
 

 x 

TABLE OF CONTENTS 

Page 

Abstract .................................................................................................................. iv 

Dedication ............................................................................................................ viii 

Acknowledgement ................................................................................................. ix 

List of Tables ....................................................................................................... xiv 

List of Figures ....................................................................................................... xv 

CHAPTER I ............................................................................................................ 1 

Introduction ......................................................................................................... 1 

Statement of the Problem .............................................................................. 11 

Purpose of the Study ..................................................................................... 14 

Research Questions ....................................................................................... 15 

Limitations of the Study................................................................................ 17 

Delimitations of the Study ............................................................................ 19 

Definition of Terms....................................................................................... 21 

CHAPTER II ......................................................................................................... 24 

Literature Review.............................................................................................. 24 

Chickering and Gamson’s Seven Principles for Good Practice .................... 24 

SPGP principle 1 ....................................................................................... 25 

SPGP principle 2 ....................................................................................... 26 





 

 xvi 

Figure 12. Scatterplot of standardized residual values and standardized predicted values 

with a linear fit line for career and technical education, English, fine arts, and health and 

PE. ................................................................................................................................... 114 

Figure 13. Scatterplot of standardized residual values and standardized predicted values 

with a linear fit line for math, science, social studies, and world languages. ................. 115 

Figure 14. Scatterplot of standardized residuals by standardized predicted value for 

career and technical education YL, English SL, fine arts YL, social studies SL. .......... 118 

Figure 15. Scatterplot of semester final grades and standardized predicted values for 

career and technical, fine arts, health and PE curricular subject areas with a linear fit line.

......................................................................................................................................... 127 

Figure 16. Scatterplot of semester final grades and standardized predicted values for 

math, science, social studies and world languages curricular subject areas with a linear fit 

line................................................................................................................................... 128 

Figure 17. Scatterplot of posttest scores and standardized predicted values for year-long 

courses split by curricular subject area with a linear fit line........................................... 129 

Figure 18. Scatterplot of posttest scores and standardized predicted values for semester-

long courses split by curricular subject area with a linear fit line. ................................. 129 

 

 

 

 

 



 

1 

 

CHAPTER I 

Introduction 

The pedagogy of teaching and learning has been changing since computers were first 

integrated into the classroom (Foley & Reveles, 2014; Strickland, 1989; Tarimo, 2016).  As 

technology evolves, the evaluation of the instructional tool’s effectiveness will continue to be an 

area in need of research (Delgado, Wardlow, McKnight, & O’Malley, 2015; Noeth & Volkov, 

2004).  In order to understand the effectiveness of an instructional tool, there must first be an 

understanding of what characteristics of learning are most effective.  Student learning was found 

to be most effective when these fundamental characteristics were present: active 

engagement/learning, frequent interaction, and feedback (Van Amburgh, Devlin, Kirwin, & 

Qualters, 2007; Harden & Laidlaw, 2013; Phillips, 2005; Roschelle, Pea, Hoadley, Gordin, & 

Means, 2000; Sherman & Kurshan, 2005).  The presence of the fundamental characteristics for 

effective learning is provided by the instructor through the instructional content.  For effective 

learning to occur, the instructional content provided by instructors would need to use the most 

effective instructional practices that support active learning, frequent interaction, and feedback.  

The concept of effective teaching practices that lead to improved student learning was explored 

by Chickering and Gamson (1987). 

Chickering and Gamson (1987) developed the Seven Principles for Good Practice 

(SPGP) in Undergraduate Education to improve teaching and learning.  The SPGP are focused 

on effective instruction and consist of:  encouraging contact between students and faculty, 

developing reciprocity and cooperation among students, using active learning techniques, giving 

prompt feedback, emphasizing time on task, communicating high expectations, and respecting 

diverse talents and ways of learning.  These principles were developed for a traditional face-to-
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face environment and based on 50 years of research on how instructors teach and students learn 

(Chickering & Gamson, 1987).  While the SPGP were originally developed for traditional face-

to-face instruction, they have been applied to the study of newly developed instructional 

technologies (Chickering & Ehrmann, 1996; Dreon, 2013; Graham, Cagiltay, Lim, Craner, & 

Duffy, 2001; Guidera, 2004; Lai & Savage, 2013; Vogt, 2016).  In order for the technological 

tools to be most effective they should utilize the SPGP to match instructional practice with the 

best technological tool (Chickering & Ehrmann, 1996).  Research supports the idea that, if good 

instructional practice is linked with the most effective technological tool, it can better support 

student learning (Chickering & Ehrmann, 1996; Roschelle et al., 2000).  

The SPGP and the fundamental characteristics of student learning share emphasis on 

active learning, frequent interaction, and feedback.  There is supporting evidence that the SPGP 

enhance active learning and interaction which promotes engagement (Crews, Wilkinson, & Neill, 

2015; Pascarella, 2006; Popkess, 2010; Thurmond & Wambach, 2004).  However, it is 

challenging to track engagement and interaction in a traditional classroom (Kuh, 2003b).  

Through the use of technological tools, there are new opportunities for tracking interaction and 

engagement (Cox, 2013; Hill, 2015).  These new opportunities for tracking interaction and 

engagement can be used by researchers to study the effect of the instructor’s use of different 

technological tools.  However, the effectiveness of technological innovation should be measured 

and defined by the improvement of student learning and achievement.  In the study by Ferdig 

(2006), it was found that good technological innovation involved pedagogy, people, and 

performance.   

Therefore, a framework for evaluating effective technology should include sound 

pedagogical technologies, with instructors who implement sound pedagogical principles to 
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increase performance in student learning and achievement.  If a technological tool is 

pedagogically well supported by instructors and designed technically with pedagogy in mind, the 

performance of the tool can be measured through student learning and achievement (Ferdig, 

2006).  Chickering and Gamson’s SPGP support the active learning, frequent interaction, and 

feedback characteristics for effective student learning and have been applied pedagogically to 

technological tools (Chickering & Ehrmann, 1996; Dreon, 2013; Ferdig, 2006; Graham et al., 

2001; Guidera, 2004; Lai & Savage, 2013; Vogt, 2016).  Based on this support, the SPGP will 

serve as the theoretical framework for this study.  

 If a pedagogically supported technological tool has been shown to improve student 

learning and achievement, then the question that remains is how often or frequently should the 

tool be used by the instructor (Basol & Johanson, 2009; Gholami & Moghaddam, 2013; Gibbs, 

2003; Kuh, 2003a; Peterson & Siadat, 2009).  The quantity or frequency of instructional tool use 

is supported by the study by Kuh (2003b) that concluded “the more students practice and get 

feedback on their writing, analyzing, and problem solving, the more adept they become” (p. 25).  

The study by Kuh (2003b) was specifically interested in the frequency of the interactions, and 

the instrument used did not evaluate the quality of the interactions.  The instrument used to 

evaluate the frequency of interaction in a traditional post-secondary school was the National 

Survey of Student Engagement (NSSE) (Kuh, 2003a).  The NSSE includes questions based on 

the SPGP to evaluate student and staff responses on the use of activities that drive student 

learning outcomes through active learning, frequent interactions, and feedback (Chen, Lambert, 

& Guidry, 2010; Kuh, 2003a; Smulsky, 2012).  The questions present in the NSSE were 

designed for the traditional classroom in the year 2000 and were revised in 2013 to include new 

measures and a student demographic indicator for online education status (National Survey for 
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Student Engagement, 2013).  Even with the new online demographic indicator, it would be 

difficult to conclude that the NSSE would be a valid and reliable instrument to evaluate online 

secondary courses due to its being a self-report measure (Bowman, 2010; Campbell & Cabrera, 

2011; Pascarella, Seifert, & Blaich, 2008).  Due to the limitations of self-reported measures, the 

objective measure of frequency will be used to measure interaction and engagement through tool 

use for this study.  Objective measures of student learning and achievement will be analyzed to 

determine if tool use frequency has any significant effect on student learning and achievement 

scores. 

The interaction measured by the frequency of assessments in a traditional classroom was 

found to significantly affect student learning as measured by final grades (Martinez & Martinez, 

1992).  The final grade achievement in a course was shown to be improved by a higher 

frequency of assessments (Martinez & Martinez, 1992; Khalaf and Hanna, 1992).  The studies by 

Martinez and Martinez (1992) and Khalaf and Hanna (1992) on the frequency of assessments 

have shown a benefit for student achievement, but there remains a need to understand the extent 

of the benefit and whether other instructional tools contribute to the improvement of student 

achievement.  Proponents for frequent testing list the extent of benefits as: longer retention of 

material, preparation for high-stakes testing, extrinsic motivation, student preparation on tests, 

smaller amounts of materials for deeper processing, more classroom discussion, reduced test 

anxiety, useful feedback for the school on student performance, and increased classroom 

attendance (Gholami & Moghaddam, 2013).  While the benefits may differ across studies, a 

meta-analysis by Gocmen (2003) determined that frequent testing was beneficial to student 

learning and academic achievement in a traditional face-to-face classroom.  Therefore, the 

frequency of tool use could be used to determine the effect on student learning and achievement.   
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In the meta-analysis for frequency of assessment tool use, Gocmen (2003) also reviewed 

curricular subject area and, while the effect sizes were found not to be significant, social sciences 

accounted for the majority of studies and had the largest mean effect size.  Basol and Johanson 

(2009) in their meta-analysis found the math subject area had the largest mean effect size.  Not 

all subject areas were accounted for in these meta-analyses, and the research studies used in the 

meta-analyses did not compare frequency of assessments across subject areas, instead primarily 

focusing on a single course (Basol & Johanson, 2009; Gocmen, 2003).  This study is designed to 

determine whether curricular subject area has an effect on student learning and achievement 

when comparing frequency of tool use across subject areas for similarly designed courses at a 

single institution.  It should be noted that the studies analyzed in the meta-analyses were 

primarily from traditional college-level institutions and were focused on the instructor's use of 

assessment tool (Basol & Johanson, 2009; Gocmen, 2003).  This study is designed to extend 

frequency of tool use research beyond assessments to other instructional tools and to examine 

frequency of tool use within the online secondary school environment. 

While research in the early twentieth century focused on computers in the classroom, a 

new form of education using the internet was being developed.  Online learning built upon the 

concept of correspondence courses and developed a system to deliver the content through the 

internet.  Online learning expanded from thinking of technology as a tool, to thinking of 

technology as a necessary requirement for instruction.  Consensus on the viability of online 

learning has allowed researchers to move beyond comparing online and traditional classrooms to 

examining how instructional interventions compare within the same environment (Borokvskia, 

Tamim, Bernard, Abrami, & Sokolovskaya, 2012).  In order to deliver instruction over the 

internet, many technologies are required, but continued research is needed to determine which 
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tools are pedagogically supported and have the greatest effect on student learning and 

achievement (Noeth & Volkov, 2004; Pascarella, 2006; Peltier, Schibrowsky, & Drago, 2007).   

The most common technologies used to deliver instruction over the internet include: 

learning management system (LMS), learning content management system (LCMS), and course 

management system (CMS).  An LMS will include the basic tools that allow for communication, 

collaboration, content delivery, and assessment.  An LMS is different from a LCMS.  An LCMS 

is used primarily for the development, maintenance, and storage of instructional content.  An 

LCMS can deliver content, but it is usually missing the course administrative functions of an 

LMS.  These differences typically allow an instructional designer to build interactive web-based 

content in an LCMS which would then be delivered to students within an LMS course (Ninoriya, 

Chawan, & Meshram, 2011).   

A CMS focuses on managing student enrollment and performance, and on creating and 

distributing course content.  This term is often used interchangeably with an LMS, but they are 

not exactly the same.  A CMS has built-in content authoring tools and can deliver content, but an 

LMS is often more robust in the content types it can deliver and contains additional reporting to 

assist instructors in improving student performance.  When implementing a learning strategy, an 

LMS is the best option.  When developing learning content, an LCMS would be the more 

appropriate choice (Giurgiu, Bârsan, & Mosteanu, 2014; Ninoriya et al., 2011).  The acronym 

CMS also causes some confusion among researchers since it is also used to describe a content 

management system.  A content management system has components similar to those of an 

LCMS but focuses on the storage of the individual files used to create the learning content 

(Guirgiu et al., 2014).  Systems such as Moodle and Blackboard that were originally known as a 

CMS have begun using LMS to describe their product (Forouzesh & Darvish, 2012; Muhsen, 
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Maaita, Odah, & Nsour, 2013).  Learning systems continue to evolve and future systems will 

likely create new terms to describe them as they evolve.  While the CMS and LCMS have their 

place in online education, the LMS is the most commonly used and is a critical component for 

developing an online learning environment (Park, 2014).  The online secondary school 

population selected for this study received its instruction through an LMS.    

The LMS used in this study provides tools for updates, assignments, tests, and discussion 

boards.  These LMS tools support pedagogical tasks that would be completed in a traditional 

classroom.  An update serves the same purpose as an instructor making an announcement at the 

beginning or end of class.  An assignment is similar to the instructor’s assigning work outside the 

classroom that requires writing and research, to be submitted by the student at a later date.  A test 

allows the instructor to assess the knowledge of the students through a series of true/false, 

multiple choice, ordering, matching, fill-in-the-blank, short answer, and/or essay questions.  A 

discussion board simulates a group discussion within the classroom on a topic provided by the 

instructor.  The LMS provides an environment and location for learner-learner, learner-

instructor, and learner-content interactions to occur (Goosen & van Heerden, 2015).  The LMS 

could then be used to track the number interaction points by the frequency of tools used by 

instructors in the course.  In terms of evaluating the frequency of interaction, research has shown 

that the LMS may play a role in activating interactive behaviors (Bernard et al., 2009; Cechinel, 

2014; Coates, James, & Baldwin, 2005; Goosen & van Heerden, 2015; Hashim, Hashim, & Esa, 

2011).   

In a traditional classroom, interactions between students and instructors is difficult to 

quantify, but the LMS provides the ability to track the frequency of interaction through the 

instructor's use of updates, assignments, tests, and discussion boards.  Previous research on the 
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frequency of interactions in a traditional classroom focused on assessments such as tests (Basol 

& Johanson, 2009; Gocmen, 2003; Khalaf & Hanna, 1992; Martinez & Martinez, 1992).  The 

study of online courses by Picciano (2002) found that higher interaction in discussion boards led 

to higher performance on the final exam and written assignment.  More frequent assessments in 

the form of tests have been shown to improve student achievement in traditional classrooms, but 

frequency of tool use research did not consider the influence of other interactive events (Basol & 

Johanson, 2009; Gocmen, 2003; Khalaf & Hanna, 1992; Martinez & Martinez, 1992).  The 

frequency of instructional tool use can be extended to LMS tools in an online environment 

(Stamm, 2013; Vogt, 2016).  However, instructional technology research should focus on 

understanding why and how the LMS tools impacted student learning (Ferdig, 2006). 

An LMS provides a unique opportunity for evaluating student learning due to the storage 

of student data relating to the interaction event, time spent on interaction, date of access, grade 

received, and other useful data.  The LMS logs provide data that can be analyzed through 

Educational Data Mining (EDM).  The study by Romero and Ventura (2007) explained that 

current data mining methods used clustering and pattern recognition to associate students into 

various groups.  Through clustering and pattern recognition group associations, an instructor can 

make small but immediate changes for individuals.  To evaluate instructional changes that affect 

the entire classroom, predictive analyses can be used to determine the impact of the changes on 

student learning and achievement.  With access to data through the LMS and the ability to 

analyze the data, K-12 schools and districts are starting to use experimental predictive analyses 

to detect areas of instructional improvement (U.S. Department of Education, Office of 

Educational Technology, 2012).   
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Instructional improvement is evaluated in terms of student learning outcomes, but an 

LMS can deliver instruction through various tools and methods, which is why the U.S 

Department of Education’s Office of Educational Technology (2012) encouraged research that 

focused on two areas.  The first area of focus is on methods of using student information data 

and aligning data across systems.  The second area of focus is on repurposing predictive models 

developed for one educational institution and applying them to another educational institution.  

Repurposing predictive models is difficult due to varying students, administrative policies, 

course programs, types of institutions, and learning management systems (Lauría & Baron, 2011; 

U.S. Department of Education, Office of Educational Technology, 2012).  This study will reduce 

the difficulties for repurposing predictive models by using LMS tools that are available in all 

currently available learning management systems.  Based on the research focus areas outlined by 

the U.S Department of Education’s Office of Educational Technology, this study will use 

predictive analysis and data mining techniques to evaluate the impact of LMS tools on student 

learning and achievement. 

Based on literature review of recent research studies and reports, the following research 

gaps were identified: objective measures of student learning (Eom, 2012; Islam, 2016), lack of 

rigorous studies of the effectiveness of online learning in K-12 environments (U.S. Department 

of Education, 2010), improving student learning through student engagement (Carle, Jaffee, & 

Miller, 2009), analyzing data to improve instructional content (U.S. Department of Education, 

Office of Educational Technology, 2012), and research-based educational predictive models 

(Siemens & Baker, 2012).  To address each of the identified research gaps, this study was 

designed for an understudied population using objective measures that are data mined from 

educational systems and analyzed using predictive regression models to improve instructional 
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content.  The population for the sample specifically focused on fully online asynchronous 

secondary courses to provide research data for an under-studied population and to determine if 

higher education principles can be applied to online secondary instruction.  The objective 

measures of the frequency of interaction through LMS tool use provides quantitative empirical 

data that are not self-reported through surveys or interviews.  The data will be analyzed to 

determine which tools are the most predictive of student learning and achievement.  The results 

of the data analysis could then be used to improve student learning and achievement through 

changes in instructional content.   

The framework for this study uses Chickering and Gamson’s SPGP and will apply the 

principles to online secondary courses.  The SPGP have been used as a framework for studying 

online teaching and learning by other researchers (Dreon, 2013; Graham et al., 2001; Guidera, 

2004; Lai & Savage, 2013).  In an online environment, the instructor uses the tools within the 

LMS to interact, engage, and provide feedback to students.  The instructional tools provided 

within the LMS have been specifically studied by researchers using the SPGP as a theoretical 

framework (Dreon, 2013; Lai & Savage, 2013; Phillips, 2005; Vogt, 2016; Woods, 2004).  SPGP 

Principles 1, 2, 3, and 4 support the effective student learning characteristics of active 

learning/engagement, frequent interaction, and feedback.  Each tool provided by the LMS was 

included in the study based on its support of SPGP Principles 1, 2, 3, and 4.  SPGP Principles 1, 

2, 3, and 4 all require interaction between students and instructors.  The frequency of interaction 

can then be measured by the number of times the LMS tools are used by instructors in an online 

course.   

The LMS tools of updates, assignments, tests, and discussion boards support the 

pedagogical SPGP Principles 1, 2, 3, and 4.  The frequency of each interactive LMS tool used in 
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the online secondary courses will be analyzed to measure the effect on student learning and 

achievement.  The frequency of updates will be measured by the number of updates posted by 

the instructor in an 18 week-long semester.  The frequency of assignments, tests, and discussion 

boards will be measured by the number of each created by the instructor and published for 

students to complete.  Student achievement will be measured through the semester final grade 

score.  Student learning will be measured using a pretest at the beginning of the course and a 

posttest at the end of the course.  This study will determine if LMS tool use frequency can 

significantly predict student learning and student achievement scores.  Previous LMS tool 

predictive research did not include curricular subject area as a possible predictor, and the meta-

analyses that have been conducted have not addressed online courses (Basol & Johanson, 2009; 

Gocmen, 2003; Lai & Savage, 2013; Stamm, 2013; Vogt, 2016).  This study will research 

whether the frequency of LMS tool use significantly varies by curricular subject area and 

whether curricular subject area significantly adds to the predictive equation.  The study will also 

determine if LMS tool use frequency varies by course length for predicting posttest scores.  The 

results will determine whether the frequency of LMS tool use by an instructor in an online 

secondary course significantly affects student final grade and posttest scores.  The results will 

also provide a new EDM model for future experimental research to determine if frequency of 

LMS tool use by instructors also has a causal effect. 

Statement of the Problem 

The number of students taking online courses has been increasing steadily each year.  

Queen and Lewis (2011) of the U.S. Department of Education found that there were an estimated 

1,816,400 enrollments in online K-12 courses.  The 1,816,400 enrollments were collected from 

traditional schools that provided online course options to their students.  The enrollments did not 
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include the International Association for K-12 Online Learning’s (iNACOL) estimate of 200,000 

full-time virtual school students during that same time period, which has since grown to 310,000 

full-time virtual school students in 2012-2013 (Watson, Pape, Murin, Gemin, & Vashaw, 

2014).  Full-time virtual school students receive all of their courses online, which would add to 

the total number of online K-12 course enrollments.  The millions of students taking online 

classes prompted the comparison of online learning to traditional face-to-face classroom.  In its 

meta-analysis, the U.S. Department of Education (2010) did not find a significant difference in 

student learning outcomes between online learning and traditional face-to-face instruction.  

While the comparison was well researched, the U.S. Department of Education (2010) also stated 

that “few rigorous research studies of the effectiveness of online learning for K-12 students have 

been published” (p. xiv).  Many of the studies that compare online courses to traditional face-to-

face courses assess a wide variety of outcomes and have yielded little, if any, evidence to suggest 

that online learning is more or less effective than face-to-face learning (Lim, Kim, Chen, & 

Ryder, 2008; Parker, 2015; Schmidt, 2012).   

While there was not a significant difference in learning outcomes, a fundamental flaw in 

conducting comparison research is that, even if exactly the same media are used, they are used 

for different purposes, which creates inequality between treatments (Bernard et al., 2004).  In 

essence, comparing different delivery methods is difficult due to the differences in design and 

purpose.  Comparison studies have shown that the research need has moved from comparing 

online and traditional instruction, to understanding the course design and implementation by 

instructors in online courses and its effect on learning outcomes (Borokhovski et al., 2012; 

Caldwell, 2006; Parker, 2015; Swan, Matthews, Bogle, Boles, & Day, 2012; U.S Department of 

Education, 2010).  
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The annual K-12 digital learning review by iNACOL identified that online learning 

environments commonly use a learning management system (LMS) as a delivery tool (Watson et 

al., 2014).  But, despite the popularity and critical role of the LMS, relatively little research has 

examined the relative influence on objective measures of student learning (DeNeui & Dodge, 

2006; Eom, 2012).  The use of an LMS would then have pedagogical influence on the design of 

instruction, but the effects or influence is not well-defined or known (Bongey, 2012; Coates et 

al., 2005).  Coates, James, and Baldwin (2005) would agree that learning management systems 

are not pedagogically neutral technologies and that, through their very design, they influence and 

guide teaching.  The lack of research can be corrected easily because student learning behaviors 

are recorded and stored within an LMS and can be measured objectively (Hung, Hsu, & Rice, 

2012).  But instead of studying student learning behaviors, adoption and utilization of the LMS 

has been a major focus for research (Islam, 2016; Park, 2009; Venter, van Rensburg, & Davis, 

2012). 

When evaluating student learning, it was found that self-reported data through course 

evaluations were not consistent with learning behaviors and the lack of direct observation 

compounded the inconsistency (Bowman, 2010; Hung et al., 2012).  The study by Hung, Hsu 

and Rice (2012) used course evaluations and activity data mined from the LMS to determine if 

engagement had an impact on K-12 student final grade performance, and it was found that more 

highly engaged students had higher performance.  Comparing self-reported and objective 

measures shows that student perception data, when used solely to inform strategic decisions, can 

result in a misrepresentation of the data and flaws in decision-making (Bowman, 2010; Ferdig, 

2006; Hung et al., 2012; Islam, 2016).  Using self-reported data due to the cost and time 

limitations needed for more objective measures is no longer the only option available to 
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researchers.  Data mining of LMS data can provide a look at both the student and instructor 

behaviors in an online environment.  This study will be specifically analyzing the LMS data to 

determine the frequency of tool use behaviors of instructors.  As previously stated, student 

learning was found to be most effective when the fundamental characteristics of active 

engagement/learning, frequent interaction, and feedback were present.  The LMS tools provide 

instructors with interaction and feedback with their students in an online environment.  The 

frequency of interaction and feedback exists as objective data within the LMS, and therefore 

frequency data are available for use in research studies. 

Purpose of the Study 

 The purpose of this quantitative study is to evaluate student learning and achievement in 

online secondary courses using the frequency of LMS tool use by instructors as an objective 

measure.  Various studies of learning management systems have used adoption and utilization 

measures to evaluate the impact of the LMS on instruction; the instruments used are largely self-

reported measures and focused on the perceptions of students and staff (Islam, 2016; Lee, 2009; 

Liaw, 2008; Limayem & Cheung, 2011).  This study will not use self-reported data and will use 

objective frequency of use data retrieved from the LMS.  Islam (2016) was not able to get 

objective data on actual usage and grades due to privacy, but suggested that future research could 

evaluate using objective measures.  A study of objectively measured online instructional events 

supported by pedagogically aligned LMS tools would fill the gap in knowledge between student 

self-reported presence of the events and student learning and achievement outcomes (Ferdig, 

2006; Islam, 2016; Nelson, 2000).  

In order to pedagogically support the objective measures available in an LMS, a 

relationship between instructional frameworks and LMS tools is required.  Researchers have 
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considered the SPGP to be instrumental in developing theoretical frameworks to study 

instructional immediacy, student engagement, student attrition, online learning, and instructional 

technology (Chickering & Gamson, 1999, Dreon, 2013; Graham et al., 2001; Guidera, 2004; 

Hathaway, 2013; Hutchins, 2003; Tirrell, 2009).  The Seven Principles for Good Practices are 

used as a guide to improve teaching and learning (Chickering & Gamson, 1987).  George Kuh 

even wrote a personal communication to the authors of the SPGP that there are many teachers 

implementing the principles and “So [even if] folks may not be wearing a laminated SEVEN 

PRINCIPLES card around their necks, the principles have and will continue to have a substantial 

impact.”(Chickering & Gamson, 1999, p. 80).  While the SPGP are useful in research and by 

practical application by instructors, they also contain the characteristics for effective student 

learning.  The SPGP provide principles of effective instruction and student learning that can be 

applied to technology (Chickering and Ehrmann, 1996).  The SPGP were found to be present in 

online instructional tools provided within an LMS (Dreon, 2013; Lai & Savage, 2013; Phillips, 

2005; Woods, 2004).  The LMS tools of updates, assignments, tests, and discussion boards are 

pedagogically supported by the SPGP, and a characteristic of effective student learning is 

frequent interaction.  If students interact with their instructors through the LMS tools, then the 

frequency of LMS tools used by the instructor can be analyzed to determine its effect on student 

learning and achievement. 

Research Questions 

This study used Chickering and Gamson’s SPGP to determine the pedagogical support 

for the interactive tools provided by the LMS in online secondary schools.  The LMS tools of 

updates, assignments, tests, and discussion boards support SPGP Principles 1, 2, 3, and 4.  These 

principles support the effective student learning characteristics of active learning/engagement, 
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frequent interaction, and feedback.  The frequency of interaction will be measured by the count 

of each LMS tool used by instructors in a semester-long course.  This study will also research 

whether the frequency of LMS tools used varies significantly by curricular subject area and 

whether curricular subject area significantly adds to the predictive equation.  The following 

research questions will be explored: 

1. To what extent does the frequency of LMS update, assignment, test, and discussion board 

tools used by instructors predict semester final grade achievement by students in online 

secondary courses after controlling for prior learning? 

2. To what extent does the frequency of LMS update, assignment, test, and discussion board 

tools used by instructors predict posttest learning by students in online secondary courses 

after controlling for prior learning and does the effect vary by course length?  

3. To what extent does curricular subject area in addition to the frequency of LMS tool use 

affect the prediction of student achievement and student learning in online secondary 

courses? 

Advances in online learning have created more trackable data, which can be used to make 

predictions more accurate (Corrigan, Glynn, McKenna, Smeaton, & Smyth, 2015).  The 

frequency of updates, assignments, tests, and discussion boards is not currently tracked as a 

quantitative value in an LMS but could be added easily by the LMS developers.  This study will 

show if the frequency of LMS tool use is worth displaying to instructors.  Generally, good 

teaching and learning depends on the method of delivering information, which makes it 

necessary to determine the influence of the LMS on the pedagogical goals of teaching and 

learning (Lai & Savage, 2013).  This study's use of Chickering and Gamson's SPGP to evaluate 
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the LMS tools will provide the pedagogical framework for its influence on teaching and learning 

in an online environment. 

Specifically, this study will determine if the frequency of LMS tools of updates, 

assignments, tests, and discussion boards have predictive validity in regard to student 

achievement as final grades and student learning as posttest scores.  The study has two dependent 

measures due to the inherent subjectivity present in final grades, which is why the additional 

objective posttest measure was included for research comparison.  Having dependent measures 

of achievement and learning will allow the researcher to show how the independent frequency of 

LMS tool use measures varies between achievement and learning.  Frequency of LMS tool use is 

an objective measure and, as emphasized by previous research on LMS tools, objective measures 

are needed to analyze the effect on student learning and achievement (DeNeui & Dodge, 2006; 

Eom, 2012; Hung et al., 2012; Islam, 2016).  If predictive analysis is possible, courses can be 

evaluated objectively and future experimental research can evaluate the change in the frequency 

of LMS tool use to determine their causal relationship with student achievement and student 

learning. 

Limitations of the Study 

This study is limited, due to the quantitative design for evaluating the frequency of LMS 

tool use, which measures the quantity, not quality, of use.  All occurrences of the LMS updates, 

assignments, tests, and discussion board tools used within the course were included in the 

frequency measure and the quality of the content provided in the LMS tool was not evaluated.  

When collecting the frequency of updates, the quality of information provided by the instructor 

was not evaluated.  An evaluation instrument to assess the quality of the information provided by 

the LMS update tool would be needed to determine if an update should be included in the 
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frequency measure.  Therefore, all updates posted by the instructor were included in this study.  

When collecting the frequency of assignments, the instructional quality provided by the 

instruction through the LMS assignment tool was not evaluated.  An evaluation instrument to 

determine the quality of instructional content provided through the LMS assignment tool would 

be needed to determine if the assignment should be included in the frequency measure.  

Therefore, all assignments available to students within the course were included in this study.  

When collecting the frequency of tests, the quality of the test design was not evaluated.  An 

evaluation instrument to determine the instructional quality of the test design would be needed to 

determine if the test should be included in the frequency measure.  Therefore, all tests available 

to students within the course were included in this study.  When collecting the frequency of 

discussion boards, the quality of the instructional content provided by the instructor was not 

evaluated.  The number of posts by the instructors and students was not collected, only the 

number of discussion boards created within the course by instructors.  An evaluation instrument 

to determine the quality of the instructional content provided by the discussion board would be 

needed to determine if the discussion board should be included in the frequency measure.  

Therefore, all discussion boards available to students within the course were included in this 

study.  The frequency data are limited due to a change in LMS for the beginning of school year 

2014-2015.  The previous LMS contract was discontinued and there is no access to existing LMS 

data prior to June 2014. 

The semester final grade as an achievement measure has limitations due to instructor 

subjectivity.  The semester final grade score can vary, depending on the weight assigned by 

instructors for various assessments or the weight given to the final exam.  Assignments, 

discussion boards, and test essay questions all have subjective components for scoring purposes 
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that affect the overall final grade for the course.  Due to the semester final grade limitations, the 

objective pretest and posttest scores will also be included in the analyses to account for instructor 

subjectivity.   

Delimitations of the Study 

Delimitations were determined when reviewing the tools available within an LMS and 

available research literature on LMS tools.  The tools provided by an LMS can vary, but certain 

basic instructional tools exist within all systems.  These basic tools are announcement/updates, 

assignment upload location, tests, discussion boards, web links, and pages.  Using the basic LMS 

tools available in all systems allows this study to be applied more easily and recreated by 

researchers regardless of the specific LMS provided by their institution.  Proprietary LMS tools 

that exist only within a specific LMS provider were not considered for this study.  Third party 

and external tools were not considered as they require additional cost, setup, and configuration 

outside the LMS environment provided by the institution.  This study is focused on the 

characteristics of instruction that lead to effective learning.  Therefore, each of the basic LMS 

tools was evaluated for the presence of interaction and the measurement of the interaction 

assessed by the frequency of LMS tools used by instructors in a semester-long course.  

 Pages and web links are considered course content and could be multimedia activities, 

static text content, embedded videos, textbook links, external websites, and/or images.  This 

variability in what was provided through web links and pages would require a subjective 

measure to determine if active and engaged learning was taking place.  In terms of measuring 

web links, the LMS data do provide the number of times a web link was clicked, but does not 

specify whether each student clicked the web link.  Content pages built within the LMS provided 

by the institution selected for this study did not have tracking information and it was not possible 
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to determine if a student viewed the content on the page or the amount of time spent on the page.   

The focus of this study is measuring interaction points with instructors and students and therefore 

the LMS tools of pages and web links were excluded from this study.  The LMS tools of updates, 

assignments, tests, and discussion boards were present in all courses studied and supported 

student engagement and interaction.  The Seven Principles for Good Practice were also present 

in updates, assignments, tests, and discussion boards which supports the idea that these four 

LMS tools were pedagogically designed and should be included in the study.   

The design of the study also created delimitations for the data collected from the LMS.  

The LMS tools are implemented by the instructor at the course level.  Therefore, the frequency 

of LMS tools used in the course is defined by the instructor.  Student data related to LMS tools 

were not collected, as they would not change the frequency of LMS tools in the course.  Student 

data are considered outside the scope of this study, and course-level data from the LMS set the 

boundaries for the data that can be analyzed in this study.  The course data also contained 

delimitations, due to the fact that some of the newer courses that were procured by the 

organization used a third-party LMS to provide assignments, tests, and discussion boards to 

students.  The contract with the third-party vendors did not allow access for LMS database 

queries.  The course content provided by the third-party LMS also did not contain pretest or 

posttest assessment.  For these reasons, courses that used the third-party LMS for content 

delivery were not included in this study. 

The environment and population selected for this study is another delimitation.  The 

educational environment selected for the study is online education.  The population being studied 

enrolls in an online course, which requires a portion of the student’s school day to be assigned to 

a space with computers to complete online coursework.  These students would not be considered 
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full-time virtual school students, but the course is offered fully online and all interaction takes 

place in the online environment.  The population being studied consists of secondary school 

students earning American high school diplomas.  The study is further delimited by the 

population being located around the world in various time zones.  The study is further delimited 

to English-speaking subjects. 

Definition of Terms 

Assignees:  An LMS database field that shows if a graded item has been individually assigned.  

Graded items that are individually assigned are not completed by the entire class.  If a graded 

item has data in this field, it will not be included in the frequency calculation. 

Assignment:  An LMS tool for assessment of knowledge that requires students to complete 

offline work and submit their work to a specific assignment by uploading the work from their 

computer to the LMS. 

Asynchronous Instruction:  A form of education, instruction, and learning that does not occur in 

the same place or at the same time (Hidden Curriculum, 2014). 

Discussion Boards:  An LMS tool that provides an area where students can communicate 

through responses and replies to responses about a specific topic at different times.  Also known 

as forums or message boards. 

Dropbox Submissions:  An LMS database field that contains an integer of the number of 

submissions in an assignment’s dropbox.  A number greater than 0 in this field shows that 

students submitted work to the assignment.  If this field is greater than 0, the assignment will be 

included in the frequency calculation. 

Educational Data Mining:  An emerging discipline for developing methods for exploring the 

unique types of data that come from educational systems.  The need to consider pedagogical 
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aspects of the learner and system sets it apart from other data mining domains (Romero & 

Ventura, 2007; Romero, Ventura, & Garcia, 2008). 

Frequency:  This term will be used in a statistical manner to define the number of times the event 

occurred within the length of the course. 

Grading Category:  An LMS database field that contains an integer identifier for the category of 

the graded item.  A category is defaulted to ungraded until an instructor creates a new name for a 

graded category, such as “assignment,” which will then make the item graded.   

Grading Period:  An LMS database field that contains an integer identifier for the grading period 

of the graded item.  The instructor chooses the grading period for the item from a selection menu 

that contains six grading periods with specific start and end times for each school year: Quarter 

1, Quarter 2, Sem 1 Exam, Quarter 3, Quarter 4, and Sem 2 Exam. 

Interaction:  The learner’s engagement with the course content, other learners, the instructor, and 

the technological medium used in the course (Thurmond, 2003). 

Last Updated:  An LMS database field that contains a time and date when an update is posted in 

the course.  This date in this field will be used to determine the semester for the update tool 

frequency calculation. 

Learning Analytics:  The use of data mining, interpretation, and modeling to improve 

pedagogical design and student learning (Johnson, Smith, Willis, Levine, & Haywood, 2011). 

Learning Management System (LMS):  The framework that handles all aspects of the learning 

process and the infrastructure that delivers and manages instructional content (Watson & Sunnie, 

2007).     

Online Learning:  Learning that takes place partially or entirely over the Internet (U.S. 

Department of Education, 2010). 
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Published:  An LMS database field that contains a value for whether the item is 

available/published or hidden from students.  The value is “0” for hidden and “1” for published. 

Student Achievement:  This study will define student achievement as semester final grades. 

Student Learning:  To measure growth, this study will be using pretest and posttest scores to 

evaluate the change. 

Synchronous Learning:  A form of education, instruction, and learning that occurs in the same 

place and at the same time. 

Tests:  An LMS tool for assessment of knowledge that requires a student to answer questions.  

Question types can include true/false, multiple-choice, matching, ordering, fill-in-the blank, 

short-answer, and essay. 

Title:  An LMS database field that contains the name provided by the instructors for an 

assignment, test, and discussion board. 

Type:  An LMS database field that contains the type of the graded item as assignment, 

assessment, or discussion.  This field will be used to separate the data by item type for frequency 

calculation. 

Update:  An LMS tool that allows the instructor to post information within the course.  It can 

have options such as allowing students to comment or to receive a copy in their email.  It may 

also be known as an announcement in some LMS systems. 
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Figure 17. Scatterplot of posttest scores and standardized predicted values for year-long courses 

split by curricular subject area with a linear fit line. 

 
Figure 18. Scatterplot of posttest scores and standardized predicted values for semester-long 

courses split by curricular subject area with a linear fit line.  
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Frequency of interaction.  The frequency of interaction can occur through learner-

content, learner-instructor, and learner-learner (Moore, 1989).  The LMS tools provided learner-

content (tests), learner-instructor (updates, assignments), and learner-learner (discussion boards).  

The frequency of LMS tool use did not have a significant effect for predicting student 

achievement as measured through semester final grades however it did have a significant effect 

for predicting student learning as measured through posttest scores.  The learner-instructor 

category that included updates and assignments contained four models that were positively 

related to posttest scores and had small effects.  The learner-learner category that included 

discussion boards had two models that were positively related to posttest scores and had small 

effects.  The learner-content category that included tests contained one model that was negatively 

related to posttest scores and had small effects. 

The negatively associated LMS test tool contradicted the previous research that supported 

the idea that increased frequency of tests would result in an increase of student learning and 

achievement.  This study involved online secondary school students who primarily interacted 

with tests that were auto-graded and did not require teacher feedback and interaction.  The 

previous research for the frequency of assessments was conducted in a traditional face-to-face 

environment with mostly higher education students (Gocmen, 2003; Khalaf & Hanna, 1992; 

Martinez & Martinez, 1992).  In online education, it was found that the relative magnitude of the 

interaction was a predictor of student achievement (Bernard et al., 2009; Hawkins, 2011; Lou et 

al., 2006).  This study supports the idea that the relative magnitude of the interaction through 

LMS tools can predict student achievement and learning. 

LMS update tool.  The study by Lonn (2009) defined a basic interaction as any kind of 

communication that takes place online within an LMS tool, such as an update.  Updates were 
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found to be a great strength of the LMS and the main source of learner-instructor interaction 

(Graham et al., 2001).  The frequency of updates in the LMS was found to be a significant 

predictor of posttest scores but was a small effect.  Semester-long courses were positively related 

to posttest scores but year-long courses were negatively related.  The LMS update tool was the 

most frequently used LMS tool in English and fine arts but was not a significant predictor.  The 

results of this study showed that updates were not the main source of learner-instructor 

interaction and the effects were small and conflicting and would benefit from further study.   

LMS assignment tool.  The instructor provides practice and feedback through the LMS 

assignment tool.  The quantity or frequency of interactive events is supported by Kuh’s (2003b) 

statement that “the more students practice and get feedback on their writing, analyzing, and 

problem solving, the more adept they become” (p. 25).  The LMS assignment tool had the 

highest mean frequency across curricular subject areas for the LMS tools.  This supports the 

findings of Pyke’s (2007) study that assignments were the most frequently used form of feedback 

in online courses.  The LMS assignment tool was found to have a small and significant positive 

effect on posttest scores for SY1516.  For semester final grades, the LMS tools did not have a 

significant effect when separated by school year but the LMS assignment tool was significant 

when split by curricular subject area for career and technical education, math, social studies, and 

world languages. 

LMS test tool.  The LMS test tool has the option of providing automatic feedback for 

correct and incorrect answers, but the data mined in this study did not contain information about 

individual test questions.  Therefore, it cannot be assessed whether automatic feedback supports 

the studies by Lai and Savage (2013) or Ibabe and Jauregizar (2010).  The LMS test tool was not 

a significant predictor for semester final grades and was significant for only one of the four 
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models for posttests scores.  The significant posttest score predictor for SY1415 SL was 

negatively related, as the frequency of tests increased, posttest scores were found to decrease.  

Tests were also significant but negatively related for the curricular subject areas of fine arts, 

science, and world languages.  The LMS test tool is similar to providing a multiple-choice test in 

a traditional classroom.  However, the results of this study do not support the meta-analysis study 

by Gocmen (2003) that frequent testing in a traditional classroom was beneficial to student 

learning and academic achievement.  This is surprising, as previous research did not find 

significant differences in student learning and achievement when comparing online and 

traditional classes (Lim et al., 2008; Parker, 2015; Schmidt, 2012, U.S. Department of Education, 

2010).  It was outside the scope of this study to assess the other advantages of frequent testing 

cited by Gholami and Moghaddam (2013).  It must be noted that this study utilized tests in a 

fully online secondary school environment and that, in terms of research K-12 has had few 

rigorous research studies related to the effectiveness of online learning (U.S. Department of 

Education, 2010).  Additional research would be needed to determine if the population, 

environment, or test design resulted in the negative relationship to posttest scores.      

LMS discussion board tool.  The frequency of the LMS discussion board tool was least 

used in all subject areas.  The English curricular subject area used discussion boards the most.  

The LMS discussion board tool was the only student-student interaction evaluated.  The 

frequency of discussion boards had a small but positive effect on posttest scores.  The curricular 

subject areas of math and world languages had statistically significant positive effects for 

semester final grades and posttest scores, but the other subject areas were not significant or 

negatively related to the dependent variable.  Previous research related to the frequency of posts 
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within discussion boards or the quality of the interaction contained in the posts was outside the 

scope of this study. 

Curricular subject area.  This study did not have the same findings as the meta-analysis 

by Gocmen (2003) that stated that effect sizes for curricular subject area were not found to be 

significant.  The study by Gocmen (2003) only evaluated the frequency of tests in a traditional 

classroom.  This study had the highest frequency of cases in the social studies curricular subject 

area, and a majority of the studies analyzed by Gocmen (2003) were also in social sciences.  This 

study evaluated eight subject areas with similar course design, while previous research evaluated 

only one specific course at one specific higher education institution (Bowman et al., 2014; 

Macfadyen & Dawson, 2010; Weinberg, 2007; Wong, 2016).  The results of this study 

determined that curricular subject area predicted 3% of the variance for student achievement 

(semester final grades) and 6% of the variance for student learning (posttest scores).  It can be 

inferred through these results that curricular subject area is an important factor for analysis and 

that not accounting for curricular subject area may lead to inaccurate results.  The significant 

unequal variance among curricular subject areas when evaluating student learning and 

achievement in online secondary schools demonstrates that results should not be generalized 

across curricular subject areas.  Specifically, this study demonstrated that the LMS tools of 

updates, assignments, tests, and discussion boards varied in the significance and effect across the 

eight subject areas.  The coefficients level of predictive variance was significantly different 

across curricular subject areas and therefore this study reports the LMS tools as a combined 

model rather than evaluating the individual tools.  The combined LMS tools had greater 

predictive power together when categorized by curricular subject area when assessing the effect 

on student learning and achievement. 
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Limitations 

 The data for this study were limited to the de-identified data provided by the Research 

and Evaluation Branch at the organization.  The de-identified data did not allow the researcher to 

determine if the same student was enrolled in one course or more than one.  The de-identified 

data also limited the ability to analyze the effect of the instructor on the course and did not 

indicate if the instructor had changed from school year 2014-2015 to school year 2015-2016.  

The study was delimited by the researcher to student records that contained pretest scores.  The 

data provided were missing over 50% of pretest scores, either because the course did not contain 

a pretest or because students did not complete the pretest.  The LMS used by the organization 

was also limited in the LMS tool details that could be extracted through the data mining process.  

The semester final grade as a measure of achievement had limitations due to instructor 

subjectivity and, as noted previously, the potential for instructor bias could not be analyzed with 

de-identified data.  Instructor subjectivity in semester final grades may have affected the analysis 

but could not be accounted for.  Because of the instructor subjectivity limitation, the study was 

designed to also analyze objective posttest scores. 

Recommendations and Future Research 

This study was focused on the effect of LMS tools on student achievement and student 

learning.  The researcher also sought to determine if curricular subject area had an effect on the 

predictive power of the LMS tools.  The semester final grades and posttest scores differed 

significantly by curricular subject.  It is recommended, when analyzing online courses that 

belong to more than one curricular subject area, that the methodology contain a variable that 

allows curricular subject area to be split and compared.  For the study of online asynchronous 
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courses, it is recommended that results not be generalized beyond the curricular subject area that 

is being studied and that the specific curricular subject area be identified. 

One of the main findings is that the predictive power of the LMS tools was increased 

when the curricular subject areas were analyzed individually instead of combined by school year.  

The range in variance predicted by the LMS tools when split by curricular subject area requires 

additional research.  The largest effects were from year-long science and social studies courses, 

which previous research identified as the most frequently researched curricular subject areas.  

With the wide variance between curricular subject areas, it is recommended that additional 

research include curricular subject areas that do not fall within the categories of science and 

social studies.  The studied population was primarily twelfth-grade students, which may have 

influenced which courses online students selected.   

One of the main benefits of this study was that the online courses were from the same 

curriculum provider, which provided a consistent course design across all curricular subject 

areas.  It is recommended that future studies that compare curricular subject areas consider the 

effect of course design on the independent variables.  For example, one curriculum provider may 

design its courses with more collaboration activities, which, in the case of this study, would 

increase the number of discussion boards.  This study researched online courses in which a 

majority of the content and graded activities were provided to the instructor, thus allowing the 

LMS tool use for each course to be more consistent throughout the two school years studied.  If 

the course content is generated exclusively by instructors, future studies should also consider the 

influence of the instructor on the use of the LMS tools.  In terms of instructor influence, the LMS 

update tool was ungraded and the frequency of use was entirely dependent on the instructor of 

the course.  The results indicated that, while the LMS update tool was most frequently used in 
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English and fine arts, it was not significant, and other curricular subject areas were small effects 

with positive and negative relationships to posttest scores.  Based on the results of this study 

future research studies using the LMS update tool should include the instructor and an identifier 

of the content type of the update (reminder, informative, feedback, etc.).  This study was not able 

to identify if specific instructors had preferences for the frequency of updates posted, since 

instructor information was not included in the de-identified dataset.   

This study found that pretest scores as a measure of prior learning were consistently 

significant predictors across all three research questions.  The literature supported the idea that 

pretest scores can measure prior learning.  This study accounted for prior learning using pretest 

scores in a hierarchical multiple regression.  While the requirement for pretest scores did exclude 

over half of the student record data received, there was still a large sample that remained for 

analysis.  The use of pretest and posttest assessments in this study allowed for an objective 

measure of student learning.  It is recommended that future research studies evaluating student 

learning verify that the course content includes a pretest and posttest measure.  For this study, the 

researcher was hopeful that instructors used a pretest and posttest in the course, but it was not 

required, only recommended.  Based on the number of student records that did not contain 

pretest and posttest scores, the researcher recommends that the organization continue providing 

pretest and posttest assessments to students and reinforce to instructors the value of assessing the 

students’ prior knowledge.  Pretest scores were a significant predictor and improved the overall 

prediction of the variance in the full model that included LMS tools.  For future research in 

online secondary schools, it is recommended that pretest scores be included in prediction 

analyses to account for prior learning.   
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This study successfully utilized the educational data mining framework proposed by 

Kazanidis et al. (2009) for e-learning that included logging the data, data preprocessing, and data 

mining.  For the logging data step, it is recommended that the researcher have a technical 

understanding of the LMS application and database structure or have an information technology 

consultant/partner who is able to collect and extract the data from the LMS.  For the data pre-

processing step, it is recommended that the researcher have an understanding or detailed 

documentation that includes the names and descriptions of the data fields.  It is also 

recommended that the researcher request translation tables for numeric values to label names.  In 

this study, the grading periods were strings of numbers that related to labels for each grading 

period, and translation tables were necessary for pre-processing.  For the data mining step, it is 

recommended that, with a large dataset, that categorization using variables identified in pre-

processing be used to control for variance in populations.  If the proposed sample size is large for 

the data mining analysis, it is recommended that effect sizes also be calculated, as a variable 

could be statistically significant but have no real effect.  

It is important to note that this study was correlational in nature and did not evaluate 

causation.  Therefore, changes to educational policies based on the results of this study are not 

recommended.  In online secondary schools, it is recommended that administrators and 

instructors consider the differences in curricular subject areas when evaluating semester final 

grades (achievement) and posttest scores (learning).  Additional research, including experimental 

design, is needed to confirm that increasing the frequency of use for the various LMS tools 

results in increased semester final grades and posttest scores.  The LMS tools’ prediction of the 

variance in semester final grades and posttest scores was only a portion of the overall variance.  

Future studies should determine if there are other variables that should be included for analysis. 
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Conclusion 

The theoretical framework for this study utilized Chickering and Gamson’s Seven 

Principles for Good Practice to determine which LMS tools should be included for analysis.  The 

LMS tools of updates, assignments, tests, and discussion boards are pedagogically supported by 

SPGP principles 1, 2, 3, and 4.  Principle 1 encourages contact between students and faculty, 

Principle 2 develops reciprocity and cooperation among students, Principle 3 uses active learning 

techniques, and Principle 4 gives prompt feedback (Chickering & Gamson, 1987).  Interaction is 

often viewed as necessary for student learning to occur in an online learning environment, and 

achievement outcomes favored more interaction over less interaction (Bernard et al., 2009; 

Davidson-Shivers, 2009; Weiner, 2003).  Student learning was found to be most effective when 

the fundamental characteristics of active engagement/learning, frequent interaction, and feedback 

were present (Van Amburgh et al., 2007; Harden & Laidlaw, 2013; Phillips, 2005; Roschelle et 

al., 2000; Sherman & Kurshan, 2005).  In the online secondary courses evaluated, the LMS 

assignment tool on average was the most frequency used.  The LMS assignment tool encourages 

interaction between students and faculty.  The LMS assignment tool also supports active learning 

through the concept of learning by doing (Chickering & Ehrmann, 1996; Dreon, 2013).  The 

LMS assignment tool also requires an instructor to provide feedback.  The minimal feedback 

would include points received out of points possible but can also include more detailed feedback 

through rubrics, written feedback, attached documents, and recorded audio/video from the 

instructor.  Based on literature support, the LMS assignment tool was anticipated to be a 

significant predictor of student learning.  To evaluate student achievement, semester final grades 

were analyzed as a dependent variable.  To account for the inherent subjectivity in semester final 
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grades, posttest scores were also analyzed as an objective dependent variable.  Both dependent 

variables were measured using the same independent variables.    

This study employed a data mining procedure to determine if LMS tools could predict 

semester final grades (achievement) and posttest scores (learning).  The findings suggest that the 

LMS tools can predict posttest scores but not semester final grades.  Additionally, the study 

determined whether curricular subject area had an effect on the predictive power of the LMS 

tools.  The findings of this study suggest that curricular subject area can predict the variance in 

semester final grades and posttest scores.  The findings also suggest that there was unequal 

variance across curricular subject areas for the dependent variables.  By categorizing the courses 

by curricular subject area, the predictive power of the LMS tools was positively affected.  The 

LMS tools had large effect sizes in science and social studies for posttest scores when 

categorized by curricular subject area. 

Additionally, the LMS update, assignment, test, and discussion board tools varied in 

predictive strength and relationship to the dependent variables.  The findings of this study 

indicated that the LMS assignment and discussion board tools were significant predictors, with 

small positive effects for posttest scores.  The findings also suggested that the LMS test tool was 

a significant predictor, with a small negative relationship to posttest scores.  The negative 

relationship found in this study contradicts the literature related to the frequency of tests in 

traditional classroom environments.  The LMS test tool was primarily a learner-content 

interaction, whereas assignments primarily were a learner-instructor interaction and discussion 

boards were primarily a learner-learner interaction.  The LMS update tool was a significant 

predictor for posttest scores but had a small positive relationship for semester-long courses and a 

negative relationship for year-long courses.  The frequency of the LMS tools varied by curricular 
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subject area.  Specifically, the LMS assignment tool had the highest mean frequency across all 

subject areas. 

  The curricular subject area math had the highest frequency of the LMS test tool, and the 

LMS test tool was also found to be negatively correlated with the LMS assignment tool.  The 

negative correlation of assignments and tests in math shows that, as the number of tests increase, 

the number of assignments decrease.  For studies evaluating frequency of assessments, this study 

found that the math curricular subject area used the LMS test tool most frequently, while 

reducing other LMS tool use.  Based on this study, it can be concluded that the math curricular 

subject area most significantly used the LMS test tool over the LMS assignment tool.  The LMS 

test tool had a negative effect on semester final grades and posttest scores for math.  The 

researcher is not suggesting that math courses should convert all tests to assignments.  Math was 

used as the comparison curricular subject area for the dummy variables, and the other subject 

areas showed significant differences.  This study highlights the difference between math and the 

other curricular subject areas. It is recommended that research studies in the online secondary 

school environment account for the difference in math when generalizing results related to LMS 

tool use.  While the significance and effect size varied across subject areas, including all four 

tools in the regression equation resulted in the highest percentage of variance predicted. 

In conclusion, the results of this study have been presented in context with the literature 

related to the SPGP, frequency of interaction, feedback, and instructional tools.  The literature 

supported that pretests as a measure of prior learning are a good predictor for learning and 

achievement.  This study used pretest scores as a control variable in a hierarchical multiple 

regression, and pretest scores were found to be significant predictors for semester final grades 

and posttest scores.  The LMS tools, when added to pretest scores, contribute an additional 3% 
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(SY1516 YL), 4% (SY1415 SL), and 8% (SY1516 YL) prediction of the variance of posttest 

scores, with a small effect.  The LMS tools for SY1415 YL predicted 14% of the variance, with a 

medium effect.  Specifically, the findings supported the linear positive relationship between 

assignments and discussion boards for posttest scores.  The findings did not support the idea that 

the LMS tools were a significant predictor for semester final grades when categorized by school 

year.  By categorizing the courses by curricular subject area, the LMS tools were significant 

predictors for semester final grades and posttest scores.  The LMS tools categorized by curricular 

subject area had small effects for semester final grades.  The largest overall effect of the LMS 

tools was on posttest scores categorized by curricular subject area.  Career and technical 

education SL was a small effect, with 6% variance prediction.  For medium effects, the variance 

prediction was 20% for English YL, 17% for fine arts YL, 15% for math SL, and 16% for world 

languages YL.  Finally, for large effects, LMS tools added 29% variance prediction for science 

YL and 39% variance prediction for social studies YL.  Therefore, curricular subject area does 

have an effect on the predictive power of LMS tools.  This study provides a further example of 

educational data mining and the results that can be achieved with a strong pedagogical 

framework.  Future researchers and practitioners should carefully develop a data mining 

procedure that is pedagogically supported and should account for variation among curricular 

subject areas when analyzing courses from more than one curricular subject area. 

  


