., 2017; Zawacki-Richter et al., 2018). Shapiro et al. (2017) identified other barriers 

to completion of MOOCs, including lack of income and poor Internet access. Some colleges and 

universities, as well as instructors, view MOOCs as a threat to higher education, possibly as 

these courses create unwanted competition for students, along with the need for instructors to 

change their teaching styles (Zakharova & Tanasenko, 2019). In contrast, some administrators 

are attracted to the cost reduction possible by using MOOCs (An, 2021). 

Online classes are increasing in number due to the demand students place on colleges to 

offer more flexible scheduling, as well as the need for colleges to offer a cost-effective solution 

to the budgetary demands placed on them (R. Paul & Tait, 2019). A growing number of students 

find the traditional classroom restrictive and inflexible (J. Paul & Jefferson, 2019). Educators and 

administrators still have the concern that online classes do not produce outcomes equal to 

traditional face-to-face education. Chirikov et al. (2020) indicated the administrative desirability 

of a cost-cutting strategy involving the use of a small number of experienced instructors at a few 
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universities, working with a Russian educational organization, OpenEdu. This organization could 

produce prepackaged online courses to be used by all the colleges in Russia. 

In an online class, the teacher is not replaced by technology; instead, the teacher adapts 

traditional teaching methods to the online format by making use of the learning technology, such 

as the features of the learning management system, e-libraries, databases, online textbooks, and 

communication features such as video-conferencing and email (Markova et al., 2017). Even 

though the mode of learning, online instead of face-to-face, is different, teacher interaction with 

students is still important. Khan et al. (2017) concluded teacher communication has a significant 

effect on student academic achievement. Moore’s theory of transactional distance indicates that 

teacher interaction reduces social distance, making the course more effective and leading to 

greater student achievement (Delgaty, 2018). A well-designed online course involves feedback 

to monitor student learning gains and frequent communication to reinforce learning, leading to 

greater learning outcomes (Ogange et al., 2018). 

Online education has advantages over traditional face-to-face learning. The asynchronous 

nature of the online class allows students more flexibility and freedom in scheduling and in 

completing assignments (Blau et al., 2018). Online classes increase access to education for 

students such as nontraditional learners and those with diverse needs (Brau et al., 2017). For 

those who want to learn a particular subject but do not desire a degree, MOOCs allow students to 

learn anything, anywhere, at no cost (Blau et al., 2018). In countries such as India, online 

learning is used to impart knowledge to students who would otherwise have no access to higher 

education (Seetha & Menaka, 2019). 

Online education also has disadvantages. Carr (2000) and Hart et al. (2018) found that 

students taking online courses are less likely to complete the courses than those taking traditional 
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courses. This fact has been confirmed by other research, including a study by James et al. (2016) 

that involved records of over 600,000 students. Online courses are perceived by instructors as 

providing greater opportunities for students to cheat (Peterson, 2019). Transactional distance is 

increased in online classes as a result of no face-to-face interaction, due to the lack of physical 

presence of the instructor (Maheshkar & Soni, 2016). Presence can be created in several ways, 

such as increased personal communication and rapid feedback (Oregon et al., 2018). Learner–

teacher interaction is vital in online classes, especially for at-risk students who are more likely to 

fail an online course (Delgaty, 2018). These students require rapid feedback to increase the 

likelihood of success (Shelton et al., 2017). Communication is essential to produce learner–

teacher interaction (Bozkurt, 2020) and is the glue that holds the course together. An inverse 

relationship exists between learner–teacher interaction and transactional distance; that is, as 

instructor support increases, distance is reduced (Gavrilis et al., 2020). However, Abuhassna and 

Yahaya (2018) found learner autonomy increases with greater transactional distance, as the 

student is forced to become more self-reliant. Seetha and Menaka (2019) found online education 

is ineffective with students who are not self-motivated. According to Cooper and Stowe (2018), 

the attrition rate is higher for financially challenged students taking online classes due to lack of 

resources such as computers and Internet access. 

The online learning format is now mainstreamed (Kumar et al., 2019). Even before the 

COVID-19 pandemic, online education was growing at a faster pace than ever before (Seaman et 

al., 2018). As a result of the COVID-19 pandemic, 98% of all higher education students took at 

least one online class in 2020 (Bustamante, 2021). Online education has been used to teach most 

subjects in 4-year colleges and universities, and the effectiveness of online education has been 

researched in areas including the humanities, economics, law enforcement, and computer 
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science. However, the development of online courses in STEM classes has lagged (Chirikov et 

al., 2020), as have studies of courses in the STEM fields (Nennig et al., 2020). 

STEM and Online Courses 

The growth of scientific illiteracy in the United States will affect the country’s future 

survival (Rees, 2018). Knowledge of the importance of courses in STEM and the realization that 

so many students are not being reached by traditional methods made this study important. More 

specifically, this study may provide insight into whether online astronomy courses are equivalent 

to face-to-face astronomy courses. While a variety of studies comparing online to face-to-face 

classes are available in subjects such as finance (Brau et al., 2017), health care (Ebner & 

Gegenfurtner, 2019), and economics (Arias et al., 2018), studies in the area of astronomy are 

lacking. 

Faulconer et al. (2018) discussed the lack of studies involving online lab experiments in 

STEM. Burchett and Hayes (2017) indicated the difficulty of providing a lab for online courses, 

suggesting the use of prepackaged lab kits such as Lab Paq, produced by Hands On Labs, Inc. 

Jeschofnig and Jeschofnig (2011) contended STEM classes must be offered online to make 

science education easier to access, with the hope this flexibility can help to meet the needs of the 

world in addressing the sustenance of life on Earth. Development of portable laboratory kits can 

make online STEM courses possible (Burchett & Hayes, 2017). The use of computer simulations 

offers another means of conducting science labs (Yllana-Prieto et al., 2021). Cortiz and Silva 

(2017) suggested the use of virtual reality to immerse the student in an interactive learning 

environment in which a teacher could prepare an online module on electricity with images and 

spoken dialogue along with guidance in performing investigations, rather than the traditional 

lecture. Head-mounted displays can allow students to immerse themselves in a learning 
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environment (Radianti et al., 2020). Krokos et al. (2019) concluded that students who use virtual 

reality retain more information and are better able to apply it, while Jensen and Konradsen 

(2018) showed that virtual reality increases student engagement and time spent on learning. 

The growing fields of astronomy education research and physics education research 

(PER), pioneered by researchers such as Bailey et al. (2011), resulted in the creation of the 

International Study of Astronomy Education Research database to collect journal articles and 

professional meeting contributions to serve the astronomy education research community (S. J. 

Slater et al., 2017). In physics education research, a database known as PER Central (2021) is 

available to teachers and researchers. Similar databases are available for mathematics (Bussmann 

et al., 2019) and chemistry (Cooper & Stowe, 2018; Faulconer et al., 2018). 

An online STEM course is the perfect vehicle for the application of new technology. 

Technology was defined by Yang and Baldwin (2020) as a set of tools, formats for presentation, 

and strategies for application of these elements. Advancements in technology affect how content 

is delivered, as indicated by the multimedia theories of Mayer (2019). The presentation of 

knowledge is guided by the design and selection of multimedia in the online course (Yang & 

Baldwin, 2020). STEM courses can make use of a variety of presentations, including 

simulations, gaming, interactive tutorials, and embedded videos. Gaming is an attractive means 

for presenting information, eliciting application, and inspiring interaction, due to the popularity 

of computer gaming for recreation (Kalogiannakis et al., 2021). Adam Frank’s (2020) astronomy 

video game At Play in the Cosmos incorporates all the topics from an astronomy course, calling 

on students to make use of learned concepts and forcing them to synthesize that knowledge. 

Gaming can provide a unique, innovative learning experience for students that motivates 

conceptual learning (Kalogiannakis et al., 2021). This and other advancements in educational 
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technology can improve the support of STEM students, leading to greater achievement (Yang & 

Baldwin, 2020). 

Methods of Assessment 

Teaching effectiveness is a measure of how much students learn and how much 

knowledge is gained in a specific course (Arias et al., 2018). Grades have served as a measure of 

knowledge achievement for higher education since the first grading system appeared at 

Cambridge University in 1792 (Akinde, 2020) using the format established by factories with “A” 

representing the best work. In the 1880s, F. Y. Edgeworth based a grading system on the normal 

curve to indicate academic achievement and to award diplomas and honors (Brookhart et al., 

2016). Grades have become a multidimensional representation of student achievement and effort 

to master and apply content (Brookhart et al., 2016). 

To compare the effectiveness of traditional education to online education, standards for 

comparison of student achievement must be established. Picciano (2019) asserted student 

performance may be measured in different ways, including grades, increased knowledge 

measured from pretest to posttest, and successful completion of a course. Some studies made use 

of a standardized test for which validity and reliability had been determined (Arias et al., 2018). 

Another study compared the two groups according to gains in achievement measured by pretest 

and posttest for each format (Berga et al., 2021). Still others compared only posttests, final 

exams, or the course average in percentage or letter grade form as a measure of achievement 

(Alghamdi et al., 2020; Brau et al., 2017; Davison & Dustova, 2017; J. Paul & Jefferson, 2019; 

Pei & Wu, 2019). 

Comparing Traditional to Online Education in Colleges and Universities 

The quality of student outcomes resulting from the use of computer technology has been 
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compared even before online education began in the early 1990s. Kulik studied the effects of 

technology on education as computers were introduced in the 1970s and 1980s, concluding that 

computer instruction had positive effects on student achievement (Kulik et al., 1986). Clark 

(1989) contested these results, finding the studies to be flawed, and argued the content of an 

educational course is far more important than the technology. Kozma (1994) countered Clark’s 

hypothesis, arguing the technology is integral to the way in which education is presented. These 

arguments formed the basis for future studies comparing online and face-to-face courses. 

Students take online classes due to the flexible nature of the courses and the need to 

schedule around daily responsibilities (Broadbent, 2017). Nontraditional students are attracted to 

the asynchronous nature of online learning. Colleges and universities see the cost-cutting 

benefits of online classes, including the reduction of faculty, offices, dorms, and other services 

(Palvia et al., 2018). 

While initial studies showed online courses to be superior to face-to-face courses 

(Bernard et al., 2017), other studies have shown that online courses produce equivalent results 

(Chirikov et al., 2020), and still others report lower academic achievement compared to face-to-

face instruction (Bettinger et al., 2017). The three categories—no significant difference, online 

courses are superior, and face-to-face courses are superior—are discussed as follows. 

No Significant Difference 

Some studies comparing online courses to face-to-face courses show no significant 

difference in achievement. Russell (2019) reviewed studies comparing online to face-to-face 

instruction from the first decade of online education and noticed the results often showed no 

significant difference in achievement. Russell compiled over 355 studies and presented them as a 

database at the National Research Center for Distance Education and Technological 
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Advancement website, funded by the U.S. Department of Education. Rajab (2018) performed a 

study involving 36 courses with over 6,000 students in a Saudi Arabian university and found no 

significant difference in performance between e-learning students and those taught using 

traditional methods. In a study of childhood development classes taught in both online and face-

to-face formats, Yen et al. (2018) concluded students in online classes had equivalent academic 

achievement to students in face-to-face classes. 

According to Chirikov et al. (2020), online courses are equivalent to traditional courses 

and must necessarily grow in number to counter shrinking higher education budgets. A 

comparison of engineering students at three universities in Russia found online courses produced 

similar results to face-to-face courses, with the conclusion that an increase in the number of 

online courses will reduce the need for faculty so that increases in enrollment can be funded 

(Chirikov et al., 2020). In a quantitative comparison of inorganic chemistry students taking 

online and face-to-face courses, no significant difference was found (Nennig et al., 2020). 

Scarabottolo (2019) analyzed grade differences between students in a security of computer 

systems and networks program in Italy, finding that online students achieved comparably to but 

not better than face-to-face students. 

The findings of no significant difference give hope to college and university 

administrators that online learning is an alternative to traditional education. During the COVID-

19 pandemic, many administrators believed all courses could be shifted to online format without 

loss of efficacy (T. Day et al., 2021). The scale of the transition was phenomenal, with 

instructors adjusting their courses to online format and students feeling the jolt of the change 

(Dhawan, 2020). 

Online Education Is Superior 
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Other studies show online courses are superior to traditional courses. Faulconer et al. 

(2018) performed an archival study on 823 introductory chemistry courses and concluded online 

students outperformed face-to-face students in both lecture and lab. The results of a metastudy 

by Ebner and Gegenfurtner (2019) showed health-care students receiving online training scored 

higher than those who received face-to-face training. According to Basilaia et al. (2020), the 

nation of Georgia converted from a traditional format to completely online due to the COVID-19 

pandemic. Using the Google Classroom learning management system and associated Google 

applications such as the Jamboard whiteboard, instructors and students had favorable opinions of 

the online classes. J. Paul and Jefferson (2019), in a metastudy of environmental science students 

(n = 548) over an 8-year period, found online students performed significantly better than face-

to-face students. Students were found to prefer online classes due to their flexibility and lack of 

scheduling complications. Fadol et al. (2018) found management students performed better in 

online courses than in traditional courses. Bernard et al. (2017) performed a study of inorganic 

chemistry students in a course offered in both online and face-to-face formats, finding the online 

group scored significantly higher on a posttest compared to the face-to-face group. Attitudes 

toward the online course were also significantly more positive. 

Face-to-face Education Is Superior 

Bourelle and Bourelle (2017) cited a survey of online education performed by the Babson 

Group in 2011 in which many instructors questioned the effectiveness of online classes and 

concluded face-to-face instruction is superior to online instruction. In a study of microeconomics 

students at a Canadian university, face-to-face students scored significantly higher than online 

students (Arias et al., 2018). Students were randomly assigned to online and face-to-face 

sections, and the students in both courses used the same assignments and assessments. However, 
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the sample size was small (n = 37) for the study. Brau et al. (2017) found face-to-face students 

achieved significantly better than online students in finance classes. In an online 

electrocardiogram course at the University of Ulm, Germany, students indicated a preference for 

the face-to-face format because of the greater interaction with an instructor, which decreased 

transactional distance (Keis et al., 2017). The qualitative study with n = 340 students also 

concluded the obligation to be physically present at a particular time on particular days led to 

greater commitment and better outcome in the course (Keis et al., 2017). According to Bettinger 

et al. (2017), online courses are inferior to face-to-face courses and the students who enroll in 

online classes are less likely to complete a college degree. Using a causal-comparative approach, 

Amro et al. (2018) determined student learning in algebra is more effective in the face-to-face 

format. Garratt-Reed et al. (2016) conducted a study of students taking introductory psychology; 

overall student grades were higher for the face-to-face students than for the online students. In 

addition, the retention rate was 93% for the face-to-face students, while only 80% for the online 

group. 

The results of early studies showing online courses to be superior to face-to-face courses 

may be explained by student cheating (Goff et al., 2020). According to Goff et al. (2020), 

students taking online business courses cheat more often than face-to-face students. Tiong and 

Lee (2021) asserted the need for online courses to make use of artificial intelligence in 

proctoring to mitigate academic dishonesty. However, Peterson (2019) and Tolman (2017) found 

the online environment does not promote cheating or plagiarism. 

Comparing and Contrasting the Findings 

Identifiable similarities exist for online and traditional education. Both formats share the 

goal of providing an effective learning experience to prepare students for future careers and to 
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sustain and improve civilization (Chirikov et al., 2020). Each educational format makes use of 

text, audio, and visual media (Mayer, 2019). Both modes of learning at their best provide an 

interactive experience between student and student and between teacher and learner (Delgaty, 

2018). Interaction is an essential element of student satisfaction, with both learner–learner and 

learner–teacher interactions the best indicators of learner satisfaction with a course (Kuo et al., 

2014). However, studies comparing online to face-to-face formats for a variety of subjects show 

different results. Bernard et al. (2017) found online to be superior to face-to-face for a course in 

introductory chemistry, while Brau et al. (2017) and Hurlbut (2018) concluded face-to-face is 

more effective in finance and teacher education courses, respectively. The question is why the 

difference in findings occurs. 

Stack (2015) found a lack of proctoring for tests makes cheating a likelihood in online 

learning that does not appear in face-to-face courses. According to Richardson et al. (2017), 

some courses, due to their greater need for social presence and the connectedness of a learner to 

other learners and the instructor, are better suited for face-to-face instruction than for online 

instruction. Perhaps both explanations are correct. In the STEM field, subjects with laboratory 

experiments, such as biology, may viably be taught in an online setting, while physics and 

chemistry laboratory exercises requiring greater immediate guidance may be more effective in 

the traditional format (Faulconer et al., 2018). 

The way in which a hands-on lab is presented and carried out might determine the 

difference, favoring face-to-face learning due to the social presence and synchronous learning 

used to guide students through the steps of each experiment. Using a Zoom session to 

accomplish this type of task has not been studied, although Archibald et al. (2019) found Zoom 

is successful in presenting qualitative information. Blended or hybrid learning is defined as the 
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delivery of instruction through a combination of online and traditional face-to-face formats 

(Hrastinski, 2019). According to McKenna et al. (2020), blended learning may be the solution 

providing the best of both worlds in education: (a) the asynchronous flexibility of online learning 

for video or PowerPoint lectures and assignments and (b) the immediacy of synchronous 

learning for laboratory experiments and testing. McCutcheon et al. (2018), in a randomized study 

of nursing students in the United Kingdom, showed that students in blended courses had greater 

academic achievement and a more positive learning experience than those taking the same 

course online. In the present study, the STEM subject of astronomy was analyzed to see whether 

a significant difference exists in achievement levels between online and face-to-face students. 

Counterargument 

In the 21st century, educational technology is growing rapidly. Students undoubtedly 

benefit from new technology if used appropriately (Bernard et al., 2017). Many studies show 

online courses to be superior to the face-to-face format, while many others show the opposite to 

be true and still others reveal no significant difference. For instance, Faulconer et al. (2018) 

concluded students taking chemistry courses scored higher in online classes than in traditional 

classes, but Brau et al. (2017) found face-to-face students performed superior to online students 

in finance courses, and a third study showed no statistically significant difference between the 

two formats in computer science courses (Scarabottolo, 2019). These conflicting results indicate 

online teaching may be more effective in some subject areas than in others. The findings of these 

studies may be accurate, but only for the specific subjects that were investigated, and therefore 

may not be representative of STEM classes. Researchers need to look at each subject on an 

individual basis to determine the effectiveness of the online format for that particular subject. 

Further evidence for this need was shown in a Washington state study that concluded colleges 
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should identify those courses that are most effectively taught in the online format, which will 

produce better learning outcomes and serve students better (Xu & Jaggers, 2014). 

Gap in Literature 

Online and traditional education have been compared for a variety of undergraduate 

courses, with different conclusions. Some studies show the traditional format is superior to 

online education (Brau et al., 2017), while others show online to be superior (Bernard et al., 

2017) or equivalent (Russell, 2019) to face-to-face education. Prior to COVID-19, a smaller 

number of online courses were offered for STEM, particularly in the physical sciences, than for 

other subjects (Nennig et al., 2020), although the COVID-19 pandemic has forced STEM 

subjects onto the Internet. Studies comparing online and traditional STEM courses have been 

done for subjects such as college algebra (Amro et al., 2018) and chemistry (Bernard et al., 

2017), but a review of the literature found no study performed for astronomy, creating a gap, 

which this study addressed. 

Chapter Summary 

Education has transitioned from a traditional face-to-face lecture format to technology-

driven online and blended forms. According to M. G. Moore’s (1993) transactional theory, 

decreasing transactional distance must be a primary goal regardless of format. The use of media 

must be planned carefully in online courses, conforming with Mayer et al.’s (2016) e-learning 

theory. Many studies show online to be superior to face-to-face format, while many others show 

the opposite to be true and still others reveal no significant difference. These conflicting results 

indicate online teaching may be more effective in some subject areas than in others. The findings 

may be accurate, but only for the specific subjects that were investigated, and therefore may not 

be representative of STEM classes. 
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Researchers need to look at each subject on an individual basis to determine the 

effectiveness of the online format for that particular subject. Further evidence for this need was 

shown in a Washington state study that concluded colleges should identify those courses that are 

most effectively taught in the online format, which will produce better learning outcomes and 

serve students better (Xu & Jaggers, 2014). Studies of the outcomes according to gender must 

also be performed to produce higher achievement for all. 

The rapid increase in the number of online courses makes it essential to find out whether 

students are achieving on a level similar to traditional face-to-face students (R. Paul & Tait, 

2019). With the spread of COVID-19 beginning in early 2020, colleges and universities, along 

with K–12 schools, found it necessary to expand the use of online learning, which has 

highlighted the issue of effectiveness of online teaching and learning (Dhawan, 2020). Previous 

studies of the effectiveness of the online format have been inconclusive. A search for journal 

articles indicated few studies of the effectiveness of online astronomy classes; thus, studying this 

topic will fill a gap in existing knowledge. A study of online teaching in this STEM area will 

contribute to knowledge about science education on the college level and stimulate further 

research. 

The literature shows numerous studies have been performed in online learning, with 

mixed results regarding effectiveness for all students, but a gap exists in research in online 

STEM classes such as astronomy. This study added to the literature and filled the gap in 

knowledge by comparing online student achievement in astronomy with face-to-face student 

achievement in astronomy using the theory of transactional distance and e-learning theory. This 

study to determine whether online STEM courses such as astronomy are equivalent to traditional 

face-to-face STEM courses was necessary due to the need for improved STEM courses. 
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The research methodology and design are presented in Chapter 3. The population is 

explained. Data collection and data analysis are described, and ethical concerns are addressed. 
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Chapter 3: Methodology 

With the advent of technology in education and the devastation of traditional face-to-face 

education inflicted by COVID-19, online courses have been thrust to the forefront of education 

(Dhawan, 2020). STEM courses are underrepresented in online education (Margoniner, 2014; M. 

G. Moore, 2016). A gap in the knowledge can be filled by performing a study to determine 

whether online astronomy courses produce equivalent student achievement compared to face-to-

face astronomy courses. 

Research problems involve an issue, controversy, or concern that calls for a study 

(Creswell & Guetterman, 2018). The problem is that online STEM courses may grow in number, 

yet instructional leaders do not know if these courses produce the same outcomes as traditional 

face-to-face STEM courses. The purpose of this quantitative quasi-experimental study was to 

determine whether a statistically significant difference exists in final grade between online 

college astronomy students and face-to-face astronomy students. 

Research methodology and research design are provided and justified in this chapter. A 

discussion regarding the population and sample, research procedures, methods of collecting data, 

reliability and validity of the study, data analysis, and the guiding theoretical framework for the 

study are presented. The role of the researcher, objectivity, and ethics are included in this 

chapter. 

Research Question and Hypotheses 

Research questions are specific problems researchers seek to answer and guide the 

methods of the study (Creswell & Guetterman, 2018). Hypotheses are statements that predict the 

possible results of a study (Hoy & Adams, 2015). The following research question and 

hypotheses guided this quantitative study: 
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Research Question: Is there a statistically significant difference in final grade between 

online and face-to-face astronomy students at a university? 

H0: There is no statistically significant difference in final grade between online and face-

to-face astronomy students at a university. 

Ha: There is a statistically significant difference in final grade between online and face-

to-face astronomy students at a university. 

Research Design and Rationale 

The methodology of this study was quantitative. To compare achievement levels of 

online and face-to-face astronomy students, achievement was measured using archival data from 

astronomy classes in 2017 through 2019, consisting of final course letter grade for each student. 

Comparisons were made using statistics, necessitating the use of a quantitative research 

methodology. Qualitative research is subjective and concentrates on the opinions of the 

participants, whereas quantitative research is objective and concentrates on measurable data from 

participants (Creswell & Guetterman, 2018). While qualitative research can reveal information 

about the thoughts and feelings of participants, its methods cannot address the research question 

and hypotheses of this study. Quantitative research focuses on measuring or experimentally 

manipulating a small set of variables to answer research questions and hypotheses (Creswell & 

Creswell, 2020). This type of research involves the use of statistics to analyze numerical data 

(Rosen, 2019). Hypotheses are formed and tested, and theories are generated to explain behavior 

(Hoy & Adams, 2015). 

In this study, a quasi-experimental design was used. A quasi-experimental design is used 

to establish cause and effect between independent and dependent variables when the samples are 

not randomly selected (Creswell & Guetterman, 2018; Rosen, 2019). Participants were students 
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enrolled in sections of college astronomy at a university in Texas from 2017 through 2019. 

Students chose the section in which to enroll; random placement of the students is not possible at 

the research site. Randomization was a variable that could not be controlled in this study as 

university policy allowed students to self-select into courses. Designs in which the researcher has 

little or no control over random assignment of subjects to treatments are called quasi-

experiments (Creswell & Creswell, 2020). A benefit of the design for this study was that even 

though the subjects were not randomly selected, the instructor, PowerPoint lectures, videos, and 

assignments were the same for each group. Controlling as many variables as possible made the 

study more consistent (Hoy & Adams, 2015). Final letter grade for all online students was 

pooled into one group, and the same was done for all face-to-face students. 

Due to restrictions on face-to-face classes, data for comparing online to face-to-face 

classes could not be collected from classes in session; thus, archival data from 2017 through 

2019 were used. A quasi-experimental design was suitable for answering the research question as 

randomization of the sample was impossible (Rosen, 2019). In this study, the methodology of a 

posttest-only control-group design was advantageous in overcoming the confounding effects of a 

pretest (Creswell & Creswell, 2020). Confounding is a threat to the validity of an experiment that 

occurs when a variable affects the outcome of an experiment (Creswell & Creswell, 2020). 

Campbell and Stanley (1966) maintained a posttest-only design is more robust than a pretest–

posttest design due to the inability to show that the pretest did not influence the posttest scores. 

The treatment—online education format—was given to one group, while the control group 

experienced traditional face-to-face education. Stack (2015) used a posttest only as the 

instrument in his comparison of online and face-to-face criminology students. Final average 

scores of students have been used to compare online and face-to-face students (Brau et al., 2017; 
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Hurlbut, 2018; Jones & Long, 2013; J. Paul & Jefferson, 2019). 

Restriction on completing a dissertation and the time to collect and analyze archival data 

represented the time constraints of this experiment. Request for archival data was submitted (see 

Appendix A) and approved by the appropriate officer at the research site (see Appendix B). No 

constraint existed on resources as the samples were preselected and accessible through a portal 

that was provided for retrieving the archival data. Compensation for participants was not 

required. Sample size was compromised based on the number of students in courses during the 

time frame of the archival data. Tests of the hypotheses were to be performed using t tests as the 

presumed value of n = 70, with at least 35 participants in each group, means the sample size was 

large enough to use the t test (Privitera, 2018). However, both the online data and the face-to-

face data were found to violate the conditions of normality and equal variance, so a 

nonparametric test was required. For this reason, the Mann–Whitney U test was used. The 

Mann–Whitney U test is a nonparametric alternative to the t test for distributions that are 

nonnormal (Privitera, 2018). 

For the research question, the independent variable was the learning format of online or 

face-to-face, while the dependent variable was the final course letter grade. An unpaired 

independent t test was proposed to compare the mean final grade for the groups to answer the 

research question. A t test is useful when the independent variable has exactly two categories and 

the dependent variable is continuous (Hoy & Adams, 2015). The t test works well for small 

groups of at least 20 subjects (Bailey et al., 2011). Due to difference in variance and the fact the 

data were not normally distributed, the nonparametric Mann–Whitney U test was used. 

A purely experimental design would have been desirable as it involves random selection 

of subjects and removes selection bias (Rosen, 2019). However, a purely experimental design 
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was not possible at the research site, necessitating the use of a quasi-experimental design 

(Creswell & Creswell, 2020). Because a quasi-experimental design was used, the results of the 

study are not generalizable to a comparison of online and face-to-face astronomy classes at all 

colleges, but the study can be replicated by researchers at other sites. 

Role of the Researcher 

The study took place at a university in Texas with a student population of about 8,000. 

Students in the face-to-face and online astronomy classes received the same assignments and 

tests. The same instructor could not be used for all classes, which would have increased the 

consistency of the design by removing the variable of instructional style. As the data were 

archival, no ethical risk of denying one group a beneficial treatment existed. Site permission and 

Institutional Review Board (IRB) approval were obtained before the study was initiated. 

Confidentiality was assured as the data did not include the identities of the participants and the 

data were not shared with others (Creswell & Guetterman, 2018). As names were not given in 

the archival data, no possibility existed of revealing participant identities in reporting the results. 

Research Procedures 

This quasi-experimental study used two groups—online and face-to-face—of unequal 

size. A single-blind test design was used as the students had already taken the course and did not 

know which class was the experimental group (S. J. Day & Altman, 2000). In a single-blind 

study, the design prevents influencing participant expectations and contributes to an unbiased 

study (Rosen, 2019). As the data were archival and the study was ex post facto, no influence was 

possible. The procedure for carrying out a quasi-experimental study mirrors that of a purely 

experimental study except for the lack of random selection and the lack of control, which means 

outside factors are more likely to influence the outcome (Rosen, 2019). Research procedures for 
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this study included identifying and justifying the population and sample selection, 

instrumentation, treatment, independent and dependent variables, and data collection. 

Population and Sample Selection 

The population for this study was 488 students in all sections of introductory astronomy 

at a university in Texas from 2017 through 2019. The sample consisted of students in sections of 

online and face-to-face introductory college astronomy, ASTR 1303. Final grade data were 

available for n = 152 students in the online section and n = 336 students in the traditional face-to-

face section. Random selection was not possible as the students had already chosen the section in 

which to enroll. Sample size of at least 67 was determined by a sample size calculator with 

population of 360, confidence level of 95%, margin of error of 5%, and population proportion of 

5%. Students who dropped the course were not included as no final average score was provided 

for these students. 

The classes had the same reading assignments, tutorial exercises, videos with video 

worksheet assignments, lab exercises, and tests. Lectures were identical and given in the form of 

PowerPoint slides with audio commentary and videos available to both classes. The same final 

exam was given to each section, and the average final score in the form of a letter grade for the 

course provided data to compare achievement levels of the two groups. The same office hours 

were available to both groups of students to provide access to the instructor in person, through 

email, by telephone, or by Zoom session. The only difference was the format: online or face-to-

face. In an experimental or quasi-experimental study, the preference is to control as many 

variables as possible and manipulate one aspect: the independent variable (Hoy & Adams, 2015). 

In experimental studies, informed consent is essential to protect the privacy and 

confidentiality of participants (Creswell & Guetterman, 2018). The director of public data for the 
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university research site indicated the study did not need to be approved by the IRB to ensure 

ethical treatment of subjects as all data were ex post facto (see Appendix B; R. Pressley, personal 

communication, April 27, 2021). Confidentiality was maintained as participants’ identities were 

not provided. 

The independent variable was the learning format: online or face-to-face. The dependent 

variable was the final average score in the course, given in the form of a letter grade. For both 

groups, the tests and final exam were given under supervised (proctored) conditions on campus, 

so opportunities for cheating were decreased, thus removing a potential source of measurement 

error present in previous research (Stack, 2015). 

Instrumentation 

A quantitative study was used to compare final course grades using archival data from the 

student records at a university in Texas from 2017 through 2019. Final course grades have been 

used in other studies comparing achievement in online classes to face-to-face classes (Brau et al., 

2017; Hurlbut, 2018; Jones & Long, 2013; J. Paul & Jefferson, 2019). The median for each 

group was used in the data analysis to determine whether a statistically significant difference 

exists in letter grade, aligning with the research question. 

Program 

In this quasi-experimental study, achievement of conceptual astronomy knowledge was 

compared between an online (experimental) group of 152 students and a face-to-face (control) 

group of 336 students at a university in Texas. A posttest-only design was used: 

 Online Group: R X O 

 Face-to-Face Group: R  O, 

where R is the group, X is the treatment, and O is the outcome (Creswell & Creswell, 2020). 
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The treatment in this study was the online educational format for an astronomy class at a 

university, chosen to determine whether a statistically significant difference exists in 

achievement between online and face-to-face students. The outcome was the final letter grade in 

the course, indicating level of achievement in introductory astronomy. Each class was exposed to 

the same readings, videos, PowerPoint lectures, and assignments, and each class took the same 

tests and final exam. Using classes taught by the same instructor was not possible. Students from 

each class had access to their instructor through email, telephone conversations, Zoom sessions, 

or face-to-face meetings. The only difference was the format: online or face-to-face. 

Archival Data 

Due to restrictions on face-to-face classes resulting from COVID-19, data for comparing 

online to face-to-face classes could not be collected from classes in session; thus, archival data 

from 2017 through 2019 were used. The COVID-19 crisis created a situation in which face-to-

face classes are not available at many research sites (T. Day et al., 2021). Several studies 

comparing online to face-to-face courses have used archival data (Bettinger et al., 2017; Brau et 

al., 2017; Faulconer et al., 2018). Data for this study were obtained from the Public Information 

Center at the study site. 

Data Collection 

Students in both groups completed the same assignments, tests, and final exam. A 

posttest-only design is appropriate for collecting data for a quasi-experimental study, with the 

final average letter grade used as the final exam score was not available (Creswell & Creswell, 

2020). Data for this study were the final average letter grades of students. Data cleaning is 

essential to prepare the raw scores for data analysis (Creswell & Guetterman, 2018). Data 

cleaning to remove students who did not complete the course was not necessary as these students 
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were not included in the supplied data. The data were entered into an Excel spreadsheet for data 

analysis to answer the research question. For the research question, the two groups of data 

(online and face-to-face) were manually entered into two tables. In each table, one column 

consisted of each student’s average grade in letter grade form. When research is performed, even 

though data can be identified with a participant, the information is to be kept confidential 

(Babbie, 2020). In this study, names of students were not provided with the archival data, so no 

steps were necessary to assure confidentiality and anonymity. Data coding is necessary for 

transforming raw data into useful information (Creswell & Guetterman, 2018; Rosen, 2019). The 

data file included the final letter grade for the participants so data analysis could be performed 

using Excel. 

All hard copies of data will be stored in a locked file cabinet for the mandated 3 years 

(Electronic Code of Federal Regulations, 2018), after which time the data will be shredded and 

destroyed. Electronic data will also be secured in a password-protected computer and erased after 

3 years (Electronic Code of Federal Regulations, 2018), and a backup of the data on a zip drive 

will be locked with the hard copy and destroyed after 3 years. Confidentiality was assured as the 

researcher was not given the names of students. 

Data Analysis 

All necessary records were available and kept confidential. The researcher maintained 

records in a password-protected computer, and a copy of the data were kept in a locked file 

cabinet. These data were transferred for the purpose of data analysis for the study. 

The participants in the experimental group completed the astronomy course online (the 

treatment), while the participants in the control group turned in the same assignments face-to-

face. Student achievement was measured for both groups by the final course average letter grade. 
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In an experimental study, data must be coded, which means the scores are entered into a 

computer file (Creswell & Guetterman, 2018). The data from the letter grades were entered into 

an Excel spreadsheet in coded form (A = 4, B = 3, C = 2, D = 1, and F = 0). Bad data, such as for 

students who did not complete the course, did not need to be excluded as such data were not 

included in the data file. Data were cleaned manually by observing the scores for incorrect entry 

and preparing data in the right form for statistical analysis. Creswell and Creswell (2020) stated 

comparing groups according to outcomes is the heart of experimental analysis. 

As two unpaired (unrelated) samples were compared (an online section and a face-to-face 

section), an independent-sample t test was proposed for the statistical analysis of the data 

(Privitera, 2018). In answering the research question, the assumption was the data would be 

normally distributed. This assumption was checked using the Shapiro–Wilk test for normality, 

and the data were found to significantly differ from a bell-shaped distribution. As the data were 

not normally distributed, the t test could not be used (Privitera, 2018). Additionally, the Levene 

test for homogeneity of variance was used to assess for differences in variation of the dependent 

variable between the independent groups. The assumption of homogeneity of variance was 

violated. The results of the two tests made it necessary to apply the Mann–Whitney U test to test 

the hypotheses and answer the research question. The Mann–Whitney U test is a nonparametric 

test that can be used as an alternative to the t test when the sample size is not normally 

distributed (Laerd Statistics, 2021c; Privitera, 2018). To analyze the data, Excel was used 

initially but discarded in favor of SPSS 28 due to the large amount of data. 

Reliability and Validity 

Reliability refers to consistency of the research and accuracy of the procedure (Babbie, 

2020). As students in both classes completed the same assignments and final exam, the final 
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average in the course was expected to be a consistent and accurate way to compare the two 

groups. Reliability can be confirmed through a repetition of the experiment through several 

semesters at the same research site, but this was not possible due to time constraints. 

Validity describes whether the research is believable and successful in measuring what is 

being studied (Babbie, 2020). External validity indicates whether the results of a study can be 

transferred to other groups (Rosen, 2019). The lack of random sampling in the selection of 

participants in this study necessitated using a quasi-experimental design, which means the results 

cannot be generalized to a wider population (Rosen, 2019). Another threat to external validity is 

generalization to another time, for example, stating the results of the study will hold true in the 

future (Creswell & Creswell, 2020). This study took place at a single university in Texas, and the 

results cannot be generalized to astronomy courses at all universities. 

Internal validity is a measure of the credibility of a study in making a cause-and-effect 

inference (Creswell & Guetterman, 2018). One way to mitigate a threat to internal validity is to 

ensure testing is performed the same way for both control group and experimental group 

(Creswell & Creswell, 2020). In this study, the same tests and final exam were given under the 

same conditions to both the experimental group and the control group. Results of an 

experimental study can be affected by the process. In a threat to internal validity called the 

Hawthorne effect, participants show measurable gains that are not permanent as a result of the 

knowledge that they are being observed (Bailey et al., 2011). In this study, archival data from 

completed courses were used, so student performance was not affected and could not influence 

the results of the study. The data used were archival, so neither group could have been informed 

that a study would be performed; therefore, a single-blind test procedure was followed as neither 

group could know which was the experimental group (S. J. Day & Altman, 2000). One final 
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threat to the internal validity of a study is attrition or mortality as participants opt out of the 

study, reducing the sample size and endangering the ability to make conclusions. This threat was 

negated as the courses were completed in 2017 through 2019 and only final grades of students 

who completed the course were used. 

While complete objectivity can never be attained (Babbie, 2020), it is still the goal of 

experimental studies (Hoy & Adams, 2015). Objectivity involves viewing and inferring without 

bias or personal preference (Hoy & Adams, 2015) and is operationalized when the researcher 

shows no bias in completing a study and when the procedures used in the study allow two 

observers studying the same problem to arrive at the same conclusion (Babbie, 2020). In this 

study, distance from the study participants was assured as the data were archival in nature, which 

effectively avoided contaminating or influencing the data and negated bias, removing a threat to 

objectivity. Objectivity was observed in completing the study, analyzing the data for inferences, 

and reporting the results by performing each step without expectation of a particular outcome. 

Threats to objectivity include bias in expecting a certain result, which was avoided in this study 

by careful handling of data and performing a check of the data entry and statistical methods. 

Review of the study by peers will aid in confirming lack of prejudice. Transparency aids in 

achieving objectivity (Babbie, 2020). Objective procedures must show clarity, accuracy, 

consistency, replicability, and reliability (Hoy & Adams, 2015). 

Ethical Procedures 

Ethical procedures in performing research are agreed-on conceptions of what is proper 

and improper in performing a study (Babbie, 2020). In this study, archival data were used from 

online and face-to-face astronomy classes at a university in Texas; site permission was granted 

(see Appendix A). All data will be stored securely and kept for 3 years (Electronic Code of 
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Federal Regulations, 2018). In a study, no harm must come to the participants (Rosen, 2019). 

The quasi-experimental design compared academic achievement in astronomy using archival 

final course letter grades in which participant identities were not given, so no psychological or 

physical harm was possible. Analysis and reporting of the data can do harm to participants 

(Babbie, 2020). In this study, the median value of each of two groups (online and face-to-face) 

was reported with no mention of individual participants. Data from online and face-to-face 

astronomy classes held in Fall 2017 through Spring 2019 were used. 

Protection of identity is of concern in research (Babbie, 2020). Anonymity was assured as 

participant identities were not included in the data, so a given score could not be matched with 

any participant. Confidentiality was achieved as the participant identities were not known or 

revealed. All hard copies of data will be locked in a file cabinet for 3 years, and electronic data 

will be stored in a password-protected computer, to be erased in 3 years. No conflicts of interest 

were present as the research involved data from a university with which the researcher is 

unaffiliated. 

Ethical procedures in research were established in 1979 with the publication of The 

Belmont Report by the National Commission for the Protection of Human Subjects of 

Biomedical and Behavioral Research (Rosen, 2019). The three principles of The Belmont Report 

include respect for persons, beneficence, and justice (Rosen, 2019). As the data for the present 

study were archival, no issues of protection from harm, benefits of learning, and fair treatment of 

subjects existed. 

Chapter Summary 

A brief overview of the problem and purpose of the study was given in this chapter. The 

methodology for this study was quantitative, with a quasi-experimental design using archival 
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data to determine whether a statistically significant difference exists in achievement of 

astronomy knowledge between an online class and a traditional class. Methods by which the 

research was conducted were outlined, including a description of the research design, sampling 

method, and data collection. Ethical considerations and validity and reliability of the study were 

outlined. Data were collected in the form of final average course letter grade and analyzed using 

the Mann–Whitney U test. 

Analysis of the data and findings of the study are presented in Chapter 4. The data are 

presented to address the research question. Statistical tests that respond to the hypotheses are 

described. Findings from this study are also presented. 
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Chapter 4: Research Findings and Data Analysis Results 

From the early 1990s through 2021, online courses grew in number, with the COVID-19 

pandemic accelerating their growth and necessitating determining the effectiveness of online 

courses (T. Day et al., 2021; Dhawan, 2020). Both teachers and students are adjusting to changes 

in instructional styles and preferences (Scherer et al., 2021). Conducting studies comparing 

online and face-to-face STEM courses such as astronomy will add to instructional knowledge 

and help to determine whether it is possible to teach an online STEM course that is equivalent to 

the traditional face-to-face course. The problem is that while online STEM courses are growing 

in number, instructional leaders do not know if the courses produce the same outcomes as 

traditional face-to-face courses. The purpose of this quantitative quasi-experimental study was to 

determine whether a statistically significant difference exists in final grades between online 

college astronomy students and face-to-face college astronomy students. 

Following is a presentation of the data collection and analysis procedures used in the 

study. Results of the study are provided. A summary of the data collection and results of the 

statistical analysis described in Chapter 3 is presented, with a discussion of how the results 

answer the research question and hypotheses of this study. 

Data Collection 

Archival data were used in this study. Student academic achievement was measured 

using final course averages for astronomy students in online and face-to-face classes. The sample 

was taken from online and face-to-face introductory astronomy classes at a university in Texas 

for Fall 2017 through Spring 2019. Prior to data collection, an online public information request 

was made. Permission to obtain data was obtained from the public information officer of the 

university in April 2021, who provided data in the form of a Microsoft Excel spreadsheet (see 
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Appendix C) along with access to a portal to retrieve the data. The data were in letter grade 

format and not in numerical scores showing final course average for each participant. A portal 

was used to view the data and confirm that numerical scores were not available. This change in 

data was a deviation from the original data collection plan and required a change in the 

dependent variable from numerical scores that are continuous to letter grades that are categorical. 

Coding of the data was necessary. The grades were given in letter format and converted 

to numerical form using A = 4, B = 3, C = 2, D = 1, and F = 0. Names were not indicated in the 

data, and demographics such as gender and ethnicity were not included. The identities of 

participants were not provided or available through the portal, so anonymity was preserved. 

Students who withdrew from the course were not included in the data; thus, the data were 

already cleaned. 

Research Question and Hypotheses 

To determine whether a statistically significant difference exists in final grades between 

online and face-to-face college astronomy students, a quantitative quasi-experimental design was 

used. Ex post facto data were used and statistical analyses were performed. The following 

research question and hypotheses guided this quantitative study: 

Research Question: Is there a statistically significant difference in final grade between 

online and face-to-face astronomy students at a university? 

H0: There is no statistically significant difference in final grade between online and face-

to-face astronomy students at a university. 

Ha: There is a statistically significant difference in final grade between online and face-

to-face astronomy students at a university. 

Data Analysis and Results 
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To analyze the data, Excel was used initially, but the amount of data involved made the 

use of Excel difficult, so SPSS 28 was used. The findings of the data analysis are presented as 

follows. Descriptive statistics examined the frequency of participants in each learning format 

(online vs. face-to-face) by semester. To address the research question, an independent-sample t 

test was proposed. Statistical significance was evaluated at the generally accepted level of α = 

.05. 

Descriptive Statistics 

Demographics for the astronomy classes were not included in the data. The data showed 

that 65.8% of the online students for the period of the study passed the course with a grade of C 

or higher, while 65.8% of the face-to-face students passed with a grade of C or higher. This 

result gives a misleading interpretation of the comparison of astronomy achievement for online 

and face-to-face students as no apparent difference in final grade is indicated. 
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Data were extracted for the ASTR 1303 course from Fall 2017 through Spring 2019. 

Summer semesters were excluded from the analysis as the course length of 5 weeks differs from 

the full-semester course length. A total of 152 students received online instruction and 336 

students received face-to-face instruction. Table 1 presents the frequencies of the students in 

each learning format by semester. 

Table 1 

Cross-Tabulation for Learning Format by Semester 

Semester Online Face-to-face Total 

n n 

Fall 2017 36 72 108 

Spring 2018 31 69 100 

Fall 2018 41 87 128 

Spring 2019 44 108 152 

Total 152 336 488 
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Figure 2 shows a box-and-whisker plot for each group, combining the number of 

participants across all terms for the period of study, and indicates no outliers present in the data. 

The 75th percentile is equal to the maximum value, which means many participants had an A, 

indicated by a grade of 4 in this course, explaining why whiskers do not extend in some of the 

figures. The missing upper whisker in the face-to-face plot shows a larger number of high scores. 

Face-to-face learners showed higher scores than did online learners. 

Figure 2 

Boxplot for Astronomy Grades by Learning Format for Fall 2017 Through Spring 2019 
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Figure 3 presents a bar chart of the astronomy grades by learning format. The range of 

scores is greater for the face-to-face group. These figures show the data do not have equal 

variance, indicating violation of one of the necessary assumptions for use of parametric statistical 

testing such as the t test. The Levene test for equal variances was applied to provide 

confirmation, and the result necessitated applying a nonparametric statistical test. 

Figure 3 

Astronomy Grades for Online Classes for Fall 2017 Through Spring 2019 
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Figure 4 depicts the frequencies for face-to-face classes and shows the data do not have a 

normal distribution. Neither online nor face-to-face courses depicted a bell-shaped distribution. 

This graphical representation indicated the need for inferential statistics to be applied to 

determine normality, so the Shapiro–Wilk test for normality was used. 

Figure 4 

Astronomy Grades for Face-to-Face Classes for Fall 2017 Through Spring 2019 

 

 

Inferential Statistics 

To address the research question, an independent-sample t test was proposed to assess 

differences in final astronomy grades by learning format. The dependent variable of letter grades 

was operationalized as A = 4, B = 3, C = 2, D = 1, and F = 0; this is a discrete variable. A 

discrete variable is one that is given in whole number units (Privitera, 2018). The independent 

variable of learning format had two independent groups: online and face-to-face. However, the t 

test could not be applied due to violations of some of the assumptions required to perform the 
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test. 

According to Laerd Statistics (2021b), to apply a two-sample independent t test, six 

assumptions must be made: 

1. The dependent variable is a continuous measurement. 

2. The independent variable consists of two independent groups. 

3. There is independence of observations. 

4. There are no significant outliers. 

5. The dependent variable is approximately normally distributed. 

6. Homogeneity of variance is present. 

The first assumption was violated as the astronomy grade data were given in letter grade format 

that was not a continuous measurement but categorical. Due to the examination of two groups, 

online and face-to-face learning formats, the second assumption was supported. Independence of 

observations, the third assumption, was supported as each student participated in only one 

classroom and learning format. Assumption 4, absence of outliers, was supported in the 

examination of box-and-whisker plots. No outliers were present in astronomy grades. The fifth 

assumption, normality, was tested with a Shapiro–Wilk test. A Shapiro–Wilk test compares the 

test data to a theoretical bell-shaped distribution (George & Mallery, 2019). Statistical 

significance on the Shapiro–Wilk test indicated the test data significantly differed from a bell-

shaped distribution. The findings were statistically significant on the Shapiro–Wilk test = 0.88, p 

< .001, indicating the assumption of normality was not met. Both the face-to-face and online 

final grade data were nonnormal. 

Homogeneity of variance, the sixth assumption for use of a t test, was determined by 

Levene’s test. Levene’s test assesses for differences in the variation of the dependent variable 
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between the independent groups (Howell, 2019). Findings were statistically significant, with 

Levene’s test = 4.45, p = .035, indicating the assumption of homogeneity of variance was not 

met. The original plan was to use the independent-sample t test in this study. Due to the failure of 

several of the assumptions, including the initial assumption of continuous data, which were later 

found to be ordinal in nature, the t test was abandoned. The nonparametric alternative, Mann–

Whitney U test, was used instead. 

A Mann–Whitney U test is appropriate when testing for differences in an ordinal variable 

between two groups or when the assumptions of an independent-sample t test are violated 

(Pallant, 2020). To apply a Mann–Whitney U test, four assumptions must be supported, 

according to Laerd Statistics (2021a): 

1. The dependent variable is an ordinal or continuous measurement. 

2. The independent variable consists of two independent groups. 

3. There is independence of observations. 

4. The shape of the distributions between the two groups is similar. 

Assumption 1 of the Mann–Whitney U test was supported as astronomy grades were 

ordinal, due to the categorical nature of letter grades. The second assumption was supported as 

the learning format had two discrete groups: online and face-to-face learning formats. The third 

assumption, independence of observations, was verified as each student participated in only one 

classroom and learning format. Assumption 4 was verified with histograms that showed 

distributions of the astronomy grades were approximately similar between online and face-to-

face learning formats. 

The Mann–Whitney U test is a nonparametric alternative when one or more assumptions 

of the independent-sample t test fail (Laerd Statistics, 2021c). Data must be ordinal, with two 
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categories. According to Privitera (2018), both samples are put together, but the group identity of 

each score is retained. Combined scores from the two groups are ranked in numerical order, with 

points assigned when a score in one group ranks higher than a score in the other group. A sum of 

the points in each group is used to find the value of U, which is the smaller total. From this, a z 

score is calculated and used as the test statistic, which is compared with the critical value in the z 

table. 

The null hypothesis for the Mann–Whitney test states the ranks in the two groups are 

equal, which means the scores of the two groups are equally spread out and no difference exists 

in the groups (Privitera, 2018). If the test statistic is less than or equal to the critical value, the 

null hypothesis is rejected, indicating a significant difference in median ranks. The results 

determine whether the median ranks in the two groups are significantly different. Significance of 

the test occurs when the null hypothesis is rejected, which indicates ranks of the scores are 

significantly different because the scores have an uneven dispersion and a difference exists in the 

groups (Privitera, 2018). 
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The findings of the nonparametric Mann–Whitney U test were statistically significant, 

with z = -3.80, p < .001, providing evidence the face-to-face learning format (median rank = 

260.44, n = 336) had higher mean grades in comparison to the online learning format (median 

rank = 209.27, n = 152). Due to significance of the Mann–Whitney U test, the null hypothesis 

(H₀ ) was rejected. Students in the face-to-face astronomy classes tended to have higher 

achievement than students in the online classes, as measured by final average grades. Table 2 

presents the median ranks and sum of ranks for astronomy grade by learning format. 

Table 2 

Mann–Whitney U Test for Astronomy Grades by Learning Format 

Variable Online Face-to-face z p 

n Median rank n Median rank 

Astronomy grades 152 209.27 336 260.44 -3.80 <.001 

 

Table 3 presents the findings of the Mann–Whitney U test for astronomy grades by 

learning format. The table includes the U value and z score. The Mann Whitney U test was 

performed two-tailed due to a nondirectional hypothesis. 

 

Table 3 

Mann–Whitney U Test for Astronomy Grades by Learning Format 

Variable U z p 

Astronomy grades 20,181.50 -3.80 .00014 
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Reliability and Validity 

Reliability describes the consistency of research and accuracy of procedures (Babbie, 

2020). Students in the online and the face-to-face classes completed the same assignments, tests, 

and final exam, so the final grade in the course, given by letter grade, was expected to be a 

consistent and accurate way to compare the two formats. Because the data were provided as a 

letter grade and not a number grade, the operational definition of grades resulted in an alteration 

of the analysis, to the use of nonparametric statistics. Reliability for this study could be 

strengthened by repeating the same experiment for several semesters under the same conditions 

at the same research site, but repetition was impossible for this study due to time constraints and 

departmental changes in the course. As the data for this study were archival, there was no chance 

of contaminating or influencing the data; therefore, bias was removed as a threat to objectivity. 

Analysis of the data was performed without expectation of a particular result, to maintain 

objectivity. 

Validity describes whether the research is believable and successful in measuring what is 

being studied (Babbie, 2020). External validity means the results of a study can be transferred to 

other groups (Rosen, 2019). In this study, the lack of random sampling in selecting participants 

necessitated the use of a quasi-experimental design, meaning the results cannot be generalized to 

a wider population (Rosen, 2019). 

Generalization to another time is another threat to external validity and refers to the 

conclusion that the results of the study will hold true in the future (Creswell & Creswell, 2020). 

A study of students taking the course during a different time period, such as the summer, may 

produce different findings, and a study taking place in the future may also have different results 

(Creswell & Creswell, 2020). This study occurred at a single university over a 2-year period, but 
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the results cannot be generalized to a future time. 

Internal validity refers to the credibility of a study in making an inference (Creswell & 

Guetterman, 2018). Babbie (2020) noted internal validity refers to the legitimacy of the study. 

Use of the same assignments, tests, and final exam in the astronomy course improved the internal 

validity of the study. The Hawthorne effect refers to the improved performance of study 

participants who are aware that they are being observed (Ross & Bibler-Zaidi, 2019). Because 

the data ere archival, the Hawthorne effect was negated as the participants could not know a 

study would be performed at a later date. Attrition as a threat to internal validity was eliminated 

as the data were archival. One threat to validity is instructional style. Classes were not taught by 

the same instructor, so teaching abilities of the various instructors could have affected the results. 

Chapter Summary 

In this chapter, the findings of the data analysis were presented. Descriptive statistics 

were used to examine the frequency of students in each learning format (online vs. face-to-face) 

by semester. To address the research question, an independent-sample t test was considered, but 

the Mann–Whitney U test was utilized instead. The findings of the test identified statistically 

significant differences, indicating significant differences in astronomy grades by learning format. 

Face-to-face astronomy students performed better than online astronomy students. The null 

hypothesis (H₀ ) for the research question was rejected. 

In the next chapter, the findings of the data analysis are explored further, with 

connections to the literature. Limitations and recommendations for future research are provided. 

This study’s implications and resulting recommendations for STEM education researchers and 

college administrative leaders are discussed. 
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Chapter 5: Discussion and Conclusion 

The purpose of this quantitative quasi-experimental study was to determine whether a 

statistically significant difference exists in final grade between online college astronomy students 

and face-to-face astronomy students. This measurement was made by using the nonparametric 

Mann–Whitney U test. Archival data were obtained due to the COVID-19 pandemic that made 

collecting data from face-to-face astronomy classes at the research site impossible. The research 

sample consisted of online and face-to-face astronomy students at a public university in Texas 

for Fall 2017 through Spring 2019. 

The research question guiding this study involved determining whether a statistically 

significant difference exists in final grade of students taking an online astronomy class at a 

university and students taking a face-to-face astronomy class at the university. For this study, the 

independent variable was the format, online or face-to-face, and the dependent variable was final 

course grade. The findings of the Mann–Whitney U test identified a statistically significant 

difference, indicating a significant difference in astronomy grades by learning format. Face-to-

face astronomy students performed better than online students. The null hypothesis (H₀ ) for the 

research question was rejected. Motivation for this study was to determine the efficacy of online 

college astronomy so instructional leaders can make decisions regarding whether to offer 

astronomy in the online format. Results of the study may contribute to the literature comparing 

online to face-to-face formats in college and university courses. 

Chapter 5 includes a discussion of the findings of this study, how the data were 

interpreted, and conclusions drawn from the results. Limitations of the study are detailed. 

Recommendations for astronomy teachers, educational leaders, and future researchers and a 

discussion of the implications of the study for leadership are provided, followed by a chapter 
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summary. 

Findings, Interpretations, Conclusions 

The results of the data analysis detailed in Chapter 4 provided the information to address 

the research question and hypotheses for this study. Overall findings indicated a significant 

difference existed in student performance as measured by final grade, with the face-to-face 

students outperforming the online students. Additional interpretations and conclusions from the 

study data and results are provided as follows in a comparison with the existing body of literature 

and in the context of the theoretical framework. 

Findings Related to Research Question and Hypotheses 

Descriptive statistics provided in Chapter 4 indicated the number of students in each 

learning format, online and face-to-face, by semester. Tests for normality of the data sets and for 

equal variance were performed, which showed the parametric t test could not be used. The 

conditions for the use of the nonparametric Mann–Whitney U test were satisfied, and the test 

result findings indicated a significant difference (z = -3.80, p < .001), showing a difference in 

final astronomy grades between the two groups. The null hypothesis was rejected. Face-to-face 

students performed better than online students. 

In previous studies involving comparisons of online and face-to-face courses at colleges 

and universities, results have been mixed. Results of the present study contradict Margoniner’s 

(2014) similar study comparing online astronomy to face-to-face astronomy, in which the 

findings showed no significant difference in learning achievement between an online and a face-

to-face astronomy class over one semester. The present study went further by analyzing data 

over a longer time period, which provides greater generalizability. Findings of the present study 

also contradict research showing online students perform better than face-to-face students in 
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chemistry courses (Faulconer et al., 2018), management courses (Fadol et al., 2018), and 

inorganic chemistry (Bernard et al., 2017) but agree with studies indicating traditional students 

perform significantly better than online students in microeconomics (Arias et al., 2018), algebra 

(Amro et al., 2018), and finance (Brau et al., 2017). 

Interpretations 

Comparisons with findings in the literature reviewed in Chapter 2 give insights into the 

results of this study and add to the increasing number of studies comparing online to face-to-face 

classes. The present study compared online college astronomy classes to face-to-face college 

astronomy classes using archival data, finding an online astronomy course at a public university 

in Texas is inferior to the face-to-face course. These results agree with the findings of Amro et 

al. (2018), in which online algebra students did not achieve as well as traditional students, and 

with Hart et al. (2018), in which online students performed significantly worse than face-to-face 

students across all subject areas in California community colleges. In the study by Amro et al., 

the researchers concluded algebra courses are more difficult to deliver online. STEM classes are 

harder to deliver online due to the greater use of hands-on activities and demonstrations (Yang & 

Baldwin, 2020). The difficulty of teaching astronomy online may explain why the present study 

results showed performance in online astronomy to be inferior to face-to-face astronomy. 

Results of the present study contradict the findings of research (Fadol et al., 2018; 

Faulconer et al., 2018; Stevens et al., 2021) showing online to be superior or at least equivalent 

to face-to-face classes. Bernard et al. (2017) and Nennig et al. (2020) concluded the results of 

their studies showed online STEM students performed just as well as or better than those who 

attended face-to-face classes, but the present study involving astronomy students disagrees. 

The reader may wonder why the results for astronomy, showing online to be inferior to 
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face-to-face, are different from the findings for another STEM course, inorganic chemistry, in 

which online students performed better than face-to-face students (Bernard et al., 2017). Varied 

results may be due to differences in the types of courses. For example, the subject matter in a 

chemistry course may lend itself better to online education than the concepts introduced in an 

astronomy class (Xu & Jaggers, 2014). A deficiency in the online astronomy course indicates the 

need to initiate improvements that lead to equitable results with face-to-face astronomy courses. 

Viewing the results of the study through the lens of theory allows deeper understanding. 

A theoretical framework provides a means of explaining the findings. The results of this study 

are explainable through consideration of the two learning theories that provide a framework for 

online education: M. G. Moore’s (1993) transactional distance theory and Mayer et al.’s (2016) 

e-learning theory. 

Moore’s transactional distance theory concerns the interaction of teacher and student as 

well as the structure of the learning activities that determine a student’s feeling of involvement, 

also referred to as transactional distance, in a class (Delgaty, 2018). According to Delgaty 

(2018), a lack of transactional distance affects academic achievement of students by increasing a 

sense of isolation. The online astronomy class produced lower performance due to a deficiency 

of transactional distance with the instructor resulting from the lack of physical presence. Picciano 

(2019) claimed transactional distance must be decreased to improve learning outcomes. 

The e-learning theory of Mayer et al. (2016) also helps to explain the results of this study. 

According to the multimedia principle, optimal learning occurs when two of three learning 

modes are used (Mayer, 2017). After discussion with the lead instructor of the online and face-

to-face classes, the learning modes of audio, visuals, and text were found to have not been used 

optimally in the online astronomy course, leading to lower achievement. For example, students 
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in both the face-to-face class and the online class were assigned the same reading material and 

experienced the same use of print media through the same textbook reading assignments. 

However, students in the face-to-face class received live lectures in which interaction with the 

instructor was possible in real time, while the online students received the same lectures in 

videos via YouTube but did not have immediate interaction with the instructor. While the online 

students had access to the instructor, this access was optional. Increasing interaction with the 

instructor through live lectures would have improved the success of the online students. 

Hybrid courses are effective in bridging the gap when a difference exists in learning 

achievement between online and face-to-face classes in a specific subject area such as astronomy 

(Fuster-Garcia et al., 2011). In a study of ethics courses, the hybrid format was found to be more 

effective than either the face-to-face or the online format (Todd et al., 2017). Fuster-Garcia et al. 

(2011) performed a study in which an online astronomy course was combined with class lectures 

through interactive television. Student feedback indicated positive attitudes and results. 

According to the lead instructor of the astronomy courses in the present study, the interaction 

between student and instructor in the online class would be improved through live lectures 

presented via Zoom conferences, improving the performance of the online classes. 

Conclusions 

The results of this study showed the face-to-face astronomy students performed better 

than the online students at a university in Texas. In the context of the theoretical framework, the 

findings may be explainable due to deficiency in transactional distance and improper application 

of the multimedia principle from e-learning theory. Comparing the present study to other studies 

in the literature review, this study agreed with findings of studies involving STEM subjects such 

as algebra, in which online students did not perform as well as face-to-face students (Amro et al., 
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2018). The present study disagreed with the results of Margoniner (2014), who found online 

astronomy students performed as well as face-to-face students in a study that took place over one 

semester. Occurring over more semesters, the present study was more conclusive and thus 

controlled for the effect of different instructors. Multiple studies have compared online to 

traditional courses in a variety of subjects, with mixed results (Bernard et al., 2017; Brau et al., 

2017; Stevens et al., 2021). The present study showed a deficiency in online college astronomy, 

which can be addressed by enhancements or through transformation into a hybrid course. This 

study added to the research literature involving comparison of traditional and online classes, and 

particularly to research involving STEM classes, by providing a quantitative analysis of online 

versus face-to-face astronomy classes at a university in Texas. Studies of online versus face-to-

face courses in the STEM area have begun to increase in number (Nennig et al., 2020), and the 

present study, involving astronomy, further enhances the research literature in STEM. This study 

adds to the growing list of studies in astronomy education. 

Limitations 

This study was limited to using archival data from a sample of 488 astronomy students at 

a single university in Texas from Fall 2017 through Spring 2019. Only two variables, learning 

format and final letter grade, were used to determine whether an online college astronomy course 

was equivalent to a traditional face-to-face college astronomy course. Data on the characteristics 

of the students, such as age, ethnicity, and grade point average, were not available. Students self-

selected the format, so random sampling was impossible. To generalize the findings, astronomy 

classes at several other universities could have been included, but their courses and evaluation 

techniques may be different from those at the research site. Another limitation was the time 

constraint involved in completing a dissertation. 
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Students in the face-to-face and online classes completed the same assignments, tests, and 

final exam, improving internal validity. For this reason, the final grade in the course given by 

letter grade was expected to be a reliably consistent and accurate way to compare the two modes 

of course delivery. Reliability for this study could be strengthened by repeating the same 

experiment for several semesters under the same conditions at the same research site. As the data 

for this study were archival, no chance of contaminating or influencing the data existed; 

therefore, bias was removed as a threat to objectivity. Analysis of the data was performed 

without expectation of a particular result, to maintain objectivity. 

The data were archival, which eliminated the Hawthorne effect as a threat to internal 

validity. The participants could not know a study would be performed after the class had 

occurred. Attrition as a threat to internal validity was eliminated as the data were archival. One 

threat to validity is instructional style. Instructional style was not included as a variable in this 

study but should be included in future studies. The classes were not taught by the same 

instructor, so teaching abilities of the various instructors could have affected the results. 

External validity means the results of a study can be transferred to other groups (Rosen, 

2019). In this study, students self-selected into classes, so no random sampling occurred, 

necessitating use of a quasi-experimental design, which means the results cannot be generalized 

to a wider population (Rosen, 2019). The results of this study are valid for a public university in 

Texas. These results cannot be assumed to apply to another university in another location. 

Recommendations 

The following policy and practice recommendations are based on the findings of this 

study. Because the median grade for the face-to-face group was a B but the median for the online 

group was a C, a full letter grade lower, strategies for improving performance in online classes 
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should be initiated. Picciano (2019) suggested greater access to the instructor could be initiated, 

which would reduce transactional distance. Instructors should be required to monitor student 

performance on the first assignments and test and report low performers to student counseling 

services. In this way, students can be advised, encouraged, and aided to help them improve. 

Social communities within the online course should be created through which students can 

decrease transactional distance with each other and alleviate isolation (Oregon et al., 2018). A 

screening test should be administered to students enrolling in online classes to ensure they have 

the required skills before taking the online class. An online orientation could be required for all 

students prior to taking the online class to train them in developing the time management and 

self-direction skills necessary for online students (Martin et al., 2020). An orientation would 

prepare students to be more successful in the online format and has also been shown to decrease 

attrition rates (Shukla et al., 2020). An end-of-course survey of students in both online and face-

to-face classes should be employed to discover what learning objects, assignments, and strategies 

were good and bad about the course. The results could provide ways to improve the online 

classes. Focus groups consisting of students who completed the course online and others who 

completed the course face-to-face could be used to obtain more detailed information to improve 

the online course. Instructors should share strategies for aiding online students to succeed during 

scheduled staff development sessions. 

Recommendations for future research may aid in increasing knowledge of online 

astronomy as well as other STEM courses. Studies comparing online and face-to-face college 

astronomy courses at other colleges and universities may show a pattern in the results. Learning 

approach is influenced by the learning environment (Martin & Bolliger, 2018). Future studies 

should compare online and face-to-face astronomy students at different colleges and universities 
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to determine whether the findings at each school are similar despite the differences in learning 

approach. The studies may be combined in a metastudy that may be useful in determining 

whether face-to-face college astronomy courses are generally superior to online astronomy 

courses. A project of this type could also be carried out for other STEM subjects, such as 

physics, chemistry, and biology, to determine whether similar results occur in each subject area. 

If the online format is shown to be inferior to the face-to-face format at other research 

sites, one explanation might be that college astronomy is best taught in the face-to-face format. 

Also possible is that online college astronomy requires some adjustments to create a course 

producing results equivalent to the face-to-face format. Astronomy may best be taught as a 

hybrid course combining face-to-face instruction with elements of online education. According 

to Todd et al. (2017), the hybrid format in ethics courses produced greater success than those that 

were solely online or face-to-face. Studies comparing hybrid STEM courses with online and 

face-to-face courses will be helpful to determine which format provides the greatest student 

success. Further studies comparing online and face-to-face formats in other STEM courses, such 

as physics, chemistry, and biology, will show the efficacy of online courses in STEM. If studies 

show that online STEM courses are inferior to face-to-face STEM courses, then students can be 

advised to avoid taking online STEM courses and educational leaders can reduce the number of 

online STEM courses accordingly. Making adjustments that are unique to each subject area may 

be possible, improving the online course so that results are similar to those of face-to-face 

classes. 

Implications for Leadership 

Colleges and universities face the challenge of serving their stakeholders, the students 

and future employers of these students in business and industry. Offering quality education 
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strengthens the skills of graduates and provides a workforce equipped to produce a promising 

future for all. Online classes have been viewed by students to produce more flexible schedules, 

while universities and colleges see the cost benefit of offering such courses (R. Paul & Tait, 

2019). STEM courses are in greater demand and are increasingly being offered in the online 

format, with COVID-19 accelerating their numbers (Dhawan, 2020). Online STEM courses 

should achieve results comparable to face-to-face courses (Jones & Long, 2013). This study 

should give pause to STEM educators and educational leaders who have high expectations for 

the efficacy of online STEM courses, as the online astronomy students in this study performed 

significantly worse than the face-to-face students. After following some or all of the policy 

recommendations, another study at the same research site will show whether the adjustments 

have improved the success of online college astronomy courses. 

Performing future research like this study in astronomy and other STEM courses will 

enable educational leaders at the administrative and teaching levels to make decisions that will 

improve future student learning in online STEM courses. Online courses may not be suitable for 

some subject areas. Perhaps biology courses are best taught in face-to-face format to allow 

hands-on lab work, while engineering courses, which depend on mathematical investigations, are 

a good fit for online course delivery. Astronomy courses may best be taught in the hybrid format, 

with lecture and lab work presented face-to-face and assignments and testing done online. 

Hybrid courses offer the best of both formats and reduce transactional distance through physical 

presence of the instructor in the face-to-face portion of the course. Future studies comparing 

face-to-face, online, and hybrid courses for specific STEM subjects may give educational leaders 

more insight into which format is best for specific subject areas and allow counselors to advise 

students more accurately with the goal of improving educational outcomes. Administrative-level 
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decisions regarding which format to offer for specific courses cannot be made until such research 

is done. 

Conclusion 

Chapter 5 presented a nexus for this study, tying together the previous chapters. The 

problem, purpose, and methods addressing the research question and hypotheses for this study 

were summarized. This study showed a significant difference in the final grade of online and 

face-to-face college astronomy students, which conflicts with many of the studies comparing 

online and face-to-face courses in other subjects. 

Limitations of the study’s methodology were described. Generalizability of the results of 

this study to other colleges and universities is limited as the study was performed at one 

university in Texas. Despite the limited generalizability, this study contributed to the literature 

on comparisons of online and face-to-face courses in college astronomy. Studies comparing 

online and face-to-face college astronomy courses were not well represented in the literature, and 

this study contributed by addressing the question of equity between online and face-to-face 

astronomy achievement as measured by final grade. 

Further research with a replication of this study at other colleges and universities was 

recommended to determine if the results are similar. A better understanding of the efficacy of 

online classes in astronomy and other STEM subjects may aid instructional leaders in designing 

more effective learning vehicles for future students. All colleges and universities should perform 

studies to compare existing online courses with the corresponding face-to-face classes to create 

equity in learning throughout all program areas. Future research should also consider hybrid 

courses in comparison to online and face-to-face courses to determine where the hybrid format is 

most effective. 
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The number of online courses has continued to grow since their inception, and COVID-

19 accelerated this growth (Dhawan, 2020). Colleges and universities have attempted to meet the 

needs of students who demand more flexible schedules by offering more online classes but are 

required to show accountability to accrediting agencies and state and federal governments (R. 

Paul & Tait, 2019). Instructors question whether students learn as well online as they do face-to-

face (Stevens et al., 2021). Providing learning experiences that improve student learning is the 

goal of education, regardless of class format. Studies that compare online STEM classes with 

traditional face-to-face STEM classes are rare (Nennig et al., 2020). STEM courses are in high 

demand, and the quality of the online classes must be determined to ensure they are equal in 

effectiveness to face-to-face classes (Stevens et al., 2021). Comparing the online and face-to-face 

formats of a STEM course such as college astronomy helps to accomplish measurement of 

quality and adds to the research literature, spurring further research to determine the efficacy of 

other online STEM courses. 
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Appendix A 

Letter Requesting Permission 

April 21, 2021 

 

Rebecca Pressley 

Public Information Coordinator 

 

Dear Ms. Pressley: 

 

My name is Lee H. LaRue and I am a doctoral candidate at American College of 

Education (ACE) writing to request permission to access data. This information will be 

used for my dissertation research related to a comparison of online and face-to-face 

astronomy. The purpose of the quantitative quasi-experimental study will be to compare 

student achievement in online astronomy and face-to-face astronomy. 

My study will compare the academic achievement measured by final course 

grades for online astronomy students with the achievement of face-to-face astronomy 

students. I am also attempting to find the achievement of each gender (male/female) in 

online and face-to-face settings. I need the archived data for the academic years 2017- 

2018 (Fall and Spring), 2018-2019 (Fall and Spring), and Fall 2019 for all astronomy 

courses “Stars and Galaxies” and “Solar System”.  This data should include the final 

average in the course for all students and, if possible, the gender of each student. No 

information that would harm students will be revealed; anonymity and confidentiality will 

be observed. All records received will be safeguarded with computer data saved on a 

flash drive which is secured under lock and key, and any hard copies will likewise be 

secured. I appreciate any help that can be given in this matter. Thanks!   
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Important Contacts for this study include: 

Principal 

Investigator:  

Lee H. LaRue  

E-mail: 

lhlarue@yahoo.com 

Phone: 903-782-0334 

Cell:  903-715-8259 

Dissertation Chair: 

Dr. Esther Silvers 

E-mail:                    

Esther.Silvers@ace.edu 

 

Thank you for your attention to this issue and prompt response.  I appreciate 

your time and consideration of my request.  

 

Regards, 

 

Lee H. LaRue 
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Appendix B 

Letter Granting Permission 

Subject: Public Information Records :: F000930-042121 
Body: 

Good afternoon: 

  

We received your request for “archived data for the academic years 2017- 2018 (Fall and Spring), 2018-
2019(Fall and Spring), and Fall 2019 for all astronomy courses” Stars andGalaxies and Solar System on 
April 21, 2021. At that time we reached out to our Institutional Research  Department. We are working to 
determine if we have the data requested by gender, and will provide you with a definitive answer prior to 
May 5, 2021. 

  

In the interest of time, and your research, please find our responsive information to the archived data for 
the academic years 2017-2019 for student final average by online and face-to-face instructional method. 
This data is also available to you via our online data viewer and I am providing the link here should you 
want to explore what other information is available. 

  

With Kindest regards, 

Rebecca Pressley 

Public Information Coordinator 

 

  

https://apps.tamuc.edu/iep/viewer/MainWeb.html?_ga=2.188162283.2102476341.1619728829-766079132.1607461516
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Appendix C 

Student Grades in ASTR 1303 for Fall 2017 Through Spring 2019 

 

 

 


