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ABSTRACT 

Smith, Rachel Naomi, Perceptions and effects of classroom capture software on course 
performance among selected online community college mathematics students. Doctor of 
Education (Higher Education Administration), August, 2017, Sam Houston State 
University, Huntsville, Texas. 
 

The purpose of this mixed methods research study was two-fold.  First, I 

compared the findings of the success rates of online mathematics students with the 

perceived effects of classroom capture software in hopes to find convergence.  Second, I 

used multiple methods in different phases of the study to expand the breadth and range of 

the effects of using classroom capture software in the online environment. 

I conducted this study using Collins, Onwuegbuzie, and Sutton’s (2006) 13-step 

methodological framework for mixed methods research.  In the quantitative research 

phase, I analyzed the grades of 1,476 students in 79 online mathematics classes during 

the 2012-2013 academic year.  In the qualitative research phase, I conducted interviews 

with 6 instructors and 10 students. 

The analysis in the quantitative research phase reveled a statistically significant 

difference between the mean scores of overall numeric course grades between the 

students who were enrolled in an instructor’s class where the instructor used classroom 

capture software (CCS) and students who were enrolled in an instructor’s class where the 

instructor did not use CCS.  In the qualitative research phase, the students’ perceptions 

were similar to instructor perceptions in that both sets of participants found only positive 

value in using CCS in the online mathematics courses.  Six themes emerged from the 10 

interviews conducted with student participants concerning their perceptions of classroom 

capture software on their performance in their online mathematics course: inclusiveness, 

flexibility, future outlook, guidance, elimination of isolation, and challenges.  Five 
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themes emerged from the 6 interviews conducted with instructor participants concerning 

their perceptions of classroom capture software on their students’ performance in their 

online mathematics course: benefits to students, challenges, benefits to instructors, online 

teaching, and future students.  It was hoped that findings from this study would help 

administrators of community college systems to decide whether to invest both time and 

money in order to incorporate classroom capture software in online mathematics courses.  

Additionally, it was hoped that findings would strengthen the knowledge base of the 

effectiveness of classroom capture software in online mathematics environments. 

 

KEY WORDS: Classroom capture software, Online mathematics environment, Course 
performance, Student perceptions, Instructor perceptions 
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CHAPTER I 

Introduction 

The percentage of students enrolled in at least one online course at postsecondary 

institutions has grown from 15.5% in the 2003-2004 school year to 20.4% in the 2007-

2008 school year (National Center for Education Statistics, 2011).  The largest increase in 

online enrollment has been in 2-year colleges (Tahmincioglu, 2008).  Allen and Seaman 

(2013) reported that 32.0% of students are taking at least one online course.  Continuation 

of these growth trends in online education (see Table 1) is expected by higher education 

institutions.  Because of the high demand of online education, more than 65% of higher 

education institutions in the United States have incorporated online learning as a critical 

component of their long-term strategic plans (Kim & Bonk, 2006; Sloan Consortium, 

2010). 
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Table 1 

Total and Online Enrollment in Degree-Granting Postsecondary Institutions 

Year Total enrollment 

Annual growth 
rate total 

enrollment 

Students 
taking at least one 

online course 

Online 
enrollment 

increase over 
previous year 

Annual 
growth rate 

online 
enrollment 

Online 
enrollment as a 

percent total 
enrollment 

Fall 2002 16,611,710 NA 1,602,970 NA NA 9.6% 

Fall 2003 16,911,481 1.8% 1,971,397 368,427 23.0% 11.7% 

Fall 2004 17,272,043 2.1% 2,329,783 358,386 18.2% 13.5% 

Fall 2005 17,487,481 1.2% 3,180,050 850,267 36.5% 18.2% 

Fall 2006 17,758,872 1.6% 3,488,381 308,331 9.7% 19.6% 

Fall 2007 18,248,133 2.8% 3,938,111 449,730 12.9% 21.6% 

Fall 2008 19,102,811 4.7% 4,606,353 668,242 16.9% 24.1% 

Fall 2009 20,427,711 6.9% 5,579,022 972,669 21.1% 27.3% 

Fall 2010 21,016,126 2.9% 6,142,280 563,258 10.1% 29.2% 

Fall 2011 20,994,113 -0.1% 6,714,792 572,512 9.3% 32.0% 

Note. From “Changing Course: Ten Years of Tracking Online Education in the United States,” by I. E. Allen and J. Seaman, 2013, 
Online Learning.  Copyright 2013 by Babson Survey Research Group and Quahog Research Group, LLC.  Adapted with 
permission. 
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With the continued growth in online enrollments (see Figure 1), colleges and 

universities continue to offer a diverse listing of courses in the online format (Allen & 

Seaman, 2008).  Among the different online courses offered are a variety of different 

mathematics courses (Allen & Seaman, 2008).  Online instruction differs significantly 

from face-to-face instruction, and the transition to an online mathematics environment 

presents challenges (Hardy & Bower, 2004; Ko & Rossen, 2004; McLean, 2005; Palloff 

& Pratt, 2001). 

 

Figure 1. Mean online enrollment by size of institution – Fall 2007. From “Staying the 
Course: Online Education in the United Staates, 2008,” by I. E. Allen and J. Seaman, 
2008, Online Learning Consortium, p. 6.  Copyright 2017 by Online Learning 
Consortium.  Reprinted with permission. 

 
Although most instructors are prepared to deliver content in face-to-face formats 

(Varvel, 2007), instructors in general are underprepared to teach in online environments 

(McQuiggan, 2007).  Online mathematics instructors continually search for new ways 

effectively to teach mathematics in online environments.  Technology continually 

evolves and changes at a pace faster than the higher educational environment can adapt.  
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A recent advancement in technology is the development of classroom capture software.  

Some of the leading classroom capture companies include Accordent, Arrive, Camtasia, 

Echo360, Galicaster, Opencast, Panopto, Presentations2Go, Screencast o’matic, and 

Tegrity (see Table 2). 

Table 2 

Creation Date of Select Classroom Capture Software Companies 

Company Name Year Created 

Accordent Polycom 2005 

Arrive Viewpoint 2013 

Camtasia 2002 

Echo360 2007 

Galicaster 2011 

Opencast Matterhorn 2008 

Panopto 2007 

Presentations2Go 2002 

Screencast o’matic 2007 

Tegrity 1995 

 

Classroom capture software companies advertise multiple educational uses for 

their products.  Panopto CourseCast (2012) markets numerous uses for their product, 

including: (a) lecture capture (i.e., giving students the ability to pause, to search, to 

review and to add notes to lectures); (b) webcasting of campus events (i.e., giving a 

community the ability to plan, to capture, and to share events of any scale with any 

audience around the world); (c) creating course material from anywhere (i.e., giving 

instructors the ability to record course content from a laptop or iOS device); (d) student 

recording (i.e., giving students the ability to submit recordings to the instructor); (e) 
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broad range of mobile platforms (i.e., allowing users the ability to record or to view 

material on mobile devices); (f) integration with a Learning Management System (i.e., 

allowing integration with a range of systems, such as Moodle, Canvas, Desire2Learn, 

Sakai, Blackboard, WebCT, and Angel); and (g) construction of comprehensive video 

libraries (i.e., allowing institutions to maintain, to organize, and to share video libraries).  

Thus, one of the functionalities of classroom capture software is to solve the problem of 

synchronously recording both audio and video components (Panopto CourseCast, 2012).  

Instructors can record both entire lectures during a traditional classroom lecture and short 

segments outside the traditional classroom.  The online instructors can provide their 

students with access to these recordings, thereby enabling their students to have a face-to-

face experience in an online course. 

With the aid of additional computer software (e.g., Journal), mathematics 

instructors can use a tablet PC to record synchronously their handwritten lecture notes 

and audio.  The instructor’s handwritten notes can be converted to pfd format and 

attached directly to the recordings (Panopto CourseCast, 2012)—a feature provided by 

most classroom capture software companies.  Housed within an institution’s learning 

management system, these recording can be organized into video libraries, which contain 

step-by-step explanations of examples and concepts from a wide range of different 

mathematic courses. 

Statement of the Problem 

Although online enrollment continues to increase (National Center for Education 

Statistics, 2011), the lack of student success in online courses continues to plague 

administrators (Chyung, 2001).  As technology makes a stronger impact in higher 
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education, there is a need to assess its impact on student learning.  There is currently a 

lack of data from research conducted on classroom capture software and the online 

mathematics classroom.  It is unclear as to whether classroom capture software has an 

effect on student success in the online mathematics environment.  Additionally, it is 

unknown as to whether the benefits of classroom capture software outweigh the expenses 

associated with this tool (e.g., the financial commitment for the purchase of the software 

and the financial/time commitment needed to train individuals to use the software).  In 

order to enhance both teaching and learning in the online mathematics environment, we 

need pragmatic information gathered from both the instructors’ and students’ 

perspectives.  The above challenges suggest that administrators explore how to provide 

better access to and training of technological software that contribute to student success. 

Theoretical Framework 

The study was guided by Bruner’s (1966) Constructivist Theory, which states that 

learning is an active process in which a learner constructs new concepts or ideas based 

upon his or her current/past knowledge.  Online mathematics courses, like traditional 

face-to-face mathematics courses, are organized to build upon previously learned 

mathematics skills.  Bruner (1966) addressed four features in his theory of instruction: (a) 

predisposition to learn, (b) structure (i.e., organization) of knowledge, (c) modes of 

representation (i.e., delivery), and (d) effective sequencing (i.e., form and pacing of 

reinforcement).  These features were applied to instruction in the online mathematics 

environment.  By using classroom capture software, the online mathematics instructor 

can present topics in a specific order (i.e., structure the course according to objectives; 

Heimer, 1969).  The students can view the recordings in the order in which the recordings 
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are presented, or they can view the recordings in an order that best fits their needs of 

learning (Panopto CourseCast, 2012; Tegrity, 2005).  For example, when learning a new 

concept (e.g., solving quadratic inequalities), if a student knows he or she is deficient in a 

previously learned concept (e.g., solving quadratic equations), then he or she can view 

the recordings out of sequence and review previous concepts.  The use of classroom 

capture software also allows the mode of delivery in a traditional face-to-face course to 

be replicated in the online course (“Tegrity campus,” 2011). 

From a constructivist perspective, effective teaching requires the learner to be 

responsible and accountable for the learning that takes place.  In the online environment, 

instructors make course information available, and the students are responsible for 

demonstrating understanding and mastery of the material.  The use of classroom capture 

software is one of many emerging technologies that have been used in the online 

environment to enhance student learning (Ford, Burns, Mitch, & Gomez, 2012). 

Methodological Framework 

For the mixed methods research, I used Collins, Onwuegbuzie, and Sutton’s 

(2006) 13 steps to guide the outline of my study.  The 13 steps comprised: (a) 

determining the mixed goal(s) of the study, (b) formulating the mixed research 

objective(s), (c) determining the rationale(s) of the study and the rationale(s) for mixing 

quantitative and qualitative approaches, (d) determining the purpose(s) of the study and 

the purpose(s) for mixing quantitative and qualitative approaches, (e) determining the 

research question(s), (f) selecting the mixed sampling design, (g) selecting the mixed 

research design, (h) collecting the quantitative and/or qualitative data, (i) analyzing the 

quantitative and/or qualitative data using quantitative and/or qualitative analysis 
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techniques, (j) validating/legitimating the mixed research findings, (k) interpreting the 

mixed research findings, (l) writing the final mixed research report, and (m) 

reformulating the mixed research question(s). The 13 steps, which are continuous and 

interactive, were grouped into three stages: (a) formulation (Steps 1-5), (b) planning 

(Steps 6-7), and (c) implementation (Steps 8-13) (Collins, Onwuegbuzie, & Jiao, 2006).  

Chapter I addresses Steps 1-5; Chapter II contains Steps 1-3; and Chapter III involves 

Steps 6-7. 

Step 1: Determine the Goal of the Study 

To identify the goal, I used Newman, Ridenour, Newman, and DeMarco’s (2003) 

typology, which comprised the following nine goals: (a) add to the knowledge base, (b) 

predict, (c) measure change, (d) have a personal, social, institutional, and/or 

organizational impact, (e) understand complex phenomena, (f) generate new ideas, (g) 

test new ideas, (h) inform constituencies, and (i) examine the past.  The goals of the 

present study were (a) to have a personal, social, institutional, and/or organizational 

impact; (b) to add to the knowledge base; and (c) to test new ideas. 

Step 2: Formulate Research Objectives 

Collins, Onwuegbuzie, and Jiao’s (2006) second step in the 13-step mixed 

methods research process was used to identify a research objective using one or more 

research paradigms.  In the field of educational research, there exists an array of 

paradigms/worldviews (e.g., postpositivism, constructivism, critical theory, participatory, 

and pragmatism; see Table 3) and philosophical assumptions/stances (e.g., interpretivism, 

post-modernism, post-structuralism, and feminism).  Although a researcher’s worldview 

can evolve and change, at the time of this study, I identified most with the pragmatism-
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of-the-middle philosophy (Johnson & Onwuegbuzie, 2004).  As a mixed methods 

researcher, I identified with this philosophy because it “offers a practical and outcome-

oriented method of inquiry that is based on action and leads, iteratively, to further action 

and the elimination of doubt” (Onwuegbuzie, Johnson, & Collins, 2009, p. 134).  

Pragmatist research relies on both qualitative and quantitative viewpoints in order to gain 

a better understanding of the real world situation that is being studied (Onwuegbuzie et 

al., 2009). 
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Table 3 

Comparison of Research Paradigms 

Paradigm 
Element 

Postpositivism Constructivism Critical Theory Participatory Pragmatism 

Ontology 
(i.e., existing 
reality) 

Social science 
inquiry should be 
objective 

Multiple 
contradictory, but 
equally valid 
accounts of the same 
phenomenon 
representing 
multiple realities 

Virtual reality 
influenced by social, 
political, cultural, 
ethnic, racial, 
economic, and 
gender values that 
evolve over time 

Subjective-objective 
reality co-created by 
mind and given 
world order 

Multiple realities; rejects 
traditional dualisms; high 
regard for the reality and 
influence of the inner 
world of human experience 
in action; current truth, 
meaning, and knowledge 
are tentative and changing 

 

Epistemology 
(i.e., 
knowledge 
about 
knowing) 

Researchers should 
eliminate their 
biases, remain 
emotionally 
detached and 
uninvolved with the
objects of study and
test or empirically 
justify their stated 
hypotheses 

Subjective knower 
and known are not 
separable; 
transactional/subject
ivist; co-created 
findings/meaning 

Transactional/subjec
tivist; value-
mediated findings 

Experiential, 
propositional and 
practical knowing; 
co-created findings 

Knowledge is both 
constructed and based on 
the reality of the world we 
experience and live in; 
justification comes via 
warranted assertability 

 

(continued)
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Paradigm 
Element 

Postpositivism Constructivism Critical Theory Participatory Pragmatism 

Methodology Time- and context-
free generalizations
are desirable and 
possible and real 
causes of social 
scientific outcomes 
can be determined 
reliably and validly
via quantitative (and
sometimes 
qualitative) method
 

Hermeneutical/dialect
ical; impossible to 
differentiate fully 
causes and effects; 
inductive reasoning; 
time- and context-free 
generalizations are 
neither desirable nor 
possible 

Dialogic/dialectical Political participation 
in collaborative 
action research; 
emphasis on 
practical 

Thoughtful/dialecti-cal 
eclecticism and pluralism 
of methods and 
perspectives; determine 
what works and solves 
individual and social 
problems 

Rhetorical Rhetorical 
neutrality, involving
formal writing style
using impersonal 
passive voice and 
technical 
terminology, in 
which establishing 
and describing 
social laws is the 
major focus; may 
include qualitative 
methods 

Detailed, rich and 
thick (empathetic) 
description, written 
directly and 
somewhat informally 

Critical discourse Use of language 
based on shared 
experiential context 

Use of both impersonal 
passive voice and technical 
terminology, as well as rich 
and thick (empathetic) 
description 

(continued)
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Paradigm 
Element 

Postpositivism Constructivism Critical Theory Participatory Pragmatism 

Nature of 
knowledge 

Nonfalsified 
hypotheses that are 
probably facts or 
laws 

Individual and 
collective 
reconstructions that 
may unite around 
consensus 

Structural/historical 
insights 

Entrenched 
epistemological 
emphasis on 
practical knowing 
and critical 
subjectivity 

 

Intersubjectivity, emic and 
etic viewpoints; respect for 
nomological and 
ideographic knowledge 

Knowledge 
accumulation 

External replication
and external 
statistical 
generalization 

Elaborate 
reconstructions; 
vicarious experience; 
internal statistical 
generalization; 
analytic 
generalization; case-
to-case transfer; 
naturalistic 
generalization 

Historical 
revisionism; 
generalization by 
similarity; internal 
statistical 
generalization; 
analytic 
generalization; case-
to-case transfer; 
naturalistic 
generalization 

In communities of 
inquiry contained in 
communities of 
practice 

Follows dynamic 
homeostatic process of 
belief, doubt, inquiry, 
modified belief, new doubt, 
new inquiry, in an infinite 
loop, where the person or 
researcher (and research 
community) constantly 
tries to improve upon past 
understandings in a way 
that fits and works in the 
world in which he or she 
operates; internal statistical 
generalization; analytic 
generalization; case-to-case 
transfer; naturalistic 
generalization 
 

(continued)



 

 

13 

Paradigm 
Element 

Postpositivism Constructivism Critical Theory Participatory Pragmatism 

Axiology 
(i.e., values) 

Research is value-
free 

Research is value-
bound 

Research is value-
bound; formative; 
seeks to reveal 
injustice 

Research is value-
bound 

Takes an explicitly value-
oriented approach that is 
derived from cultural 
values; specifically 
endorses shared values 
such as democracy, 
freedom, equality, and 
progress 
 

Goodness or 
quality criteria 

Reliability, validity
objectivity 

Trustworthiness, 
dependability, 
confirmability, 
transferability, 
authenticity 

Historical 
situatedness; 
reduction of 
ignorance and 
misperceptions; 
involve participants 
in knowledge 
construction 

Congruence of 
experiencial, 
presentational, 
propositional and 
practical knowing 
leads to the action to 
transform the world 
 

Reliability, internal 
validity, objectivity; 
Trustworthiness, 
dependability, 
confirmability, 
transferability, authenticity 
 

Ethics Extrinsic Intrinsic; process 
proclivity toward 
revelation 

Intrinsic; moral 
proclivity toward 
revelation 

Intrinsic; moral 
proclivity toward 
revelation 

Extrinsic and intrinsic; 
justification comes in the 
form of warranted 
assertability 
 

(continued)
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Paradigm 
Element 

Postpositivism Constructivism Critical Theory Participatory Pragmatism 

Inquirer 
posture 

Objective scientist 
and informer of 
decision makers, 
policy makers, and 
change agents 

Passionate participant 
as facilitator of 
multivoice 
reconstruction 

‘Transformative 
intellectual’ as 
advocate and activist 

Primary voice 
manifest via aware 
self-reflective 
action; secondary 
voices in revealing 
theory, narrative, 
etc. 
 

Offers the pragmatic 
method for solving 
traditional philosophical 
dualisms as well as for 
making methodological 
choices 
 

Training Technical; 
quantitative and 
qualitative; 
substantive theories

Resocialization; 
qualitative and 
quantitative; history; 
values of altruism, 
empowerment and 
liberation 

Resocialization; 
qualitative and 
quantitative; history; 
values of altruism, 
empowerment and 
liberation 

Researchers, who 
learn via active 
engagement in 
study, need 
emotional 
competence, 
democratic 
disposition and skills 

Qualitative, quantitative, 
and mixed research; 
substantive theories; values 
of altruism, empowerment 
and liberation 

(continued)
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Paradigm 
Element 

Postpositivism Constructivism Critical Theory Participatory Pragmatism 

Qualitative 
analysis 

Some forms of 
qualitative analysis 
are possible, 
especially 
qualitative analyses
that generate 
numbers as part of 
the findings such as
word count and 
classical content 
analysis 
 

All forms of 
qualitative analyses 

All forms of 
qualitative analyses 

All forms of 
qualitative analyses 

All forms of qualitative 
analyses 

Quantitative 
analysis 

All forms of 
descriptive and 
inferential statistics
with an ultimate 
goal of making 
external (statistical)
generalizations 

Descriptive statistics; 
some inferential 
statistics that lead to 
internal (statistical) 
generalization but not 
to external 
(statistical) 
generalization 

Descriptive 
statistics; most, if 
not all, forms of 
inferential statistics 
that lead to internal 
(statistical) 
generalizations and 
external (statistical) 
generalizations 

Descriptive 
statistics; inferential 
statistics that lead to 
both internal 
(statistical) 
generalizations and 
external (statistical) 
generalizations 

All forms of descriptive 
and inferential statistics 

Note. From “Call For Mixed Analysis: A Philosophical Framework for Combining Qualitative and Quantitative Approaches,” by A. 
J. Onwuegbuzie, R. B. Johnson, and K. M. T. Collins, 2009, Journal of Multiple Research Approaches, 3, pp. 122-123.  Copyright 
2009 by eContent Management Pty Ltd. Reprinted with permission. 
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In this study, the research paradigm that I used was mixed methods research.  

Mixed methods research is one of three major research paradigms; it connects the 

qualitative-quantitative continuum (see Figure 2).  Specifically, this paradigm represented 

“an approach to knowledge (theory and practice) that attempts to consider multiple 

viewpoints, perspectives, positions, and standpoints (always including the standpoints of 

qualitative and quantitative research)” (Johnson, Onwuegbuzie, & Turner, 2007, p. 113).  

Mixed methods research is a relatively new movement (Johnson et al., 2007).  The term 

triangulation was first coined by Webb, Campbell, Schwartz, and Sechrest (1966).  

Denzin (1978) was the first researcher to outline four types of triangulation: (a) data 

triangulation (i.e., the use of a variety of sources in a study); (b) investigator triangulation 

(i.e., the use of several different researchers); (c) theory triangulation (i.e., the use of 

multiple perspectives and theories to interpret the results of a study); and (d) 

methodological triangulation (i.e., the use of multiple methods to study a research 

problem).  More recently, mixed methods research has been defined as “the type of 

research in which a researcher combines elements of qualitative and quantitative research 

approaches (e.g., use of qualitative and quantitative viewpoints, data collection, analysis, 

inference techniques) for the broad purposes of breadth and depth of understanding and 

corroboration” (Johnson et al., 2007, p. 123).  Using a mixed methods research approach 

was important to me because both types of data were used to formulate answers to my 

research questions. 
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Figure 2. Three major research paradigms. From “Toward a Definition of Mixed 
Methods Research,” by R. B. Johnson, A. J. Onwuegbuzie, and L. A. Turner, 2007, 
Journal of Mixed Methods Research, 1, p. 124.  Copyright 2007 by Sage Publications.  
Reprinted with permission. 

 
Biesta (2010) suggested that pragmatism not be used to justify mixed methods 

research, but rather to help create a discussion about strengths and weaknesses of the 

approaches used by mixed methods researchers.  According to Biesta (2010), there are 

seven levels at which mixing can occur in mixed methods research: (a) data, (b) methods, 

(c) design, (d) epistemology, (e) ontology, (f) purposes of research, and (g) practical roles 

of research.  In my study, both numerical and text data were collected.  Thus, mixing 

occurred at the data level.  Additionally, mixing occurred at the methods level due to the 

fact that responses to open-ended interview questions were coded and quantitized (i.e., 

transformed numerical data into narrative data that could be analyzed qualitatively; 

Tashakkori & Teddlie, 1998).  Multiple data analyses were performed.  Consequently, the 

combination of measurement and interpretation characterized yet another form of mixing. 

Johnson and Christensen (2010) identified five major research objectives: (a) 

exploration (i.e., developing tentative hunches, hypotheses, inferences, or generalizations 



18 

 

by using an inductive method to explore an idea, issue, concept, construct, phenomenon, 

or context), (b) description (i.e., identifying and describing the antecedents, correlates, 

etiology, and/or nature of phenomena), (c) explanation (i.e., developing or expanding 

theory in order to elucidate a relationship among concepts, constructs, or phenomena), (d) 

prediction (i.e., forecasting what will occur at a later point in time by using prior 

knowledge/experience or existing theory or models), and (e) influence (i.e., producing a 

desired or expected outcome by manipulating one or more of the variables, conditions, or 

settings).  In this present study, the objective of the quantitative phase was prediction; 

whereas, the objective of the qualitative phase was exploration.  In the mixed methods 

research phase, the objective was both exploration and explanation. 

Step 3: Determine the Research/Mixing Rationale 

Collins, Onwuegbuzie, and Sutton (2006) provided four rationales for conducting 

mixed methods research: (a) participant enrichment (i.e., the mixing of the  quantitative 

and qualitative techniques for the rationale of optimizing the sample), (b) instrument 

fidelity (i.e., the procedures taken to maximize the utility and/or appropriateness of the 

instruments used in the study), (c) treatment integrity (i.e., the mixing of the quantitative 

and qualitative techniques to assess the fidelity of interventions, treatments, or programs), 

and (d) significance enhancement (i.e., the mixing of quantitative and qualitative 

techniques to maximize the interpretations of findings).  In this study, significance 

enhancement was used as the primary rationale; however, all rationales were pertinent.  

With respect to participant enrichment, I informed the participants about the importance 

of their responses to interview questions being as complete and accurate as possible.  I 

explained to the participants that I would use data to inform instructors of online courses 
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in mathematics and other disciplines about the perceptions concerning the effects of using 

classroom capture software in the online environment.  Furthermore, I used quantitative 

data to determine whether or not there was a difference in success rates. 

With respect to instrument fidelity, the goal was to maximize the appropriateness 

of each instrument being used in the study.  After I conducted one instructor interview to 

collect qualitative data (e.g., responses to interview questions), I participated in a 

debriefing interview to assess the appropriateness of the questions asked during the 

interview (Onwuegbuzie, Leech, & Collins, 2008).  No adjustments were made to the 

interview questions.  Data from the interviews were analyzed; the insights gained by 

these analyses provided insights into treatment integrity and led to the assessment of 

implementation bias (i.e., the extent to which the implementation of intervention deviated 

from protocol; Onwuegbuzie, 2003b).  With respect to significance enhancement, I 

collected both quantitative and qualitative data during the study.  Collection of both types 

of data allowed me to obtain richer data than I would have obtained if I had chosen only 

to collect one type of data, thereby it enhanced the significance of my findings 

(Onwuegbuzie & Leech, 2004). 

Step 4: Determine Research/Mixing Purpose 

Greene, Caracelli, and Graham (1989) identified five mixed research purposes: (a) 

triangulation (i.e., comparing findings from quantitative data with results of qualitative 

data in hopes of finding convergence), (b) complementarity (i.e., seeking clarification of 

the results from one method with findings from the other method), (c) development (i.e., 

using results from one method to inform the other method), (d) initiation (i.e., 

discovering paradoxes and contradictions that aid in the reframing of research questions), 
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and (e) expansion (i.e., using multiple methods for different phases in order to expand the 

breadth and range of a study).  Due to a lack of knowledge as to whether this type of 

software (i.e., classroom capture software) had an effect on student success in online 

mathematics courses, the purpose of this study was two-fold.  First, I compared the 

findings of the success rates of online mathematics students with the perceived effects of 

classroom capture software in hopes to find convergence (i.e., triangulation).  Second, I 

used multiple methods in different phases of the study to expand the breadth and range of 

the effects of using classroom capture software in the online environment (i.e., 

expansion). 

Step 5: Determine Research Questions 

In the present study, I used Plano Clark and Badiee’s (2010) typology to classify 

the research questions.  Plano Clark and Badiee (2010) conceptualized the following 

types of mixed methods research questions: (a) separate research questions, (b) general 

overarching mixed methods research questions, (c) hybrid mixed methods issue research 

questions, (d) mixed methods procedural/ mixing research questions, (e) combination 

research questions, (f) independent research questions, (g) dependent research questions, 

(h) predetermined research questions, and (i) emergent research questions (see Table 4).  

Using Plano Clark and Badiee’s (2010) classification, I utilized combination research 

questions (i.e., at least one mixed research question combined with separate quantitative 

and qualitative questions). 
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Table 4 

Typology of Research Questions 

Classification of Questions Description 

Separate research 
questions 

One or more quantitative research questions coupled with 
one or more qualitative research questions 
 

General overarching 
mixed methods research 
questions 

Broad questions that are addressed using both quantitative 
and qualitative approaches 
 

Hybrid mixed methods 
issue research questions 

One question with two distinct parts such that a 
quantitative approach is used to address one part and a 
qualitative approach is used to address the other part 
 

Mixed methods 
procedural/ mixing 
research questions 

Narrow questions that direct the integration of the 
qualitative and quantitative strands of the study 
 

Combination research 
questions 

At least one mixed methods question combined with 
separate quantitative and qualitative questions 
 

Independent research 
questions 

Two or more research questions that are related, with each 
question not depending on the results of the other 
question(s) 
 

Dependent research 
questions 

Questions that depend on the results stemming from 
addressing another question 
 

Predetermined research 
questions 

Questions based on literature, practice, personal 
tendencies, and/or disciplinary considerations that are 
posed at the beginning of the study 
 

Emergent research 
questions 

New or modified research questions that arise during the 
design, data collection, data analysis, or interpretation 
phase 

Note. From Handbook of mixed methods in social and behavioral research (pp.275-
304), by V. L. Plano Clark and M. Badiee, 2010, CA: Sage.  Copyright 2010 by Sage 
Publications.  Adapted with permission. 
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Quantitative research questions. The following quantitative research question 

was addressed: 

1.  What is the difference in success rates—as defined by overall numeric course 

grade—between community college students who are taught an online mathematics 

course in which classroom capture software is used and community college students who 

are taught an online mathematics course in which classroom capture software is not used? 

Qualitative research questions. The following qualitative research questions 

were addressed: 

2.  What are select online mathematics community college students’ perceptions 

about the effect of classroom capture software on their performance in the online course? 

3.  What are select online mathematics community college instructors’ 

perceptions about the effect of classroom capture software on their students’ performance 

in the online course? 

4.  To what extent are perceptions of select online mathematics community 

college students regarding the effect of classroom capture software on their performance 

in the online course similar to those of their instructors? 

Mixed methods research questions. The following mixed methods research 

questions were addressed in this study 

5.  What is the prevalence of each of the perceived effects of classroom capture 

software by select online mathematics students? 

6.  How are the perceived effects of classroom capture software by select online 

mathematics students related to one another? 
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7.  What is the relationship between online mathematics community college 

students’ self-reported use of classroom capture software and their success in the course? 

8.  What is the prevalence of each of the perceived effects of classroom capture 

software by select online mathematics instructors? 

9.  How are the perceived effects of classroom capture software by select online 

mathematics instructors related to one another? 

Quantitative hypothesis. The following hypothesis was tested in this study: A difference 

is present in overall numeric course grades between community college students who are 

taught an online mathematics course in which classroom capture software is used and 

community college students who are taught an online mathematics course in which 

classroom capture software is not used. 

Significance of the Study 

It was hoped that this study would provide an opportunity to obtain perceptions 

about the effects of classroom capture software from both students and instructors who 

utilized classroom capture software in online mathematics courses.  Because most 

classroom capture software was developed less than 15 years ago (McClure, 2008), a 

limited amount of research was available on classroom capture software.  Research about 

the use of classroom capture software in a traditional classroom (Ford et al., 2012) or 

flipped classroom (i.e., delivering instruction outside of class and bringing homework 

into the classroom; Day, 2008; O’Hanlon, 2010; J. G. Smith, 2012) had been conducted.  

G. A. Smith (2012) conducted a study about the use of recorded lectures for specific 

populations, such as student athletes.  However, there was limited research about the use 

of classroom capture software in a strictly online mathematics environment.  Thus, it was 
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hoped that findings from this study would encourage further research into the use of 

classroom capture software in online mathematics environments.  Also, it was hoped that 

findings from this study would help administrators of community college systems to 

decide whether to invest both time (e.g., training of instructors) and money (e.g., 

purchase of laptop computers or other portable recording devices) in order to incorporate 

classroom capture software in online mathematics courses.  Additionally, it was hoped 

that findings would strengthen the knowledge base of the effectiveness of classroom 

capture software in online mathematics environments. 

Definition of Terms 

Academic credit course. An academic credit course was defined as a college-

level course that, if successfully completed, can be applied toward the number of courses 

required for achieving a degree, diploma, certificate, or other formal award (Texas 

Higher Education Coordinating Board [THECB], 2012b). 

Adjunct instructor. An adjunct instructor was defined as a person who holds a 

non-tenure-track appointment to the teaching staff of an institution (THECB, 2012b).  

Adjunct faculty members generally are part-time employees, with generally narrower 

expectations for involvement with the institution (THECB, 2012b).  They are hired as 

needed, with no guarantees as to continuation of employment (THECB, 2012b). 

Assistant Professor An assistant professor was defined as a faculty member of an 

institution of higher education who ranks above an instructor and below an associate 

professor (THECB, 2012b).  Assistant professors typically are tenured or on a tenure 

track (THECB, 2012b). 
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Associate professor. An associate professor was defined as a faculty member of 

an institution of higher education who ranks above an assistant professor and below a 

professor (THECB, 2012b).  Associate professors are typically tenured or on a tenure 

track (THECB, 2012b). 

Census date. The census date was defined as the official day of record for each 

academic semester.  On this date, public higher education institutions must determine the 

enrollments that qualify to be reported to the Coordinating Board for state reimbursement 

(THECB, 2012b).  The census date also can be referred to as Official Reporting Date 

(ORD).  For fall and spring semesters, it is the 12th class day.  For summer semesters, it 

is the fourth class day.  The count of class days begins on the first day that classes are 

held in the term and includes each calendar day on which classes are normally held at the 

institution (e.g., Monday through Friday) until the official census date is reached.  The 

official census day must be on a day that the Registrar’s office is scheduled to be open so 

that a student will be able to drop or to withdraw from class (THECB, 2012b). 

Classroom capture software. Classroom capture software was defined as a 

computer software that captures classroom-based activities in a digital format that is then 

available for download or consumption over the Internet (McClure, 2008). 

Correspondence course. A correspondence course was defined as an academic 

credit course delivered through distance education that is either paper-based or electronic 

and that is largely self-paced (THECB, 2012b). 

Developmental education. Developmental education was defined as courses, 

tutorials, laboratories, or other efforts to bring students’ skill levels in reading, writing, 

and mathematics to entering college level (THECB, 2012b). 
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Distant education course. A distance education course was defined as a course 

in which a majority (more than 50%) of the instruction occurs when the student(s) and 

instructor(s) are not in the same physical setting (THECB, 2012b).  A distance education 

course can be delivered synchronously or asynchronously to any single or multiple 

location(s) through electronic, correspondence, or other means.  The course may be 

formula-funded or offered through extension, and it may be delivered to on-campus 

students and to students who do not take courses on the main campus.  A fully distance 

education course is a course that may have mandatory face-to-face sessions totaling no 

more than 15% of the instructional time (THECB, 2012b).  Examples of face-to-face 

sessions include orientation, laboratory, exam review, or an in-person examination 

(THECB, 2012b). 

End of semester report. The end-of-semester report reflects the official 

enrollment (students who have not withdrawn or dropped), as of the final day of classes, 

for each semester in Coordinating Board approved courses at universities and 

community, technical, and state colleges (THECB, 2012b). 

Enrollment (preliminary). Enrollment was defined as the uncertified, 

preliminary count of the number of students enrolled in higher education on the 12th day 

of class in a given fall semester (THECB, 2012b).  The figures are requested by the end 

of September in summary form to publish as a comparative report to the prior fall term.  

The preliminary enrollments are replaced by certified enrollments when they become 

available after the official enrollment reports are submitted to the Coordinating Board by 

higher education institutions (THECB, 2012b). 
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Faculty. The term faculty referred to people hired to teach classes at institutions 

of higher education or whose specific assignments are for the purpose of conducting 

instruction, research, or public service as a principal activity (or activities) and who may 

hold academic rank titles of professor, associate professor, assistant professor, instructor, 

other faculty, or the equivalent of any of these academic ranks (THECB, 2012b). 

Grade points earned. Grade points earned was defined as the numerical value 

assigned to letter grades to provide a basis of quantitative determination of an average.  

The grade assignments in a 4-point system are A = 4, B = 3, C = 2, D = 1, and F = 0 in 

non-developmental education courses taken during the reporting period (THECB, 

2012b). 

Hybrid/blended course. A hybrid/blended course was defined as a distance 

education course in which a majority (more than 50% but less than 85%) of the planned 

instruction occurs when the students and instructor(s) are not in the same place (THECB, 

2012b). 

Instructional telecommunication. THECB (2012b) defines instructional 

telecommunication using the following six elements: 

(a) The majority of the instruction occurs when the student and instructor are not 

in the same physical setting.  A class is considered a distance education class if students 

receive more than one half of the instruction at a distance.  Distance education can be 

delivered synchronously or asynchronously to any single or multiple location(s): (i) other 

than the "main campus" of a senior institution (or "on campus"), where the primary office 

of the chief executive officer of the campus is located; (ii) outside the boundaries of the 
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taxing authority of a community/junior college district; or (iii) via instructional 

telecommunications to any other distance location (THECB, 2012b). 

(b) Delivery systems may include, but are not limited to, one or more of the 

following: interactive video, open-channel television, cable television, closed-circuit 

television, low-power television, communication and/or direct broadcast satellite, satellite 

master antenna system, microwave, video tape, video disc, computer software, computer 

networks, and telephone lines (THECB, 2012b). 

(c) The Board retains final authority for the offering of all classes, courses, 

programs, and degrees, and may take whatever action it deems appropriate to comply 

with the law or to maintain a high-quality and cost-effective system of distance education 

and off-campus instruction for the state (THECB, 2012b). 

(i) Each course and program offered under the provisions of this 

subchapter must be within the role and mission of the institution responsible for offering 

the instruction.  Each course must be on the offering institution's inventory of approved 

courses, and each program must be on the offering institution's inventory of approved 

programs (THECB, 2012b). 

(ii) Prior approval may be required before an institution may offer courses 

and programs under the provisions of this subchapter in certain subject area disciplines or 

under other conditions specified by the Board (THECB, 2012b). 

(iii) No doctoral or special professional degree programs may be offered 

via distance education or off-campus instruction without specific prior approval by the 

Board.  The Commissioner may approve delivery to other off-campus sites or via other 
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delivery modes for doctoral or special professional degree programs that have previously 

been approved by the Board for electronic or off-campus delivery (THECB, 2012b). 

(d) A Reception Site is any location that receives instruction via instructional 

telecommunications.  This may include campuses, health agencies, business and 

industrial sites, public schools, homes, or any other locations where students may receive 

instruction (THECB, 2012b). 

(e) Institutions shall not submit for formula funding semester credit hours 

generated through distance education by any student who is not a Texas resident or is not 

physically located in Texas.  In limited cases, exceptions can be approved by the 

Commissioner (THECB, 2012b). 

(f) Instruction delivered out-of-state through distance education to non-Texas 

residents should be treated as extension courses; institutions shall charge appropriate fees 

to cover the cost of instruction (THECB, 2012b). 

Instructor. An instructor was defined as a faculty member of an institution of 

higher education who is tenured or is on tenure-track and who does not hold the rank of 

assistant professor, associate professor, or professor (THECB, 2012b). 

Learning management system. A learning management system (LMS) was 

defined as a software application or Web-based technology used to plan, to implement, 

and to assess a specific learning process.  Typically, a LMS provides an instructor with a 

way to create and to deliver content, to monitor student participation, and to assess 

student performance. It may also provide students with the ability to use interactive 

features such as threaded discussions, video conferencing, and discussion forums (Rouse, 

2005). 
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Lecture. A lecture was defined as an activity in which the faculty member gives 

an oral presentation of facts or principles; students are usually responsible for note taking 

(THECB, 2012b). 

Non-course based developmental education. Non-course-based developmental 

education was defined as including, but was not limited to, such activities as tutoring, 

supervised self-study, and participation in learning assistance centers (THECB, 2012b). 

Overall numeric course grade. Overall numeric course grade was operationally 

defined as the numeric average used in reporting the grade points earned in a course. 

Professor. A professor was defined as a faculty member of an institution of 

higher education who has the highest academic rank and who is typically tenured or is 

on-tenure track (THECB, 2012b). 

Viewing statistics. Finally, viewing statistics (e.g., number of views, number of 

unique views, number of minutes viewed, and most-viewed videos) were defined as 

reports that are available within the analytic tool to instructors who create lecture capture 

videos using the classroom capture software called Panopto CourseCast (2012). 

Delimitations 

This study was conducted at one community college in southeast Texas.  

Therefore, findings were limited to students who were enrolled at the participating 

community college.  Only online students were included.  Strict focus was on the specific 

classroom capture software Panopto (Panopto CourseCast, 2012).  In addition, findings 

were limited to the discipline of mathematics. 
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Limitations 

Several threats to internal and external validity of the findings were identified and 

presented as limitations to this study.  According to Onwuegbuzie (2003b), threats to 

internal and external validity occur at three major stages of the quantitative research 

process: (a) research design/data collection, (b) data analysis, and (c) data interpretation.  

Table 5 provides a summary of the number of threats that were identified at each stage 

during the quantitative research phase.  A visual display of the different types of internal 

and external threats to validity is provided in Figure 3.  At this stage of my research 

process, I only discuss the threats to internal and external validity at the research 

design/data collection phase.  First, I discuss threats to internal and external validity 

during the quantitative phase.  Next, I discuss threats to the internal and external 

credibility during the qualitative phase.  Lastly, I discuss threats to the legitimation of the 

findings in the mixed research phase.  
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Table 5 

Stages of Research Process and Number of Threats to Internal and External Validity in 

the Quantitative Research Phase 

Stage Internal/External Number of Possible Threats 

Research design/data 
collection 

Internal 22 

 External 12 

Data analysis Internal 21 

 External 5 

Data interpretation Internal 8 

 External 3 

Note. From “Expanding the Framework of Internal and External Validity in Qualitative 
Research,” by A. J. Onwuegbuzie, 2003b, Research in the Schools, 10, pp. 74-86. 
Copyright 2003 by the Mid-South Educational Research Association.  Reprinted with 
permission. 
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Figure 3. Major threats to validity at the three major stages of the quantitative research 
process. From “Expanding the Framework of Internal and External Validity in 
Qualitative Research,” by A. J. Onwuegbuzie, 2003b, Research in the Schools, 10(1), p. 
75. Copyright 2003 by the Mid-South Educational Research Association.  Reprinted with 
permission. 

 

Quantitative Phase 

In the quantitative research phase, Onwuegbuzie (2003b) identified 22 internal 

threats to validity and 12 external threats to validity at the research design/data collection 

phase.  A list of these 34 threats is given in Table 6, along with a short description of 

each threat. 
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Table 6 

Quantitative Threats to Internal and External Validity during Research Design/Data Collection Stage 

Type of threat Specific threat Description 

Internal validity History The occurrence of events or conditions that are unrelated to the treatment but that occur at 
some point during the study to produce changes in the outcome measure. 

 Maturation Processes that reside within a study participant due, at least in part, to the passage of time, 
which lead to physical, mental, emotional, and intellectual changes (e.g., aging, boredom, 
fatigue, motivation, and learning) that can be incorrectly attributed to the independent 
variable. 

 Testing Changes that may occur in participants' scores obtained on the second administration or 
post-intervention measure as a result of having taken the pre- intervention instrument. 

 Instrumentation Occurs when scores yielded from a measure lack the appropriate level of consistency (i.e., 
low reliability) and/or validity (i.e., inadequate content-, criterion-, and/or construct-related 
validity). 

 Statistical regression Occurs when participants are selected because of their extremely low or extremely high 
scores on some preintervention measure, wherein there is a tendency for extreme scores to 
regress, or to move toward the mean on subsequent measures. 

 Differential 
selection of 
participants  
(i.e., selection 
bias) 

Substantive differences between two or more of the comparison groups prior to the implementation of 
the intervention. 

(continued) 
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Type of threat Specific threat Description 

 Mortality  
(i.e., attrition) 

Refers to the situation in which participants who have been selected to participate in a 
research study either fail to take part at all or do not participate in every phase of the 
investigation (i.e., drop out of the study)—resulting in the findings being biased. 

 Selection interaction 
effects 

One or more threats to internal validity interacting with the differential selection of participants to 
produce an effect that resembles the intervention effect. For example, a selection by mortality threat 
can occur if one group has a higher rate of attrition than do the other groups, such that discrepancies 
between groups create factors unrelated to the intervention that are greater as a result of differential 
attrition than was the case prior to the start of the investigation.  Other threats include selection by 
history and selection by maturation. 

 Implementation bias Stems from differences in the application of the treatment to the intervention groups as a result of 
differential motivation, time, training, or resources; inadequate knowledge or ability; poor self-
efficacy; implementation anxiety; stubbornness; or poor attitudes among those administering the 
treatment. 

 Sample 
augmentation bias 

Being the opposite of mortality, it prevails when one or more individuals who were not selected by the 
researcher join the study. 

 Behavior bias Occurs when an individual has a strong personal bias in favor of or against the intervention prior to the 
beginning of the study.  It is most often a threat when participants are exposed to all levels of a 
treatment. 

 Order bias When multiple interventions are being compared in a research study, such that all participants are 
exposed to and measured under each and every intervention condition, an order effect can provide a 
threat when the effect of the order of the intervention conditions cannot be separated from the effect of 
the intervention conditions. 

 Observational bias Occurs when the data collectors have obtained an insufficient sampling of the behavior(s) of interest. 

(continued) 
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Type of threat Specific threat Description 

 Researcher bias Occurs when the researcher has a personal bias in favor of one intervention or technique over another, 
which might be subconsciously transferred to the participants in such a way that their behavior is 
affected.  In addition to affecting the behavior of participants, the researcher bias could affect study 
procedures or contaminate data collection techniques. 

 Matching bias Occurs when the matching is non-optimal after (a) the researcher uses the matching techniques to 
select a series of groups of individuals (e.g., pairs) who are similar with respect to one or more 
characteristics, and then assigns each individual within each group to one of the intervention 
conditions; or (b) once participants have been selected for one of the intervention conditions, the 
researcher finds matches for each member of this condition and assigns these matched individuals to 
the other intervention group(s). 

 Treatment 
replication error 

Occurs when researchers collect data that do not reflect the correct unit of analysis, with the most 
common form of treatment replication error being when an intervention is administered once to each 
group of participants or to a few classes or other existing groups, yet only individual outcome data are 
collected—which seriously violates the assumption that each replication of the intervention for each 
and every participant is independent of the replication of the intervention for all other participants in 
the study. 

 Evaluation anxiety Occurs when the performance of one or more participants is affected unduly by debilitating levels of 
anxiety such that systematic error is introduced into the measurement. 

 Multiple-treatment 
interference 

Occurs when the same research participants are exposed to more than one intervention, leading to 
carryover effects from an earlier intervention, making it difficult to assess the effectiveness of a later 
treatment. 

(continued) 
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Type of threat Specific threat Description 

 Reactive 
arrangements  
(i.e., reactivity or 
participant effects) 

Changes in a participant's response(s) that can occur as a direct result of being cognizant that he/she is 
participating in a research investigation, comprising the following five major components: (a) the 
Hawthorne effect (i.e., when participants interpret their receiving an intervention as being given 
special attention, confounding the effects of the intervention); (b) the John Henry effect (i.e., when on 
being informed that they will be in a control group, participants selected for this condition decide to 
compete with the treatment or intervention by exerting extra effort during the study period); (c) 
resentful demoralization (i.e., participants in the control group becoming resentful about not receiving 
the intervention, interpreting this omission as a sign of being ignored or disregarded, and becoming 
demoralized, thereby leading to a reduction in effort expended and ensuing decrements in 
performance or other outcomes); (d) the novelty effect (i.e., increased motivation, interest, or 
participation on the part of study participants merely because they are undertaking a different or novel 
task, thereby affecting the responses in a way that is not related to the independent); and (e) the 
placebo effect (i.e., participants in the control group attaining more favorable outcomes [e.g., more 
positive attitudes, higher performance levels] merely because they believed they were in the 
intervention group). 

 Treatment diffusion Occurs when members in different intervention groups communicate with each other, such that some 
of the treatment seeps out or diffuses into the control group—resulting in the study no longer having 
two or more distinctly different interventions, but overlapping interventions—thereby violating the 
assumption of independence. 

 Time x treatment 
interaction 

Occurs when (a) individuals in one group are exposed to an intervention for a longer period of time 
than are individuals receiving another intervention in such a way that this differentially affects group 
members’ responses to intervention, (b) participants in different groups receive their respective 
interventions for the same period of time, but one of these interventions needs a longer period of time 
for any positive effects to be realized; or (c) the post-measure for one of the intervention groups is 
delayed long enough for the effect of the intervention to have changed. 

(continued) 
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Type of threat Specific threat Description 

 History x treatment 
interaction 

Occurs when the interventions being compared experience different history events that differentially 
affect group members’ responses to the intervention. 

External validity Population validity Extent to which findings are generalizable from the sample of individuals on which a study was 
conducted to the population from which the sample was drawn. 

 Ecological validity Extent to which findings from the study can be generalized across settings, conditions, variables, and 
contexts—thereby representing the extent to which findings from a study are independent of the 
setting or location in which the investigation took place. 

 Temporal validity Extent to which research findings can be generalized across time—or the extent that results are 
invariant across time. 

 Multiple-treatment 
interference 

A threat to external validity inasmuch as the order that the treatments or interventions are administered 
(i.e., sequencing effect) reduces a researcher’s ability to generalize findings to the population because 
generalization typically is limited to a particular sequence of interventions that was administered. 

 Researcher bias The more unique the researcher’s characteristics and values that influence the data collected, the last 
generalizable the findings. 

 Reactive 
arrangements 

The five components of reactive arrangements adversely affect external validity because, in their 
presence, findings pertaining to the intervention are determined by which of these components prevail. 

 Order bias The extent to which findings resulting from a particular order of administration of treatments or 
interventions cannot be generalized to situations in which the sequence of interventions is different. 

 Matching bias Extent to which findings from the match participants cannot be generalized to the results that would 
have occurred among individuals in the assessable population for whom a match could not be found 
(i.e., individuals in the sampling frame who were not selected for the study). 

(continued) 
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Type of threat Specific threat Description 

 Specificity of 
variables 

Occurs when one of the seven variables are so unique to the study that the findings are not 
generalizable: type of participants, time, location, circumstance, operational definition of the 
independent variables, operational definition of the dependent variables, and types of instruments 
used. 

 Treatment diffusion Extent to which the intervention is diffused to other treatment conditions in a unique (i.e., 
unreplicable) way that threatens the researcher’s ability to generalize the findings. 

 Pretest x treatment 
interaction 

Situations in which the administration of a pretest increases or decreases the participants’ 
responsiveness or sensitivity to the intervention or treatment, thereby making the observed findings 
pertaining to the pretested group unrepresentative of the effects of the independent variable for the 
unpretested population from which the study participants were selected—allowing the researcher to 
generalize the findings to pretested groups but not to unpretested groups. 

 Selection x treatment 
interaction 

Stems from important pre-intervention differences between intervention groups that emerge because 
the intervention groups are not representative of the same underlying population—making it 
unjustifiable for the researcher to generalize the results from one group to another group. 

Note. From “Expanding the Framework of Internal and External Validity in Qualitative Research,” by A. J. Onwuegbuzie, 2003b, 
Research in the Schools, 10(1), pp. 74-86. Copyright 2003 by the Mid-South Educational Research Association.  Adapted with 
permission. 
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Threats to internal validity at the research design/data collection stage. Cook 

and Campbell (1979) referred to internal validity as the researcher’s ability to make an 

inference that a causal relationship exists between variables.  In the study, I identified 12 

possible threats to internal validity at the research design/data collection stage of the 

quantitative phase: (a) history, (b) maturation, (c) instrumentation, (d) differential 

selection of participants, (e) mortality, (f) selection interaction effects, (g) 

implementation bias, (h) behavior bias, (i) observational bias, (j) researcher bias, (k) 

treatment diffusion, and (l) time by treatment interaction (Onwuegbuzie, 2003b).  For 

each identified internal threat, I provided an attempt to mitigate the threat in the study. 

The first identified threat to internal validity was a threat due to history.  This 

threat “refers to the occurrence of events or conditions that are unrelated to the treatment 

but that occur at some point during the study to produce changes in the outcome 

measure” (Onwuegbuzie, 2003b, p. 74).  Data were collected for the study spanning a 

period of 1 year.  During the year of study, the college of interest formed both student 

and instructor committees to help search for a new learning management system and a 

new classroom capture software company.  Making students and instructors aware of the 

benefits and challenges of classroom capture software might have threatened the internal 

validity of the findings. 

Maturation was the second identified threat to internal validity.  This threat 

referred to “the processes that operate within a study participant due, at least in part, to 

the passage of time” (Onwuegbuzie, 2003b, p. 74).  Because students were learning 

within an educational setting in an online mathematics course, maturation was a concern.  

Some students could potentially have enrolled in online mathematics courses during 
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different semesters of the year of interest.  These consecutive enrollments could have 

posed a threat due to maturation. 

The internal threat of instrumentation was identified as the third threat to internal 

validity.  This threat “occurs when scores yielded from a measure lack the appropriate 

level of consistency (i.e., low reliability) and/or validity (inadequate content-, criterion-, 

and/or construct-related validity)” (Onwuegbuzie, 2003b, p. 76).  The assigning of grades 

posed a threat of instrumentation.  To minimize this threat, I required all instructor 

participants to grade a common examination.  This helped determine whether the 

assigning of final course grades was consistent among the instructors. 

Differential selection of participants (i.e., selection bias) was the fourth identified 

threat to internal validity.  This threat occurs when there are pre-existing differences 

among the groups being compared “prior to the implementation of the intervention” 

(Onwuegbuzie, 2003b, p. 76).  Selection bias was a threat to this study because students 

in previously formed classes were utilized.  To minimize the selection bias, I compared 

findings by select subgroups (e.g., level of mathematics, students who successfully 

completed the online mathematics course).  This allowed me to assess the invariances of 

the findings. 

The fifth identified threat to internal validity was a threat due to mortality (i.e., 

attrition).  This threat occurs when participants in the study either drop out of the study or 

fail to participate in all phases of the investigation and the differences between groups 

cannot be accurately attributed to the treatment (Onwuegbuzie, 2003b).  The high drop-

out rate of online courses in general (Berge & Huang, 2004; Smith & Ferguson, 2005) 

made mortality a threat to the study.  Characteristics of students who were initially 
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enrolled in an online mathematics course but either dropped the course or were dropped 

by the instructor on or before the official drop date were documented.  These 

characteristics were examined to determine whether any trends existed among those 

students who dropped or were dropped. 

Selection interaction effects was the sixth identified threat to internal validity.  

When a threat to internal validity interacts with the selection bias, it produces an effect 

that can resemble the intervention effect (Onwuegbuzie, 2003b).  Some student 

participants might have grown as an online student due to gaining more experience in the 

online environment over time.  Thus, a selection by maturation threat posed a threat to 

internal validity. 

The seventh threat, implementation bias, was “one of the most frequent and 

pervasive threats to internal validity at the data collection stage” (Onwuegbuzie, 2003b, 

p. 77).  This threat occurs when instructors are utilized to implement the treatment.  As 

the number of instructors involved increased, so did the likelihood that some of the 

instructors would not implement the treatment to its fullest extent (Onwuegbuzie, 2003b).  

Some of the instructor participants were more knowledgeable about classroom capture 

software than were others.  The lack of knowledge “might stem from lack of motivation, 

time, training, or resources; inadequate knowledge or ability; poor self-efficacy; 

implementation anxiety; stubbornness; or poor attitudes” (Onwuegbuzie, 2003b, p. 77).  

These differences led to the intervention not being followed in the intended manner.  I 

addressed each instructor’s self-reported knowledge level of classroom capture software 

in the form of a question during the instructor’s interview.  The goal of this question was 

to differentiate the different knowledge levels of classroom capture software in order to 
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determine whether implementation bias was a threat.   Additionally, differences in online 

teaching experiences among instructors participating in the different groups posed a 

threat to internal validity.  A question about online teaching experiences was included in 

each instructor’s interview. 

Behavior bias was the eighth identified threat to internal validity.  This threat 

occurs when a participant has a strong personal bias in favor of or against the treatment 

prior to the start of the study (Onwuegbuzie, 2003b).  Because some students were 

exposed to classroom capture software in other courses, they might have had stronger 

beliefs about using/not using classroom capture software.  This bias threatened the 

internal validity of the findings. 

The ninth identified threat to internal validity was a threat due to observational 

bias.  This threat occurs when the researcher has obtained an insufficient sampling of the 

behavior(s) of interest due either to the observation not being persistent or a lack of 

prolonged engagement (Onwuegbuzie, 2003b).  I attempted to minimize this threat by 

using grades from all students who completed each online mathematics course. 

Researcher bias, the 10th identified threat to internal validity, occurs when the 

researcher has personal experience with the treatment and prefers one technique over 

another (Onwuegbuzie, 2003b).  I was aware of my experience with classroom capture 

software and the possibility of researcher bias.  To minimize this threat, I collected 

numerical data (i.e., course grades) that had already been reported.  Additionally, all 

groups of classroom capture software usage were represented. 

Treatment diffusion (i.e., seepage effect) was the 11th identified threat of internal 

validity.  This threat occurs when participants in different groups communicate with each 
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other (Onwuegbuzie, 2003b).  I was unable to control whether or not students who were 

enrolled in different online mathematics courses communicated with each other.  The 

possibility existed that students who were enrolled in a course that used classroom 

capture software spoke to students enrolled in different online courses.  However, the 

sharing of his or her experiences with other students should not have had an impact on his 

or her overall course grade (i.e., each participant in the study was ultimately responsible 

for earning his or her overall course grade). 

The last identified threat to internal validity was time by treatment interaction.  

This threat occurs when participants in one group are exposed to a treatment for a longer 

period of time than are participants in the other group (Onwuegbuzie, 2003b).  

Participants in the fall and spring semesters were exposed to classroom capture software 

for a longer amount of time than participants in the summer semester.  Consequently, 

some participants had more time to become more familiar with the usage of classroom 

capture software. 

Threats to external validity at the research design/data collection stage. 

External validity is defined as “the extent to which experimental findings can be 

generalized beyond the original study” (Springer, 2010, p. 189).  In the study, I identified 

four possible threats to external validity at the research design/data collection stage of the 

quantitative phase: (a) population validity, (b) ecological validity, (c) temporal validity, 

and (d) specificity of variables (Onwuegbuzie, 2003b).  For each identified external 

threat, I provided an attempt to mitigate the threat in the study. 

Onwuegbuzie (2003b) identified population validity and ecological validity as 

two threats to external validity that could not be excluded as possible threats due to the 
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fact that all samples were subject to sampling error.  Population validity refers to the 

generalizability of the findings from the sample of interest to the larger target population; 

ecological validity refers to the generalizability of the findings “across settings, 

conditions, variables, and contexts” (Onwuegbuzie, 2003b, p. 80).  Characteristics of the 

participants were reported.  Moreover, caution was given to readers not to overgeneralize 

the results from the study. 

Temporal validity was the third identified threat to external validity.  This threat 

refers to the generalizability of the findings across time (Onwuegbuzie, 2003b).  Because 

this study was conducted over a period of 1 year, temporal validity was considered.  

Specifics of the period of time used to collect the data were discussed and reported. 

Specificity of variables was the last identified threat to external validity.  This 

threat “is a threat to external validity in almost every study” (Onwuegbuzie, 2003b, p. 

81).  Because the study utilized a specific sample of online mathematics students during a 

specific time period at a specific college using specific instruments to measure all the 

variables, specificity of variables was a threat.  To minimize this threat, I “operationally 

define[ed] variables in a way that [had] meaning outside of the study setting and exercise 

extreme caution in generalizing findings” (Onwuegbuzie, 2003b, p. 81). 

Qualitative Phase 

In the qualitative research phase, 14 threats to internal credibility and 14 threats to 

external credibility have been identified by Onwuegbuzie and Leech (2007b).  Figure 4 

provides a visual representation for the qualitative legitimation model.  A list of internal 

and external threats to credibility in the qualitative phase for the study, along with a short 

description of each threat, is provided in Table 7. 
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Figure 4. Qualitative legitimation model. From “Validity and Qualitative Research: An 
Oxymoron?” by A. J. Onwuegbuzie and N. L. Leech, 2007b, Quantity & Quality: 
International Journal of Methodology, 41, p. 234.  Copyright 2006 by Springer.  
Reprinted with permission. 
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Table 7 

Qualitative Threats to Internal and External Validity during Research Design/Data Collection Stage 

Internal/External Specific threat Description 

Internal  
credibility 

Ironic legitimation Rests on the assumption that there are multiple realities of the same phenomenon such that the 
truth value of the research depends on its ability to reveal co-existing opposites 

 Paralogical legitimation Represents that aspect of validity that reveals paradoxes 

 Rhizomatic legitimation Stems from mapping and not merely from describing data 

 Voluptuous legitimation Assesses the extent to which the researcher’s level of interpretation exceeds her/his knowledge 
base stemming from the data 

 Descriptive validity Refers to the factual accuracy of the account (e.g., transcripts obtained via an interview, focus 
group) as documented by the researcher (cf. Maxwell, 1992, 2005) 

 Structural corroboration Researcher utilizes multiple types of data to support or to contradict the interpretation 

 Theoretical validity Represents the degree to which a theoretical explanation developed from research findings fits the 
data, and thus, is credible, trustworthy, and defensible 

 Observational bias Occurs when the researchers have obtained an insufficient sampling from the study 
participant(s)—stemming from a lack of persistent observation or prolonged engagement (Lincoln 
& Guba, 1985) 

 Researcher bias Occurs when the researcher has personal biases or a priori assumptions that he/she cannot bracket 
(i.e., suspend), which the researcher might subconsciously transfer to the participants in such a 
manner that their attitudes, behaviors, or experiences are affected; or the researcher could affect the 
study procedures (e.g., ask leading questions in an interview) or even contaminate data collection 
techniques 

(continued)
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Internal/External Specific threat Description 

 Reactivity Involves changes in a participant’s responses that arise from being aware that he/she is 
participating in a research study 

 Confirmation bias The tendency for interpretations and conclusions based on new data to be overly congruent with a 
priori hypotheses; the threat exists when there exists at least one plausible rival explanation to 
underlying findings that might be demonstrated to be superior if given the opportunity 

 Illusory correlation Represents a tendency to identify a relationship among events, people, and the like, when no such 
relationship actually prevails 

 Causal error Occurs when researchers provide causal explanations and attributions for observed behaviors and 
attitudes without attempting to verify such interpretations 

 Effect size Occurs when numerical data are converted into narrative data that can be analyzed qualitatively 

External  
credibility 

Catalytic validity The degree to which a given research study empowers and liberates a research community 

 Communicative validity Involves testing the validity of knowledge claims in a discourse 

 Action validity Justification of the validity of the research is based on whether or not it works 

 Investigation validity The quality of craftsmanship, in which validity is the researcher’s quality control 

 Interpretive validity Refers to the extent to which a researcher’s interpretation of an account represents an 
understanding of the perspective of the group under study and the meanings attached to their 
words and actions 

 Evaluative validity Refers to the extent to which an evaluation framework can be applied to the objects of study, 
rather than a descriptive, interpretive, or explanatory one 

(continued)
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Internal/External Specific threat Description 

 Consensual validity Stems from the opinion of others, with “an agreement among competent others that the 
description, interpretation, and evaluation and thematics of an educational situation are right” 
(Eisner, 1991, p. 112) 

 Population generalizability Occurs when researchers attempt to generalize findings across different populations 

 Ecological generalizability Occurs when researchers attempt to generalize findings across different locations 

 Temporal generalizability Occurs when researchers attempt to generalize findings across different settings, contexts, and/or 
times 

 Researcher bias Threatens external credibility because the particular type of bias of the researcher may be so 
unique as to make the interpretations of the data ungeneralizable 

 Reactivity Poses a threat to external credibility because it is not clear whether the observed findings would be 
the same if this threat had not prevailed, thereby threatening the generalizability of the results 

 Order bias Occurs when the order of the questions that are posed in an interview or focus group or the order 
in which observations are made unduly affects the dependability and confirmability of the data 

 Effect size Failure to consider the effect size or the meaningfulness of an interpretation 

Note. From “Validity and Qualitative Research: An Oxymoron?” by A. J. Onwuegbuzie and N. L. Leech, 2007b, Quantity & 
Quality: International Journal of Methodology, 41, pp. 235-246.  Copyright 2006 by Springer.  Adapted with permission. 
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Threats to internal credibility. Onwuegbuzie and Leech (2007b) defined 

internal credibility as “the truth value, applicability, consistency, neutrality, 

dependability, and/or credibility of interpretations and conclusions within the underlying 

setting or group” (p. 234).  In the study, I identified three threats to internal credibility: 

(a) observational bias, (b) researcher bias, and (c) reactivity (Onwuegbuzie & Leech, 

2007a).  Each threat to internal credibility has been discussed below. 

Observational bias was identified as the first threat to internal credibility.  In the 

research design/data collection stage, this threat occurs when the researcher collects an 

insufficient sampling of participants’ behaviors or words (Onwuegbuzie, 2003b).  In 

order to minimize this threat, I obtained a sufficient amount of data during the qualitative 

phase of the study.  During each interview, I asked follow-up questions and visited each 

main question at least twice in order to ensure rich data collection.  If participants 

provided responses that were unclear to me, I asked for further clarification. 

Researcher bias was identified as the second threat to internal credibility.  This 

threat occurs when the researcher has prior knowledge or personal biases that interfere 

with the actions of the participant or the study procedures (Onwuegbuzie, 2003b).  As the 

researcher, I was the “primary instrument” (p. 2) for collecting, analyzing, and 

interpreting data in the qualitative phase (Onwuegbuzie et al., 2008).  Consequently, 

researcher bias could not be avoided.  Because I had used classroom capture software 

extensively in online mathematics courses, I had to be aware of asking leading questions 

during the interviews.  To help minimize the threat of researcher bias, I participated in a 

debriefing interview (Onwuegbuzie et al., 2008).  After I conducted the first interview, I 

participated in debriefing the interpretive researcher (i.e., one of six types of debriefing 
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in qualitative research; Onwuegbuzie et al., 2008).  The goal of this debriefing was to 

encourage reflection on the part of the researcher (Onwuegbuzie et al., 2008).  The 

debriefing interviewer was a knowledgeable second party that was removed from—but 

still familiar with—the study (e.g., the chair of my committee).  The debriefing 

interviewer was given the interview transcript prior to conducting the debriefing 

interview, to enable the debriefing interviewer to generate additional and follow-up 

questions to ask the researcher (Onwuegbuzie et al., 2008). 

Reactivity was identified as the third threat to internal credibility.  This threat 

occurs when a participant’s response is altered because he or she is aware of participation 

in the research study (Onwuegbuzie & Leech, 2007b).  This threat can lead to (a) the 

Hawthorne effect (i.e., an effect due to a participant’s belief that he or she is receiving 

special attention), or (b) the novelty effect (i.e., an effect due to the introduction of a novel 

stimuli) (Onwuegbuzie & Leech, 2007b).  Because only a small number of students were 

interviewed in this study, there was a possibility that the students selected for interviews 

would feel special—thereby increasing the possibility of the Hawthorne effect.  To 

minimize the Hawthorne effect, participants were not informed of how many interviews 

were conducted.  Interviews were audio and video taped—thereby increasing the 

possibility of the novelty effect.  To minimize the novelty effect, the audio recorder was 

small and inconspicuous.  Additionally, the video recorder was placed beside the 

instructor participant, so as to be out of the participant’s peripheral vision.  The video 

recorder was not seen by the student participant due to screen capture software being 

utilized as the video recorder. 
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Threats to external credibility. Onwuegbuzie and Leech (2007b) defined 

external credibility as “the degree that the findings of a study can be generalized across 

different populations of persons, settings, contexts, and times” (p. 235).  In the study, I 

identified four threats to external credibility: (a) interpretive validity, (b) researcher bias, 

(c) reactivity, and (d) order bias (Onwuegbuzie & Leech, 2007b).  Each threat to external 

credibility has been discussed below. 

Interpretive validity was identified as the first threat to external credibility.  This 

threat “refers to the extent to which a researcher’s interpretation of an account represents 

an understanding of the perspective of the group under study and the meanings attached 

to their words and actions” (Onwuegbuzie & Leech, 2007b, p. 238).  To help minimize 

this threat, I engaged in member checking/informant feedback (i.e., allowing participants 

the opportunity to assess the credibility of the account) (Onwuegbuzie & Leech, 2007b). 

Researcher bias was discussed previously as a threat to internal credibility.  It 

also posed a threat to external credibility because “the particular type of bias of the 

researcher may be so unique as to make the interpretations of the data ungeneralizable” 

(Onwuegbuzie & Leech, 2007b, p. 238).  To minimize researcher bias, I participated in a 

debriefing interview (Onwuegbuzie et al., 2008), left an audit trail (i.e., maintained 

extensive documentation of records and data from the study) (Onwuegbuzie & Leech, 

2007b), and wrote self-reflections (Moustakas, 1994). 

Reactivity was discussed previously as a threat to internal credibility.  It also 

posed a threat to external credibility because “it is not clear whether the observed 

findings would be the same if this threat had not prevailed, thereby threatening the 

generalizability of the results” (Onwuegbuzie & Leech, 2007b, p. 238).  As previously 
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discussed, I attempted to minimize both the Hawthorne effect and the novelty effect.  

However, these effects could not be completely eliminated and, thus, posed a threat to 

external credibility to some extent. 

The last identified threat to external credibility was order bias.  This threat occurs 

when the order of the questions that are posed in an interview or the order in which 

observations are made unduly affects the dependability and confirmability of the data 

(Onwuegbuzie & Leech, 2007b).  Predetermined interview questions were ordered prior 

to the first interview.  During each interview, I revisited each concept after the 

predetermined questions were asked.  Follow-up questions were asked to help gather 

richer data.   

Mixed Research Phase 

Onwuegbuzie and Johnson (2006) identified nine types of legitimation in their 

typology of legitimation in mixed research.  Table 8 provides a list of possible threats to 

legitimation in the mixed research phase, along with a short description of each threat.  In 

the study, I identified four possible threats to legitimation: (a) inside-outside, (b) 

weakness minimization, (c) conversion, and (d) multiple validities (Onwuegbuzie & 

Johnson, 2006). 
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Table 8 

Mixed Research Threats to Legitimation during Research Design/Data Collection Stage 

Specific threat Description 

Sample integration The extent to which the relationship between the quantitative and 
qualitative sampling designs yields quality meta-inferences. 

Inside-outside The extent to which the researcher accurately presents and appropriately 
utilizes the insider’s view and observer’s view for purposes such as 
description and explanation. 

Weakness 
minimization 

The extent to which the weakness from one approach is compensated by 
the strengths of the other approach. 

Sequential The extent to which one has minimized the potential problem wherein the 
meta-inferences could be affected by reversing the sequence of the 
quantitative and qualitative phases. 

Conversion The extent to which the quantitizing or qualitizing yields quality meta-
inferences. 

Paradigmatic 
mixing 

The degree to which the mixed researcher reflects on, understands, and 
documents his or her ‘integrated’ mixed research philosophical and 
methodological paradigm, including his or her epistemological, 
ontological, axiological, methodological, and rhetorical beliefs about mixed 
research. 

Commensurability The extent to which the meta-inferences made in a mixed research study 
reflect a mixed worldview.  It is based on the cognitive process of Gestalt 
switching and integration into a new “mixed” worldview.  This new 
viewpoint is not possible for some individuals without extensive training, 
but can usually be obtained via an open-minded “mixed team” of 
researchers. 

Multiple validities The extent to which addressing legitimation of the quantitative and 
qualitative components of the study results from the use of quantitative, 
qualitative, and mixed validity types, yielding high quality meta-inferences. 

Political The extent to which a mixed researcher appropriately addresses the 
interests, values, and standpoints of multiple stakeholders in the research 
process.  One should be extra sensitive to the needs of stakeholders with 
minimal power and voice. 

Note. From “The Validity Issue in Mixed Research,” by A. J. Onwuegbuzie and R. B. 
Johnson, 2006, Research in the Schools, 13, p. 57.  Copyright 2006 by the Mid-South 
Educational Research Association.  Adapted with permission. 
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When analyzing data, a researcher must be aware of both the emic viewpoint (i.e. 

the viewpoint of the group member) and the etic viewpoint (i.e., the viewpoint of the 

researcher who is studying a group).  Inside-outside legitimation references the “degree 

to which the researcher accurately presents and utilizes the insider’s view and the 

observer’s view” (Onwuegbuzie & Johnson, 2006, p. 58).  To maximize the insider (i.e., 

emic) viewpoint, I used member checking after I transcribed each interview.  To 

maximize the outside (i.e., etic) viewpoint, I had my committee members examine my 

interpretations of the relationship between the data and conclusions that I made.  As both 

a researcher and an online mathematics instructor, I presented my insider knowledge and 

experiences of teaching mathematics in the online environment while I maintained my 

outsider perspective as I gained new insights and understanding from themes that 

emerged from the data.  In my study, I had an “emtic” perspective, which Onwuegbuzie 

(2012, p. 205) coined to refer to the place where emic (i.e., insider) and etic (i.e., 

outsider) viewpoints are maximally interactive. 

A mixed researcher designs a study that combines both quantitative and 

qualitative methods in a way that “the weakness from one approach can be compensated 

by the strengths from the other approach” (Onwuegbuzie & Johnson, 2006, p. 58).  This 

process is referred to as weakness minimization legitimation (Onwuegbuzie & Johnson, 

2006).  I utilized a sequential design, in which I used the findings in my qualitative phase 

to explain better the findings in my quantitative phase. 

Inferences and meta-inferences were made from data that had been qualitized 

(i.e., transformation of qualitative data into numerical codes that could be analyzed 

statistically; Tashakkori & Teddlie, 1998) and/or quantitized.  Conversion legitimation is 
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defined as “the extent to which these data conversion techniques lead to interpretable data 

and high inference quality” (Onwuegbuzie & Johnson, 2006, p. 58).  Data collected from 

responses to open-ended questions during interviews were quantitized.  I obtained counts 

of themes that emerged after analyzing data from the qualitative phase in order to avoid 

over-weighting or under-weighting emergent themes (Sandelowski, 2001). 

Because mixed methods research has both quantitative and qualitative 

components, the problem of legitimation (i.e., “the difficulty in obtaining and/or making 

inferences that are credible, trustworthy, dependable, transferable, and/or confirmable” p. 

52) in mixed methods research has the potential to have an additive or a multiplicative 

effect (Onwuegbuzie & Johnson, 2006).  Multiple validities legitimation references the 

“extent to which all relevant research strategies are utilized” (Onwuegbuzie & Johnson, 

2006, p. 59).  Threats to validity of the findings stemming from quantitative, qualitative, 

and mixed research components of the study were addressed as thoroughly as possible 

throughout the study. 

Assumptions 

An assumption of this study was that both instructor participants and student 

participants responded to the interview questions with honesty and accuracy.  Failure to 

meet this assumption would have resulted in data that were not trustworthy.  Another 

assumption was that the usage statistics reported by Panopto CourseCast (2012) were 

accurate and reliable. 

Organization of Remaining Chapters 

A review of the related research literature on advancements in technology—

specifically, classroom capture software—as it related to the online mathematics 
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environment is provided in Chapter 2.  To conduct the literature review, I searched data 

bases and professional websites to collect information related to this research study.  

Information about the sampling design, participants, research design, data collection, 

instrumentation, procedures, and data analyses is included in Chapter 3. 
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CHAPTER II 

Review of Related Literature 

A literature review was conducted to help familiarize the researcher with the 

information that was pertinent and available relative to the topic of this study.  There are 

differing schools of thought as to whether or not a literature review differs for 

quantitative and qualitative research studies.  According to Johnson and Christensen 

(2102), an extensive search for literature should be conducted prior to conducting a 

quantitative research study in order to gain an understanding of the current knowledge 

base that is available.  However, for a qualitative research study, Johnson and Chistensen 

(2012) acknowledge that a literature review can be conducted (a) before the data are 

collected or (b) after the data have been collected in order to set aside preconceived 

notions from published literature.  In contrast to Johnson and Christensen’s view, 

Onwuegbuzie and Frels (2016) state 

Quite often, authors of textbooks misrepresent the literature review by stating that 

the literature review is different depending on the type of primary study that is intended 

to be conducted, with the literature review particularly being different for quantitative 

and qualitative research studies. (p. 9) 

Because (a) this study was classified as mixed methods research study and (b) I 

did not believe in the dichotomization of the literature review, I chose to conduct a 

thorough review of literature for both the quantitative and qualitative components before 

I collected the data. 

The purpose of this study was two-fold: (a) to compare the findings of the success 

rates of online mathematics students with the perceived effects of classroom capture 



59 

 

software in the hope of finding convergence, and (b) to expand the breadth and range of 

the effects of using classroom capture software in the online environment.  Searches for 

literature related to this study were conducted using Academic Search Complete (i.e., a 

full text database), Education Resource Information Center (ERIC), EBSCO Host, 

ProQuest Dissertation and Theses (i.e., full text dissertations and master theses), Google 

Scholar, and professional websites.  The searches helped to identify journal articles, 

reports, studies, and information related to this study.  The literature review for this study 

was categorized into the following four major sections: (a) Innumeracy, (b) Mathematics 

Education, (c) History and Advances in Technology in Relation to Education, and (d) 

Online Education.  The process that I used to obtain literature differed for each of the 

four major sections. 

Each of the four major sections of the literature review was divided into 

subsections.  As the researcher, my focus in the first major section (i.e., Innumeracy) was 

to define innumeracy and to discuss the effects of innumeracy at both the global level and 

national level.  The initial search was conducted in Google using the key word 

innumeracy.  John Allen Paulos’s book Innumeracy was referenced in four of the first six 

links that resulted from the initial search.  The remainder of the first major section of the 

literature review contained two subsections that discussed the concept of innumeracy at 

the global level and the national level.  Information pertaining to the Organization for 

Economic Cooperation and Development was obtained from a professional website (i.e., 

www.oecd.org). 

The second major section (i.e., Mathematics Education) was divided into four 

subsections: (a) K-12 Schools—National Level in the United States; (b) K-12 Schools—
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State Level in Texas; (c) Higher Education in Texas; and (d) Teaching Mathematics in 

Face-to-Face Classrooms.  I primarily utilized the U.S. Department of Education’s 

professional website (i.e., www.ed.gov) to locate information pertinent to K-12 schools at 

the national level in the United States.  An understanding about K-12 schools was 

necessary prior to discussing community colleges in Texas.  I included a subsection 

specific to K-12 schools in the state of Texas in order to explain current graduation 

requirements of high school students in Texas.  Most information in this subsection was 

obtained from the professional website for Texas education in public schools (i.e., 

www.tea.texas.gov).  Because the participants in this research study included students 

and faculty members at a select community college in Texas, information specific to 

current practices and policies in Texas higher education was discussed in greater depth.  

There were seven Level 3 headings in this subsection: (a) college readiness, (b) role of 

the Texas Higher Education Coordinating Board, (c) Texas Success Initiative, (d) 

developmental education, (e) dual credit, (f) Texas core curriculum, and (g) students with 

disabilities.  Information pertaining to the Level 3 headings was obtained primarily from 

key word searches in Google (e.g., developmental education in Texas, new mathways 

project, Texas core curriculum) and professional websites (e.g., www.thecb.state.tx.us).  

The last subsection discussed the similarities of teaching of mathematics in face-to-face 

classrooms, regardless of age of the student (i.e., elementary, secondary, higher 

education). 

Because this research study took place in a specialized educational setting, I 

included the third major section (i.e., History and Advances in Technology in Relation to 

Education) in an attempt to summarize the advancements that have helped online 
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mathematics education to arrive at its current state.  This major section contained five 

subsections: (a) History and Evolution of the Calculator, (b) History and Evolution of 

Computers, (c) History and Evolution of the Internet, (d) History and Evolution of 

Textbooks/eBooks, and (e) History and Evolution of the Registration Process in Higher 

Education.  Searches in Google and Google Scholar were performed to locate relevant 

facts and dates specific to the history and evolution of calculators, computers, the 

Internet, and textbooks/eBooks.  Multiple websites and articles were utilized to cross-

reference and to confirm specific dates and events. 

The discussion of both the construct of mathematics in higher education and the 

evolution of technology in relation to higher education was necessary prior to discussing 

the final major section (i.e., Online Education).  The final section of the literature review 

contained three subsections: (a) History and Evolution of Distance Learning and 

Learning Management Systems, (b) Advantages and Challenges of the Online Format 

from the Student Perspective, and (c) Challenges of Teaching Online Mathematics.  A 

key component of this research study involved the use of classroom capture software in 

the online mathematics classroom.  Because classroom capture software was developed 

in the mid-2000s, there was limited research available that pertained to the study.  When I 

first initiated searches in 2013, the first search in Academic Search Complete using the 

key phrase classroom capture yielded 59 articles.  During the next 3 years, searches in 

databases were expanded to include new key words such as educational technology and 

online learning.  A summary of the literature review concludes this chapter. 
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Innumeracy 

We begin teaching our children how to count at a young age.  Parents are excited 

to hear their child count to 10 for the first time, and they brag to family and friends when 

their child understands how to perform simple addition.  Then a shift occurs—a shift 

from an excitement about grasping the basic understanding of numbers to an acceptance 

of the lack of understanding of basic mathematical concepts.  This lack of understanding 

can have an impact on how individuals function in society. 

We live in the Information Age.  Merriam-Webster defines the Information Age 

as the current era that is characterized by the abundance of information that is quickly 

and widely disseminated and easily available especially through the use of computer 

technology (Information Age, n.d.).  We are surrounded by an abundance of information 

in both our personal and professional lives—from Internet sites, news reports, television, 

spreadsheets, and other sources.  This information contains numbers, charts, graphs, data, 

statistics, and other quantitative information.  In order to interpret and to understand the 

wealth of information, one must have both verbal literacy and quantitative literacy (Steen, 

1999).  Quantitative literacy skills are fundamental for citizens to make informed 

decisions about major public issues (e.g., health care, Social Security, welfare reform) 

and daily life (e.g., buying a home, managing expenses, retirement planning) (Steen, 

1999).  In our number-driven society, quantitative methods have become the most 

prevalent form of acceptable evidence in every area of public life (Steen, 1999). 

The notion of numeracy dates back to the 1960s during the post-Sputnik era 

(Green, 2014).  However, the term innumeracy was popularized by John Allen Paulos.  

Paulos (2001) defined innumeracy as the “inability to deal comfortably with the 
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fundamental notions of number and chance” (p. 3).  Paulos (2001) provided several traits 

of innumerate people, and the consequences of innumeracy that society faces as a whole 

in an attempt to raise public awareness of the issue. In 2016, the proposed U.S. Federal 

Budget for 2017 was reported to be $1,149 billion (Budget of the U.S. Government, 

2016).  Paulos (2001) stated that innumerate people tend to lack understanding of large 

numbers.  If this statement is true, how does society expect an innumerate person to be 

able to understand the size of a trillion-dollar federal budget?  Paulos (2001) also stated 

that innumerate people tend to lack understanding of relative sizes and proportions.  For 

example, when a company grows 20 times larger than its original size, each department 

within the company is not expected to grow by the same proportion.  As our economy 

fluctuates, how does society expect an innumerate person to grasp the understanding of 

the growth and decline of department sizes within a company, if an innumerate person 

has difficulty with simple proportions?  After using the example: If aspirin cures 

headaches, then the lack of aspirin must cause headaches, Paulos (2001) suggested that 

“both innumeracy and defective logic provide a fertile soil for the growth of 

pseudoscience” (p. 96).  If such defective logic exists, how does society expect an 

innumerate person to understand the dosage and expected benefits of specialized 

medicines? 

Numeracy is embedded in every aspect of life.  Steen (2001) encouraged 

individuals not to conceptualize numeracy by its definition, but rather by its actions.  For 

example, numeracy is used when estimating how to split a restaurant bill in thirds, when 

comparing price for a car lease versus a car purchase, when reconciling a bank statement, 

and when reading maps (Steen, 2001).  Steen (2001) also encouraged individuals to look 
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not at what numeracy is, but how it is expressed.  Steen’s (2001) different expressions of 

numeracy included: Citizenship (i.e., major public issues), Culture (i.e., history, nature, 

and role of mathematics in human culture), Education (i.e., preparation needed for 

various disciplines), Professions (i.e., tools necessary in various fields), Personal Finance 

(i.e., money management), Personal Health (i.e., collaborative health care), Management 

(i.e., small businesses, organizations), and Work (i.e., job specific tools).  After 

recognizing the important role that numeracy plays in society, evidence of innumeracy is 

easy to locate (Steen, 1997, 2001). 

Global Level 

Most people would agree that illiteracy is unacceptable.  Shame and 

embarrassment are often felt by people who are illiterate (Wolf et al., 2007).  However, 

the same type of shame and embarrassment is not always associated with innumeracy 

(Gardiner, 2012).  In fact, people of all levels of education find it acceptable to say 

phrases such as, “Lots of people struggle with math” (Gardiner, 2012, “Argument 1,” 

para. 1) or “Not being able to read is being ‘uneducated’, not being able to do basic math 

is ‘normal’” (Gardiner, 2012, “Argument 1,” para. 2).  Wealthier nations have recognized 

illiteracy as the primary cause of poverty (MoneyInstructor, 2016).  In the past few 

decades, governments of wealthier nations (e.g., England and Australia) have begun to 

address the problem of both illiteracy and innumeracy (Badham, 2013; BBC News, 

2015). 

The Organization for European Economic Cooperation (OEEC) was initially 

formed by 18 European countries after World War II (WWII) to help administer U.S. and 

Canadian aid for the reconstruction of Europe (Organisation for Economic Co-operation 
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and Development [OECD], 2010).  In 1961, the OEEC became the Organization for 

Economic Cooperation and Development (OECD; OECD, 2010).  Today, the OECD is a 

forum where more than 34 democratic governments work together to promote growth and 

prosperity of the economy, as well as sustainable development (OECD, 2016a).  Between 

2011 and 2012, the OECD Programme for the International Assessment of Adult 

Competencies (PIAAC) administered the Survey of Adult Skills to assess the proficiency 

of adults in literacy, numeracy, and problem solving in technology-rich environments 

(OECD, 2013a).  The survey was administered in 24 countries and sub-national regions 

to approximately 166,000 adults (see Table 9) ranging in age from 16 to 65 (OECD, 

2016b).  This two-part survey (i.e., a background questionnaire followed by a direct 

assessment component) was administered to working-aged participants by a trained 

interviewer (OECD, 2016b). 
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Table 9 

Sample Sizes of Countries Participating in the Survey of Adult Skills (PIAAC) 

Country Sample Size 

Australia 7,430 

Austria 5,130 

Canada 27,285 

(English) (21,374) 

(French) (5,911) 

Cyprus 5,053 

Czech Republic 6,102 

Denmark 7,328 

Estonia 7,632 

Finland 5,464 

Flanders (Belgium) 5,463 

Germany 5,465 

Ireland 5,983 

Italy 4,621 

Japan 5,278 

Korea, Republic of 6,667 

Netherlands 5,170 

Norway 5,128 

Poland 9,366 

Russian Federation 3,892 

Slovak Republic 5,723 

Spain 6,055 

Sweden 4,469 

United Kingdom 8,892 

England (UK) (5,131) 

N. Ireland (UK) (3,761) 

U.S. 5,010 

Note. From “Technical Report on the Survey of Adult Skills (PIAAC),” by OECD, 
2013b, p. 8.  Copyright 2013 by OECD.  Adapted with permission. 
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Numeracy can be defined in several ways.  In the Survey for Adult Skills, 

numeracy was operationally defined as 

the ability to access, use, interpret, and communicate mathematical information 

and ideas in order to engage in and manage the mathematical demands of a range of 

situations in adult life.  To this end, numeracy involves managing a situation or solving a 

problem in a real context, by responding to mathematical content/information/ideas 

represented in multiple ways. (OECD, 2013a, p. 2) 

The numerical score obtained on the numeracy assessment component of the 

Survey of Adult Skills corresponded to one of six proficiency levels in numeracy (see 

Table 10).  The average numerical score among the participating countries was 269 

points (OECD, 2013a).  Japan had the highest mean proficiency in numeracy (288 

points), whereas the mean proficiency in numeracy for the United States (253 points) 

ranked third from last, higher than only Italy (247 points) and Spain (246 points) (OECD, 

2013a).  Across the 24 countries and sub-national regions, the percentage of adults 

scoring at each numeracy proficiency level on average was: Level 5 (1.1%), Level 4 

(11.4%), Level 3 (34.4%), Level 2 (33.0%), Level 1 (14.0%), and Below Level 1 (5%) 

(OECD, 2013a).  The numeracy-related non-respondents across the countries account for 

the remaining percentage (OECD, 2013a).  Finland had the highest proportion of adults at 

Level 5 (2.2%) (OECD, 2013a).  At Level 4, Japan and Finland had the highest 

proportion of adults, 17.3% and 17.2%, respectively (OECD, 2013a).  Overall, 34.4% of 

adults scored at Level 3; however, only 25.9% of adults in the United States scored at 

Level 3 (OECD, 2013a).  Overall, 46.8% of adults scored at Level 3 or higher (OECD, 

2013a).  The percentage of adults in the United States who scored at Level 3 or higher 
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(34.4%) was significantly below the overall average (OECD, 2013a).  In comparison to 

the overall percentage of adults who scored at Level 1 or below (19%), Japan (8.1%) had 

the smallest proportion, and the United States (28.7%) had the third largest proportion 

(OECD, 2013a).  Again, this percentage ranked the United States third from last in the 

comparison of numeracy proficiency among adults (see Figure 5). 
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Table 10 

Survey of Adult Skills: Description of Numeracy Proficiency Levels 

Level Score Range 
(points) 

Description 

Below 
level 1 

< 176 Tasks at this level require the respondent to carry out simple 
processes such as counting, sorting, performing basic arithmetic 
operations with whole numbers or money, or recognizing 
common spatial representations. 

1 176 to < 226 Tasks at this level require the respondent to carry out basic 
mathematical processes in common, concrete contexts where the 
mathematical content is explicit.  Tasks usually require one-step 
or simple processes involving counting; sorting; performing 
basic arithmetic operations; and identifying elements of simple 
or common graphical or spatial representations. 

2 226 to < 276 Tasks at this level require the application of two or more steps or 
processes involving calculation with whole numbers and 
common decimals, percents and fractions; simple measurement 
and spatial representation; estimation; and interpretation of 
relatively simple data and statistics in texts, tables, and graphs. 

3 276 to < 326 Tasks at this level require the application of number sense and 
spatial sense; recognizing and working with mathematical 
relationships, patterns, and proportions expressed in verbal or 
numerical form; and interpreting data and statistics in texts, 
tables and graphs. 

4 326 to < 376 Tasks at this level require analysis and more complex reasoning 
about quantities and data; statistics and chance; spatial 
relationships; and change, proportions and formulas. They may 
also require understanding arguments or communicating well-
reasoned explanations for answers or choices. 

5 ≥ 376 Tasks at this level may require the respondent to integrate 
multiple types of mathematical information where considerable 
translation or interpretation is required; draw inferences; develop 
or work with mathematical arguments or models; and critically 
reflect on solutions or choices. 

Note. From “OECD Skills Outlook 2013: First Results from the Survey of Adult 
Skills,” by OECD, 2013a, p. 76.  Copyright 2013 by OECD.  Adapted with permission. 
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Figure 5. Numeracy proficiency among adults in 23 countries participating in the Survey 
of Adult Skills (PIAAC). From “OECD skills outlook 2013: First results from the Survey 
of Adult Skills,” by OECD, 2013a, p. 75.  Copyright 2013 by OECD.  Reprinted with 
permission.  Countries are ranked in descending order of the combined percentage of 
adults scoring at Level 3 and Level 4/5. 

 
A key finding of this study was that despite the relatively high education levels 

attained among adults in the United States, there was a larger proportion of adults in the 

United States than in other countries who have poor numeracy skills (OECD, 2013a).  

One outcome of the Survey of Adult Skills was to examine the relationship between 

proficiency in literacy/numeracy and problem solving in technology-rich environments.  

Other interesting issues were raised when examining this relationship.  For example, low 
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levels of proficiency in numeracy were found to be barriers effectively to using computer 

applications to manage information (OECD, 2013a).  An adult who had acquired some 

basic computer skills but lacked proficiency in numeracy found it difficult to handle 

information management and to process tasks that were required when using online 

applications (OECD, 2013a).  As we continue to access, to analyze, and to communicate 

information through the use of digital devices, the ability to use these digital devices 

intelligently will continue to be of growing importance (OECD, 2013a). 

National Level 

Following the economy of the United States can be challenging, even with the 

abundance of information available on the Internet.  For example, economic statistics are 

provided by the U.S. Department of Commerce (2016) to give government officials, 

businesses, and individuals a current picture of the U.S. economy.  However, people with 

limited numeracy skills can find it difficult to interpret the statistics.  Innumerate people 

have difficulty making rational decisions concerning financial situations due to a lack of 

basic understanding about loans, amortization schedules, and investments 

(MoneyInstructor, 2016).  Each year, millions of citizens of the United States seek the 

help of accountants to file income taxes (MoneyInstructor, 2016).  Additionally, people 

are bombarded with information from sources such as television stations, radio stations, 

websites, and social media.  In a matter of minutes, people are expected to process more 

information than some of our ancestors processed in a lifetime (Allen, 2011).  

Interpreting the abundance of information is difficult and challenging.  Innumerate people 

face additional challenges when they are required to interpret statistical information or 

percentages contained in graphs, charts, or tables (Allen, 2011). 
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Paulos (2001) briefly discussed the topic of mathematical education at the 

national level.  He stated that elementary students are taught the basic algorithms: 

addition, subtraction, multiplication, division, and converting among fraction, decimal, 

and percentage.  However, the elementary teachers fail to teach the students when to use 

each type of fundamental mathematical concept (Burns, 2007).  Who we as a society 

have blamed for our elementary-aged children not grasping the application component of 

basic mathematics skills is a matter of perspective.  Parents have placed blame on the 

elementary teachers—concluding that the teachers are not sufficiently capable of teaching 

such concepts, or the teachers have no interest or appreciation of mathematics (Paulos, 

2001).  However, from the perspective of the elementary teachers, the blame has been 

placed on the universities that granted their teacher certification—the universities do not 

place enough emphasis on the teacher-training mathematics courses (Paulos, 2001).  For 

credentialing purposes, secondary teachers must obtain an undergraduate degree in their 

respective fields; however, mathematically talented people have a tendency to seek a 

more substantial salary than a teaching salary (Paulos, 2001).  Paulos (2001) ended with 

the statement that he was “distressed by a society which depends so completely on 

mathematics and science and yet seems so indifferent to the numeracy and scientific 

illiteracy of so many of its citizens” (p. 178). 

Chad Orzel, a professor at a liberal arts college, wrote an essay in response to a 

posting on his blog, Uncertain Principles (Orzel, 2008).  Orzel told readers that his 

background was in physics and mathematics, and he admitted to possessing limited 

knowledge about art and music.  As a physics professor, Orzel considered himself to be a 

member of the intellectual class (Orzel, 2008).  Orzel (2008) stated that whenever he 
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engaged in conversation about the arts with colleagues, he found himself smiling, 

nodding, and changing the topic of conversation.  Orzel’s intellectual peers were quick to 

judge him about his ignorance for—or worse, his dislike of—classical music, but the 

same intellectuals openly admitted having little to no knowledge of basic mathematics.  

This double standard was perplexing to Orzel (2008).  He questioned how intellectuals 

with little to no understanding of basic mathematics consider themselves educated; 

moreover, intellectuals appeared to have no shame about their innumeracy.  The take-

home point of Orzel’s (2008) essay was that he believed that innumeracy was one of the 

biggest unacknowledged issues in today’s society, even among the so-called educated 

people. 

Mathematics Education 

K-12 Schools—Policies and Programs at the National Level in the United States 

The role of the U.S. Federal Government in education is limited.  Most policies 

and issues relating to education is decided at the state and local levels (U.S. Department 

of Education, 2016b).  With that being stated, the U.S. national government continues to 

employ new strategies to raise the standard of education.  The No Child Left Behind 

(NCLB) Act of 2001 was enacted during the presidency of George W. Bush.  The NCLB 

Act of 2001 amended the Elementary and Secondary Education Act of 1965, signed by 

President Lyndon B. Johnson, in order to revise and to consolidate various school 

programs (Campbell, 2016).  The goal of NCLB Act of 2001 was to help improve the 

academic achievement of the disadvantaged by establishing requirements for (a) yearly 

testing and assessments of student performance, (b) state standards for and assessments 

of adequate yearly progress, (c) local educational agency identification of schools for 
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improvement and corrective actions, (d) reporting to parents and the public on school 

performance and teacher quality, (e) eligibility requirements for school-wide programs, 

and (f) increased qualifications of teachers and paraprofessionals (H.R.1 – 107th 

Congress, 2002).  The laws set forth in the NCLB Act of 2001 were scheduled for 

revision in 2007.  On December 10, 2015, President Barack Obama signed the Every 

Student Succeeds Act (ESSA) (U.S. Department of Education, 2016a).  The U.S. 

Department of Education currently is working with state education agencies and local 

school districts to implement the nation’s newest education laws. 

In addition to passing education laws to help provide all students an equal 

opportunity to education, the U.S. Department of Education has developed programs 

(e.g., Race to the Top) to help states with educational reform.  Race to the Top was 

designed in 2009 to be a competitive grant program that encouraged and rewarded states 

that created conditions for education innovation and reform (U.S. Department of 

Education, 2009).  All phases of the Race to the Top concluded in 2011, but the impacts 

of the program are still being reported (U.S. Department of Education, 2015). 

In 2009, governors belonging to the National Governors Association and school 

officials belonging to the Council of Chief State School Officers from 48 states, two 

territories, and the District of Columbia launched the effort to develop what is now 

known as the Common Core State Standards (CCSS) (National Governors Association 

Center for Best Practices, Council of Chief State School Officers, 2010a).  Currently, 

only 42 states and the District of Columbia have voluntarily adopted the CCSS; Texas is 

one of eight states that has not adopted the standards (National Governors Association 

Center for Best Practices, Council of Chief State School Officers, 2010b).  It is believed 
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that having a consistent set of standards across states will help ensure that all students are 

ready to begin college or workforce programs, regardless of where they live (National 

Governors Association Center for Best Practices, Council of Chief State School Officers, 

2010a).  With respect to mathematics, the CCSS called for a shift in three key areas: (a) 

greater focus on fewer topics (see Table 11), (b) linking topics and thinking across grades 

(i.e., coherence), and (c) pursuing conceptual understanding, procedural skills and 

fluency, and application with equal intensity (i.e., rigor) (Common Core State Standards 

Initiative [CCSSI], 2016).  The CCSS for Mathematics (2016) provides a detailed 

explanation of the standards for mathematical content by grade level for Kindergarten 

through Grade 8; however, it does not specify what content must be taught during each 

high school grade level; rather, it lists standards in six categories of content at the high 

school level (i.e., number and quantity, algebra, functions, modeling, geometry, and 

statistics/probability). 

Table 11 

Mathematical Focus for the Common Core According to Grade Level 

Grade(s) Mathematical Focus 

K – 2 Concepts, skills, and problem solving related to addition and subtraction. 

3 – 5 Concepts, skills, and problem solving related to multiplication and division of 
whole numbers and fractions. 

6 Ratios and proportional relationships, and early algebraic expressions and 
equations. 

7 Ratios and proportional relationships, and arithmetic of rational numbers. 

8 Linear algebra and linear functions. 

Note. From “Key Shifts in Mathematics,” by CCSSI, 2016.  Copyright 2017 by 
Common Core State Standards Initiative.  Adapted with permission. 
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We as a society know that the problem of innumeracy continues to persist, but 

there appears to be no solution to solve the problem.  In primary and secondary 

education, we continue to repeat the cycle: An excited push towards a new policy or 

reform, followed by mass confusion and a return to conventional practices (Green, 2014).  

With the implementation of performance-based assessments, it is likely that we have 

become a nation that teaches to the assessments.  Standards and benchmarks are created 

by state education agencies, and students are expected to reach these standards and 

benchmarks.  However, when students fall short, national and state education agencies 

either create a new standard assessment or pass a new reform. 

K-12 Schools–-Policies and Programs at the State Level in Texas 

Since the initial implementation of a statewide testing program in 1979, Texas has 

created and used five different assessment examinations for Texas public-school students 

(see Table 12).  Keeping current in educational laws and reform at the state level can be 

exhausting.  In 2013, the 83rd Texas Legislature passed House Bill 5.  In addition to the 

State of Texas Assessment of Academic Readiness (STAAR) test, the Texas Education 

Agency (TEA) also implemented annual end-of-course assessments for English I, English 

II, Algebra I, biology, and U.S. History (TEA, 2016).  Prior to House Bill 5, students 

could choose among three graduation options: Minimum High School Program, 

Recommended High School Program, and the Distinguished Achievement Program 

(American Institutes for Research, 2015).  With House Bill 5 now in effect, students are 

no longer required to complete the four-by-four plan (i.e., four credits each of English, 

mathematics, science, and social studies) in order to graduate from high school.  

Beginning in Fall 2014, entering high school freshmen graduate under the Foundation 
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High School Program or the Distinguished Achievement Plan.  These students must 

declare one of five endorsements areas (i.e., an area of interest that will guide a student’s 

course selection throughout his or her high school career) (American Institutes for 

Research, 2015).  Table 13 provides a more detailed description of course offerings in the 

five endorsement areas (a) Science, Technology, Engineering, and Mathematics (STEM); 

(b) business and history; (c) public service; (d) arts and humanities; and (e) 

multidisciplinary.  Under the Foundation High School Program, students are no longer 

required to take a fourth year of mathematics, nor are they required to take Algebra II.  

To align mathematics curriculum requirements with House Bill 5, two new advanced 

high school mathematics courses—namely, Algebraic Reasoning and Statistics—were 

created to serve as alternatives to Algebra II (American Institutes for Research, 2015).  

To end this discussion of mathematics education in K-12 schools, the question remains: 

Do policies and reforms in K-12 mathematics education create a shift in the teaching of 

mathematics? 
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Table 12 

History of Statewide Education Assessment Testing in Texas 

Years Administered Name of Assessment 

1981-1984 Texas Assessment of Basic Skills (TABS) 

1985-1990 Texas Educational Assessment of Minimal Skills (TEAMS) 

1990-2002 Texas Assessment of Academic Skills (TAAS) 

2003-2011 Texas Assessment of Knowledge and Skills (TAKS) 

2011 – present State of Texas Assessment of Academic Readiness (STAAR) 

Note. From “Growth Model Pilot Application for Adequate Yearly Progress 
Determinations Under the No Child Left Behind Act,” by Texas Education Agency, 
2009, pp. 2-3.  Copyright 2017 by Texas Education Agency.  Adapted with permission. 

Table 13 

High School Endorsement Areas created by House Bill 5 

Endorsement Area Field(s) of Interest 

STEM science, technology, engineering, advanced math 

Business and Industry database management, information technology, communications, 
accounting, finance, marketing, graphic design, architecture, 
construction, welding, logistics, automotive technology, agricultural 
science, heating, ventilation, and air conditioning 

Public Service health sciences and occupations, education and training, law 
enforcement, culinary arts and hospitality 

Arts and Humanities political science, world languages, cultural studies, English 
literature, history, fine arts 

Multidisciplinary Studies various advanced courses from several endorsement areas 

Note. From “House Bill 5 Evaluation,” by American Institutes for Research, 2015, pp. 
57-63.  Copyright 2017 by Texas Education Agency.  Adapted with permission. 
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Higher Education in Texas 

College readiness.. Educators have debated the topic of college readiness for 

decades.  When defining college readiness, both academic and nonacademic perspectives 

must be considered.  In some studies, researchers examined college readiness in terms of 

performance on standardized examinations (Atkinson & Geiser, 2009; Cabrera et al., 

2006; Combs et al., 2010), whereas other researchers approached college readiness by 

comparing the content of state examinations to a set of standards (Brown & Conley, 

2007).  Still other researchers have studied college readiness from non-academic 

perspectives by using qualitative research methods (Byrd & MacDonald, 2005; Reid & 

Moore, 2008). 

Role of the Texas Higher Education Coordinating Board. Institutions of 

higher education in the state of Texas are governed by the Texas Higher Education 

Coordinating Board (THECB), which was created by the Texas Legislature in 1965.  In 

total, these institutions comprise 50 community college districts with 74 campuses, four 

technical colleges with two extension centers, two state colleges and a technical institute, 

35 universities, eight health-related institutions, 40 independent colleges and universities, 

one independent medical school, and 31 degree-granting private career colleges (THECB, 

2000).  The THECB’s mission is 

to work with the Legislature, Governor, governing boards, higher education 

institutions and other entities to help Texas meet the goals of the state’s higher 

education plan, Closing the Gaps by 2015, and thereby provide the people of 

Texas the widest access to higher education of the highest quality in the most 

efficient manner. (THECB, 2010, p. 2) 
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The THECB sponsors various advisory committees (THECB, 2016a), including 

the Lower-Division Academic Course Guide Manual Advisory Committee (THECB, 

2016b).  This committee originally functioned ad hoc in the 1980s and early 1990s; 

however, it was re-formed in 1996 as a standing committee (THECB, 2016b).  The 

purpose of this committee is to make additions, deletions, and modifications to the 

Academic Course Guide Manual (ACGM) (THECB, 2016b, 2016c).  The ACGM is “the 

list of approved courses for general academic transfer to public universities that may be 

offered for state funding by public community and technical colleges in Texas” (THECB, 

2016c, p. 5).  If an institution of higher education wants to add a new academic course, 

delete an academic course, modify an existing academic course from its Course Catalog, 

the institution must request approval from the ACGM Advisory Committee (THECB, 

2016b, 2016c).  With respect to mathematics education, the Lower-Division ACGM 

dictates the common course numbering system for all credit level mathematics courses; 

provides course titles, course descriptions, and Student Learning Outcomes for each 

approved mathematics course; provides information for Developmental Mathematics; and 

provides information for Non-course Competency Based Options (NCBOs) (THECB, 

2016c). 

Texas Success Initiative. Prior to enrolling in a credit-level course at a Texas 

public institution of higher education, a student must comply with the Texas Success 

Initiative (TSI), which requires all students to be tested for college readiness in reading, 

writing, and mathematics—unless the student qualifies for exemptions.  For example, a 

student who scored between 500 and 549, inclusive, on the mathematics portion of the 

SAT would be exempt from the mathematics portion of the TSI.  The TSI Assessment 
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was designed to be implemented in three phases: Phase 1 began Fall 2013, Phase 2 begins 

Fall 2017, and the Final Phase begins Fall 2019 (THECB, 2014).  During Phase 1, Phase 

2, and the Final Phase, the minimum passing college readiness score for mathematics will 

be 350, 356, and 369, respectively (THECB, 2015a).  When a student is deemed TSI 

Assessment complete in mathematics, then the student can enroll in Math 1314 (i.e., 

College Algebra), Math 1332 (i.e., Math for Liberal Arts), or Math 1342 (i.e., Statistics).  

If a student wants to enroll in a mathematics course that is higher in sequence than Math 

1314, Math 1332, or Math 1342, then the student must take an additional placement 

examination (e.g., ACT, SAT, COMPASS, or ACCUPLACER). 

If a student does not meet the TSI Assessment minimum college ready standards 

in mathematics, then there are two other outcomes to consider: (a), the student does not 

reach the minimum passing college readiness score for mathematics, but scores at least 

336, or (b) the student scores between 310 and 335, inclusive.  If scenario (a) occurs, then 

the student is placed into Developmental Mathematics (e.g., Beginning Algebra or 

Intermediate Algebra).  If scenario (b) occurs, then the student is given an additional 

Adult Basic Education (ABE) diagnostic test.  The idea behind the diagnostic test is 

better to place the student on the correct pathway according to the strengths and 

weaknesses listed in the diagnostic report.  Students can place into one of six ABE 

Diagnostic levels, namely, Level 1, Level 2, Level 3, Level 4, Level 5, or Level 6.  In 

order to qualify for placement in a developmental mathematics course, a student in 

scenario (b) who receives an ABE Level 1, 2, 3, or 4 will be placed into Beginning 

Algebra, whereas a student who receives an ABE Level 5 or 6 will be placed into 

Intermediate Algebra. 
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In addition to TSI Assessment scores and ABE Diagnostic levels, holistic 

advising is used to help place students in the correct mathematics course (Morales-Vale, 

2014).  During advising appointments, students are asked questions such as: (a) How 

many classes do you plan to take?, (b) How many hours to do you plan to work each 

week?, and (c) What family/work obligations might impact your educational goals?  

Holistic advising is helpful for placement of students who are classified as repeaters (i.e., 

they have taken the same course at least twice).  The student is given guidance that 

enables him or her to set more reasonable educational goals. 

Developmental education. According to THECB (2005), 32% of new college 

and university students were not prepared for credit-level mathematics (see Table 14), 

and more than 80% of the underprepared students enrolled in 2-year community colleges.  

When does a student get placed into Developmental Mathematics?  If a student does not 

meet the TSI Assessment minimum college-ready standards in mathematics, then the 

student must enroll in Developmental Mathematics courses and/or interventions that do 

not result in degree or transferable credit.  The THECB has recently decreased the 

number of Developmental Mathematics course offerings from three to two, essentially 

eliminating the lowest level (i.e., Pre-Algebra).  The reason behind this initiative was that 

the Student Learning Outcomes assigned to Pre-Algebra were equivalent to elementary 

and junior high mathematics skills. 
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Table 14 

Percentage of New Students Underprepared in Mathematics by Sector 

Sector Percentage 

Community Colleges 38% 

(Academic) (39%) 

(Technical) (37%) 

Texas State Technical College and Lamar 
Institute of Technology 

35% 

Universities 18% 

Total 32% 

Note. From “Developmental Mathematics Texas Public Institutions of Higher 
Education: Performance Assessment Part II,” by Texas Higher Education Coordinating 
Board, 2005, p. 3.  Copyright 2017 by THECB.  Adapted with permission. 

The performance of a Developmental Mathematics student is measured using four 

different milestones: (a) participation, (b) completion, (c) persistence, and (d) degree or 

certificate attainment.  Completion is defined as completing the Developmental 

Mathematics requirements (i.e., completing developmental courses with a grade of A, B, 

or C), and persistence is defined as continued enrollment in subsequent semesters.  The 

THECB (2005) reported that nearly 50% of students who enrolled in Developmental 

Mathematics did not reach completion and were no longer enrolled at the end of 2 years. 

Complete College America. In 2009, the national nonprofit organization called 

Complete College America (CCA) was established.  CCA’s mission is “to work with 

states to significantly increase the number of Americans with quality career certificates or 

college degrees and to close the gaps for traditionally underrepresented populations” 

(CCA, 2016, “Our Work,” para. 1).  In 2011, Texas was one of 10 states that received a 
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Completion Innovation Challenge Grant from CCA to transform their developmental 

education programs.  In Texas, a total of 15 community colleges participated in the 

initiative that aimed to reduce time-to-degree by replicating a developmental education 

mathematics program piloted at Texas State University—namely, San Marcos (THECB, 

2011b).   

Non-course Competency Based Options. One initiative to help accelerate 

students through Developmental Mathematics has been the development of NCBOs.  By 

definition, NCBOs include 

developmental education interventions that use learning approaches that, 

compared to traditional lecture-only classes, more effectively and efficiently 

prepare students for college-level work.  These interventions must be overseen by 

an instructor of record; must not fit traditional course frameworks for contact 

hours; and cannot include advising or learning support activities such as tutoring, 

supplemental instruction, or labs connected to traditional courses where a student 

incurs tuition costs. (THECB, 2011a, p. 16)  

Morales-Vale (2014) reported that 98% of Texas higher education institutions 

have implemented mathematics NCBOs.  In Spring 2013, the THECB required “all Texas 

public institutions of higher education with developmental education programs offer at 

least one NCBO intervention in at least one developmental education discipline area” 

(THECB, 2013, p. 5).  Examples of successful NCBO models include El Paso 

Community College’s Pre-testing Retesting Educational Preparation (PREP) Program, 

the ACcess Learning Center (i.e., the open-entry/open-exit lab) at Amarillo College, and 

8-week intensive college-readiness programs (THECB, 2013). 
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New Mathways Project. Another recent initiative to help accelerate students in 

completing credit-level mathematics courses is called the New Mathways Project (NMP).  

The Charles A. Dana Center at the University of Texas at Austin and the Texas 

Association of Community Colleges launched the NMP initiative in 2012.  The NMP 

provides two pathways for a student to traverse in order to complete a credit-level 

mathematics course: STEM versus non-STEM.  If a student wishes to pursue a degree in 

a field related to science, technology, engineering, or mathematics, then the student 

would opt to follow the STEM pathway.  This pathway would require the student to 

attain a minimum mathematics score of 350 on the TSI Assessment, after which the 

student would be allowed to enroll in Math 1314 (i.e., College Algebra).  The non-STEM 

pathway is an alternative that is offered to students who are required to complete Math 

1332 (i.e., Math for Liberal Arts) or Math 1342 (i.e., Statistics), instead of Math 1314.  

The non-STEM pathway tends to be less algebraic in nature.  If the TSI Assessment 

places the student into Developmental Mathematics, and the student wants to pursue the 

non-STEM pathway, then the student is allowed to enroll in MATH 0309 (i.e., 

Foundations of Math Reasoning).  Upon successful completion of Math 0309 or a 

Developmental Mathematics course (i.e., Beginning Algebra or Intermediate Algebra), 

the student would be allowed to enroll in Math 1332 or Math 1342. 

Dual credit. The Texas Administrative Code defines dual credit as “a process by 

which a high school student enrolls in a college course and receives simultaneous 

academic credit for the course from both the college and high school” (THECB, 2012a, p. 

5).  It is estimated that student participation in dual credit courses has increased from 

approximately 12,000 in 1999 to more than 100,000 in 2011 (THECB, 2012a).  A dual 
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credit student can attend the course on the high school campus, or the student can take a 

course on the college campus.  Both academic courses and technical courses are included 

in dual credit courses, as long as the course selections come from the ACGM and the 

Workforce Education Course Manual (WECM), respectively (THECB, 2012a).  In order 

to enroll in a dual credit course, a student must meet eligibility requirements (e.g., score 

college ready on the TSI Assessment).  In order to teach a dual credit course, the 

instructor must be qualified to teach at the college level.  Dual credit students benefit 

from a decrease in the cost of tuition and an acceleration to degree or certificate 

completion.  Because dual credit courses enable new graduates to enter the workforce 

sooner than do graduates who do not take dual credit courses, the economy benefits from 

dual credit programs.  In May 2015, House Bill 505 was signed by Texas Governor 

Abbott.  This bill removed the limitation on the number of dual credit hours for public 

school students; consequently, high school students are no longer limited to two dual 

credit courses each semester.  The THECB encourages public institutions of higher 

education to partner with local school districts to develop and to expand course offerings 

in dual credit programs.  In the future, THECB and TEA need to develop a statewide 

equivalency chart that will determine what high school credit to award for each dual 

credit course. 

Texas core curriculum. The Texas Core Curriculum (TCC) was originally 

established by House Bill 2183 in 1987 to ensure quality in higher education.  Every 

student who has graduated from a Texas public institution of higher education after 1987 

has been required to complete the TCC.  In 1997, the TCC was revised by House Bill 



87 

 

148.  In 2011, the THECB revised its rules for the TCC.  The new rules took effect in Fall 

2015. 

The TCC is a 42 Semester Credit Hour (SCH) core curriculum, comprising a 

statement of purpose, six Core Objectives, and nine Foundational Component Areas 

(FCA) (i.e., eight foundational component areas and one component area option) 

(THECB, 2015b).  The six core objectives are: (a) Critical Thinking Skills, (b) 

Communication Skills, (c) Empirical and Quantitative Skills, (d) Teamwork, (e) Social 

Responsibility, and (f) Personal Responsibility (THECB, 2015b).  The nine FCA—along 

with the required SCH in each area and a brief description of each area—are listed in 

Table 15.  To date, Math 2414 (i.e., Calculus II) has been denied inclusion in the 

Mathematics FCA because Math 2413 (i.e., Calculus I) is a pre-requisite to Math 2414, 

and the completion of Math 2413 would qualify the student as core complete for the 

Mathematics FCA (THECB, 2015b).  The inclusion of Math 2414 will be reconsidered in 

the near future. 
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Table 15 

Descriptions of Foundational Component Areas of the Texas Core Curriculum 

Foundational 
Component Area 

Semester 
Credit 
Hour Description 

Communication 6 Courses in this category focus on developing ideas and expressing them clearly, considering the effect of 
the message, fostering understanding, and building the skills needed to communicate persuasively. 
 
Courses involve the command of oral, aural, written, and visual literacy skills that enable people to 
exchange messages appropriate to the subject, occasion, and audience. 

Mathematics 3 Courses in this category focus on quantitative literacy in logic, patterns, and relationships. 
 
Courses involve the understanding of key mathematical concepts and the application of appropriate 
quantitative tools to everyday experience. 

Life and Physical 
Sciences 

6 Courses in this category focus on describing, explaining, and predicting natural phenomena using the 
scientific method. 
 
Courses involve the understanding of interactions among natural phenomena and the implications of 
scientific principles on the physical world and on human experiences. 

Language, 
Philosophy, & 

Culture 

3 Courses in this category focus on how ideas, values, beliefs, and other aspects of culture express and affect 
human experience. 
 
Courses involve the exploration of ideas that foster aesthetic and intellectual creation in order to understand 
the human condition across cultures. 

(continued) 
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Foundational 
Component Area 

Semester 
Credit 
Hour Description 

Creative Arts 3 Courses in this category focus on the appreciation and analysis of creative artifacts and works of the human 
imagination. 
 
Courses involve the synthesis and interpretation of artistic expression and enable critical, creative, and 
innovative communication about works of art. 

American History 6 Courses in this category focus on the consideration of past events and ideas relative to the United States, 
with the option of including Texas History for a portion of this component area. 
 
Courses involve the interaction among individuals, communities, states, the nation, and the world, 
considering how these interactions have contributed to the development of the United States and its global 
role. 

Government/Political 
Sciences 

6 Courses in this category focus on consideration of the Constitution of the United States and the 
constitutions of the states, with special emphasis on that of Texas. 
 
Courses involve the analysis of governmental institutions, political behavior, civic engagement, and their 
political and philosophical foundations. 

Social & Behavioral 
Sciences 

3 Courses in this category focus on the application of empirical and scientific methods that contribute to the 
understanding of what makes us human. 
 
Courses involve the exploration of behavior and interactions among individuals, groups, institutions, and 
events, examining their impact on the individual, society, and culture. 

(continued) 
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Foundational 
Component Area 

Semester 
Credit 
Hour Description 

Component Area 
Option 

6 a. A minimum of 3 SCH must meet the definition and corresponding Core Objectives specified in one of 
the foundational component areas 
 
b. As an option for up to 3 semester credit hours of the Component Area Option, an institution may select 
course(s)that: 

(i) Meet(s) the definition specified for one or more of the foundational component areas; and 
(ii) Include(s) a minimum of three Core Objectives, including Critical Thinking Skills, 
Communication Skills, and one of the remaining Core Objectives of the institution’s choice. 

Note. From “Texas Core Curriculum Application Guide,” by Texas Higher Education Coordinating Board, 2015b.  Copyright 2017 
by THECB.  Adapted with permission. 
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Students with disabilities. There are three significant laws regarding 

accessibility in higher education: (a) Section 508, (b) The Americans with Disabilities 

Act (ADA), and (c) Section 504 (see Table 16).  Designed to prohibit discrimination on 

the basis of disability, the ADA was divided into five parts (i.e., Titles I-V) (see Table 

17).  Title II applies to state and local government, including public institutions of higher 

education; Title III applies to private colleges and universities.  The law states that 

“communication with persons with disabilities must be as effective as communications 

with others” (Jonathan, 2012, “Americans with Disabilities Act,” para. 1).  The ADA was 

signed into law in 1990—prior to the explosion of the Internet and electronic 

technologies.  However, the applicability of the ADA to web accessibility dictates that 

higher education online courses must be as accessible as traditional face-to-face courses.   
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Table 16 

Applications of Accessibility Laws to Higher Education 

Law Key Verbiage Applications to Higher 
Education 

Section 504 of 
the Rehabilitation 
Act of 1973 

“No otherwise qualified individual with a 
disability in the United States…shall, solely by 
reason of his or her disability, be excluded from 
participation in, be denied the benefits of, or be 
subject to discrimination under any program or 
activity receiving Federal financial assistance.” 

Any college or university 
that receives federal 
funds cannot 
discriminate based on a 
disability. 

The Americans 
with Disabilities 
Act (ADA) of 
1990 

“The ADA prohibits discrimination on the basis 
of disability in employment, State and local 
government, public accommodations, 
commercial facilities, transportation, and 
telecommunications. It also applies to the 
United States Congress.” 

This document is 
referenced to aid in 
determination of 
accessibility laws with 
respect to the Internet. 

Section 508 of 
the Rehabilitation 
Act, as amended 
in 1998 

“When developing, procuring, maintaining, or 
using electronic and information technology, 
each Federal department or agency, including 
the United States Postal Service, shall ensure, 
unless an undue burden would be imposed on 
the department or agency, that the electronic 
and information technology allows, regardless 
of the type of medium of the technology--
individuals with disabilities who are Federal 
employees…and individuals with disabilities 
who are members of the public seeking 
information or services from a Federal 
department or agency to have access to and use 
of information and data that is comparable to 
the access to and use of the information and 
data by such members of the public who are not 
individuals with disabilities.” 

Although the scope is 
only within the federal 
government, there are 
implications within 
higher education (e.g., 
this law defines what 
constitutes web 
accessibility). 

Note. From “A Guide to Disability Right Laws,” by U.S. Department of Justice, 2009.  
Adapted with permission. 
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Table 17 

Sections of the American with Disabilities Act of 1990 

Title Applicability Brief Summary 

I Employment Requires covered employers to provide reasonable 
accommodations for applicants and employees with 
disabilities and prohibits discrimination on the basis of 
disability in all aspects of employment. Reasonable 
accommodation includes, for example, restructuring jobs, 
making work-sites and workstations accessible, modifying 
schedules, providing services such as interpreters, and 
modifying equipment and policies. 
 
Regulates medical examinations and inquires. 

II Public and 
government services, 
activities, and 
transportation 

Public services (which include state and local government 
agencies, the National Railroad Passenger Corporation, and 
other commuter authorities) cannot deny services to people with 
disabilities or deny participation in programs or activities that are 
available to people without disabilities. 
 
Public transportation systems, such as public transit buses, must 
be accessible to individuals with disabilities. 

III Public 
accommodations 
and services 
operated by private 
entities 

Public accommodations include facilities such as restaurants, 
hotels, grocery stores, retail stores, etc., as well as privately 
owned transportation systems. 
 
Requires that all new construction and modifications must be 
accessible to individuals with disabilities. For existing facilities, 
barriers to services must be removed if readily achievable. 

IV Tele-
communications 
services 

Telecommunications companies offering telephone service to 
the general public must have telephone relay service to 
individuals who use telecommunication devices for the deaf 
(TTYs) or similar devices. 
 

V Miscellaneous This title includes a provision prohibiting either (a) coercing or 
threatening or (b) retaliating against individuals with disabilities 
or those attempting to aid people with disabilities in asserting 
their rights under the ADA. 

Note. From “The Americans with Disabilities Act: A Brief Overview,” by Job 
Accommodations Act, 2012.  Adapted with permission. 
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As students transition from high schools to institutions of higher education, they 

are required to be proactive if they want to receive support services in accordance to the 

ADA and Section 504.  A student seeking accommodations at an institution of higher 

education must meet with the institution’s ADA or Section 504 coordinator, submit 

required current documentation of the disability, and submit a written accommodation 

request.  If a student wants to use any (or all) of the accommodations that are listed on his 

or her accommodation sheet, it is the student’s responsibility to distribute the sheet to his 

or her professors.  To be protected by Section 504, the student must be a qualified 

individual with a disability (Disability Rights California, 2013).  With respect to higher 

education, qualified means that the student is capable of fulfilling the essential functions 

and requirements of the program, with or without the provision of reasonable 

modifications (Disability Rights California, 2013).  The student meets the definition of 

having a disability under the following circumstances: (a) the student has a physical 

and/or mental impairment that substantially limits one or more major life activities (e.g., 

seeing, hearing, eating, sleeping, walking, standing, lifting, bending, speaking, breathing, 

working, learning, reading, concentrating, thinking, communicating), (b) the student has 

an impairment that is in remission or substantially limits him or her occasionally, (c) the 

student has a record or history of having a physical and/or mental impairment that 

substantially limits one or more major life activities, or (d) the student was regarded as, 

or was misclassified as, having a physical and/or mental impairment, and the student was 

subjected to a discriminatory act that is illegal under ADA and/or Section 504 (Disability 

Rights California, 2013).  According to the laws, institutions of higher education are 

required to make reasonable modifications in their practices, policies, and procedures, 
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and to provide auxiliary aids and services for persons with disabilities, unless to do so 

would fundamentally alter the nature of the goods, services, facilities, privileges, 

advantages, and accommodations that they offer, or would result in an undue financial or 

administrative burden on the institution (Disability Rights California, 2013).  Table 18 

provides a list of examples of modifications to a policy, practice, or procedure, as well as 

a list of examples of auxiliary aides and services. 

Table 18 

Modifications for Higher Education Students with Disabilities by Type 

Type Examples of Modifications 

Modifications to 
policy, practice, or 
procedure 

Not assessing penalties for spelling errors on papers or exams 

 Allowing course substitutions for certain required or pre-requisite courses 

 Allowing extra time on examinations 

 Allowing a reduced course load and extended time within which to 
complete degree requirements 

 Providing housing accommodations for a student’s personal care assistant 

Auxiliary aids and 
services 

Qualified interpreters or other effective methods of making aurally 
delivered materials available to individuals with hearing impairments 

 Note takers 

 Qualified readers, tape-recorded or digitally recorded texts, or other 
effective methods of making visually delivered materials available to 
individuals with visual impairments or learning disabilities 

 Class materials in alternative formats (e.g., texts in Braille, on audiotape, or 
as digital files) 

 Acquisition or modification of equipment or devices 

Note. From “Rights of Students with Disabilities in Higher Education: A Guide for 
College and University Students,” by Disability Rights California, 2013, pp. 11-12.  
Adapted with permission. 
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In 2009, the National Federation of the Blind filed a complaint against the Law 

School Admissions Council (LSAC) for inaccessible web content and Law School 

Admission Test (LSAT) preparation materials.  The LSAC web portal was used by many 

law schools across the nation as part of the application process (e.g., students submitted 

the application, transcripts, letters of recommendation, LSAT scores, and application fee 

using LSAC).  The LSAC’s application forms could not be navigated with conventional 

screen reader access software (American Federation for the Blind, 2016).  Thus, the 

application process denied students with visual disabilities the ability to apply to law 

schools independently and on the same basis with other students—a violation of ADA 

Titles II and III.  Settlements were made with several law schools in the hope of 

dissolving the dispute without engaging in litigation (U.S. Department of Justice, 2011).  

As a result, universities are required to make the application process available to students 

with disabilities. 

Screen readers (i.e., software programs) allow students with visual disabilities to 

read text displayed on the computer screen with synthesized speech or braille display 

(American Federation for the Blind, 2016).  One of the most popular screen readers is 

called JAWS, Job Access With Speech (Freedom Scientific, 2016).  However, problems 

arise when the material on the website is not properly coded.  Similar issues arise with 

PDF files when the files are not properly tagged (Danielson, 2009).  In 2011, an 

agreement was reached between Penn State and the National Federation of the Blind 

which stated that Penn State would continue to implement strategies to make all 

electronic and information technology systems used on its campuses fully accessible to 

blind students, faculty, and staff (Cummings, 2011; Penn State News, 2011).  Some 
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universities have policies that help students with disabilities (e.g., note-taking services); 

however, the National Federation of the Blind hoped that Penn State would set 

precedence in helping to create an environment of equality.  Consequently, students with 

disabilities are not required to have access to a university’s website. 

In the area of course material accessibility, several lawsuits have been filed on 

behalf of students with disabilities.  For example, two students with visual disabilities 

sued Florida State University because they could not access material from an e-learning 

system in their mathematics courses (Parry, 2012).  Florida State University was accused 

of discrimination due to inaccessible technology; the case settled out of court.  Another 

student at the University of Montana reported that approximately 75% to 90% of his 

classes contained an online component (Szpaller, 2012).  The Alliance for Disability and 

Students at the University of Montana filed a complaint with the U.S. Department of 

Education alleging students with disabilities face discrimination at the University of 

Montana due to inaccessible class assignments and material on the learning management 

system (LMS), inaccessible chats and discussion boards on the LMS, inaccessible 

documents posted on the webpages and websites, inaccessible videos that are not 

captioned, inaccessible library database materials, inaccessible course registration, and 

inaccessible classroom clickers.  The student who led the filing of the complaint reported 

that the professors at the University of Montana were not trained to use the screen 

reading software; thus, a disconnect existed between available digital technology and 

accessibility.  This disconnect was addressed in a statement to the U.S. Department of 

Justice (DOJ) by the senior counselor to the assistant attorney general for civil rights 

(Hill, 2012).  The DOJ was aware of challenges and opportunities in both accessible 
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technology in education (e.g., e-book readers and clickers) and website accessibility.  The 

DOJ recognized that the laws that help to regulate and to ensure equal treatment of 

students with disabilities were written prior to the emergence of electronic technologies.  

However, the applicability of the ADA to class assignments in an LMC accessibility 

dictates that assignments contained in an LMS must be assessable to students with 

disabilities.  To deprive students of access to class assignments, regardless of whether the 

assignments are distributed in person or delivered through an LMS, deprives the student 

of a property and liberty interest.  In summary, universities are required to make content 

and assignments in all courses available to students with disabilities. 

Advancements in technology have led to the development of screen capture 

software (i.e., software that enables a user to record synchronously items displayed on a 

computer screen with audio).  Screen capture software has a variety of uses in education, 

including the recording of classroom lectures.  All material made available to students 

must be ADA compliant—meaning that the material must be accessible to all students.  

In order for material to be accessible, it must afford a student with a disability “the 

opportunity to acquire the same information, engage in the same interactions, and enjoy 

the same services as a person without a disability in an equally effective and equally 

integrated manner, with substantially equivalent ease of use” (Iowa Community College 

Online Consortium, 2016, “Accessibility,” para. 1).  Additionally, the material must be 

made accessible to students with disabilities—even if the instructor is not made aware of 

disabilities.  Consequently, all videos produced from screen capture software programs 

must be captioned.  Camtasia Studio (TechSmith Corporation, 2016) is one of the leading 

screen capture software currently available.  Camtasia Studio allows the user to edit audio 
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and screen video separately, and it supports both open and closed captioning (TechSmith 

Corporation, 2016).  Group pricing is available for educational institutions, and, at the 

time of writing, individual licenses can be purchased for $299 (TechSmith Corporation, 

2016). 

Teaching Mathematics in Face-to-Face Classrooms 

Mathematics classrooms taught in the face-to-face format can all have a tendency 

to look the same, regardless of the age of the students (i.e., elementary, secondary, or 

higher education).  Allen (2011) summarized the longstanding tradition of teaching 

mathematics in a classroom using five steps: (a) administer warm-up or launch activity, 

(b) correct homework from previous lesson, (c) present new material, (d) offer guided-

practice of new material, and (e) assign new homework.  Allen (2011) pointed out that 

these five steps were “repeated daily, week after week, year after year” (p. 2).  Why do 

educators continue to teach mathematics the same way, yet they expect different results? 

As a discipline, mathematics is extremely prescriptive in nature.  Strict rules must 

be followed.  Teachers explain the rules (e.g., the teacher shows the steps involved in 

order to solve a linear equation), and the students are expected always to follow the rules 

(e.g., combine like terms, isolate the variable term, solve for the variable).  Each class 

session, students learn one rule at a time.  The rules are reinforced on homework 

assignments.  But the next class session, students are taught more rules.  Problems arise 

when students are required to show mastery of rules that have been learned over an 

extended period of time (e.g., a unit test)—there are too many formulas to be memorized 

(Singha, Goswami, & Bharali, 2012).  More problems arise when students are expected 

to use deductive reasoning along with the learned rules of mathematics in order to solve 
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real-world application problems—students “cannot understand the practical applicability” 

of mathematics (Singha et al., p. 200). 

Since the late 19th century, professional organizations in mathematics have been 

created at the national level such as the National Council of Teachers of Mathematics 

(circa 1920), Association of Mathematics Teacher Educators (circa 1920), Mathematical 

Association of America (circa 1915), and the American Mathematical Society (circa 

1888).  These organizations have annual meetings, offer publication opportunities, host 

conferences, and provide professional development opportunities.  Some organizations 

focus on teaching mathematics (e.g., National Council of Teachers of Mathematics, 

Association of Mathematics Teacher Educators), and others organizations focus on 

research in mathematics (e.g., Mathematical Association of America, Society for 

Industrial and Applied Mathematics, American Statistical Association).  The common 

thread of all these organizations is to promote interest in mathematics. 

History and Advances in Technology in Relation to Education 

History and Evolution of the Calculator 

The history and evolution of the calculator has been divided into four eras: (a) the 

Mechanical Age (circa 2500 BC to mid-1940s), (b) the Electronic Age (circa early 1940s 

to late 1960s), (c) the Microchip Age (circa late 1960s to late 1970s), and (d) the Virtual 

Age (circa early 1980s to present day) (Valentine, 2017).  R. King (1997) attributed the 

evolution of the modern-day calculator to seven milestones: portability, small size, 

replaceable batteries, increased functions, liquid crystal display, solar power, and 

cheapness.  These milestones were reached predominantly in the Microchip Age and 

Virtual Age. 
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The Mechanical Age dated from ancient times through the 1940s.  The abacus is 

one of the oldest known calculating apparatuses.  The abacus was used in ancient times 

by the Sumerians (2700-2300 BC) and Egyptians to perform basic calculations by 

moving beads along vertical rods.  The Chinese abacus, called the suanpan, was 

constructed of vertical rods separated into a top deck that contained two beads on each 

rod, and a bottom deck that contained five beads on each rod (Jing, 2003).  The long 

scroll Riverside Scenes at Quingming Festival, by Zhang Zeduan from the Song dynasty 

(960-1279 A.D.) contained a picture of a suanpan (Jing, 2003).  Aside from the abacus, 

the true beginning of the calculator started in 1617 (Hawkins, 1988).  John Napier created 

Napier’s Bones (circa 1617), the first manually operated device that calculated products 

and quotients based on lattice multiplication (Hansen, 2007).  In 1622, William Oughtred 

was credited with creating the slide rule (The Oughtred Society, 2013).  Learning how to 

perform operations on the slide rule remained a component of basic mathematic 

education until the 1980s.  Typical operations performed on the slide rule included 

multiplication and division; however, the slide rule also was used to find values of square 

roots, trigonometric operations, and logarithms.  In 1642, the first mechanical calculator 

was invented by Blaise Pascal (Lexicon’s History of Computing, 1982).  The Pascaline 

could perform all four basic calculations—addition, subtraction, multiplication, and 

division. 

Relatively little progress was made until Charles Xavier Thomas de Colmar’s 

invention in 1820.  The Arithmometer became the first commercially successful 

calculating machine, although no clones were manufactured until 1870 (S. Johnson, 

1997).  Almost 60 years passed before Frank Baldwin invented the Baldwin 1875—the 
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first pinwheel calculator that was sold and used commercially (Wolff, 2013).  Another 

decade passed.  In 1887, Dorr Eugene Felt received a patent for the Comptometer—the 

first key-controlled (i.e., push button) calculating machine (History, 2016).  One of the 

last four-function machines to be invented during the Mechanical Era was developed in 

1945 by Curt Herzstark.  The Curta earned its place in history as being the first hand-

held, pocket-sized mechanical calculator (Hicks, 1995). 

As the world was preparing for war, there became a need to develop a machine 

that could calculate trajectories of bombs and torpedoes.  The Electronic Era had arrived!  

In 1943, a prototype machine called the Colossus became operational.  Its specialized 

purpose was to break encrypted German radio codes in WWII using Boolean algorithms 

(Dasgupta, 2014).  Three years later, in 1946, the Electronic Numerical Integrator And 

Computer (ENIAC) made its debut.  Developed by Army Ordnance during WWII to 

compute ballistic firing tables, ENIAC became the world’s first electronic digital 

computer (Weik, 1961).  The ENIAC weighed 27 tons and covered 1,800 square feet of 

floor space; plus, it required 17,468 vacuum tubes, 7,200 crystal diodes, 70,000 resistors, 

10,000 capacitors, and 5 million hand-soldered joints (Valentine, 2017).  Compact and 

portable, it was not.  In 1961, Control Systems Ltd. developed the first electronic desktop 

calculator called A New Inspiration To Arithmetic/Accounting (ANITA).  ANITA used 

the same push-button key layout as did the Comptometers from the 1880s and sold for 

approximately $1,000 (Tout, 2002). 

In the 1960s—during the Electronic Age, there was a transition from valve-and-

tube calculators to transistor calculators.  In 1964, the first commercial transistorized 

desktop calculators were released—the American Friden 130 series, the Italian IME 84, 
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and the Sharp Compet CS10A (Tout, 2000).  Retailing at approximately $2,500, the price 

of one desktop calculator was comparable to a new car.  In 1965, the first commercial 

programmable desktop computer called Olivetti Programma 101 was produced.  It had a 

built-in card writer/reader, a high-speed printer, and retailed for $3,200 (Curtamania, 

2012).  In 1967, Texas Instruments released the first hand-held electronic calculator 

named Cal-Tech—a four-function calculator with 18 keys that was able to print results on 

a paper tape (Texas Instruments Inc., 1996). 

Now that the size of the calculator had been reduced significantly, portability 

became top priority.  This priority marked the start of the era of the Microchip Age.  All 

desktop calculators invented prior to the late 1960s relied on alternating current.  In 1969, 

Sharp’s QT-8D Micro Compet and QT-8B were the first calculators to use a Large Scale 

Integration chip and to be powered by rechargeable cells (i.e., battery powered).  The 

portable hand-held calculator had arrived!  By 1970, the four-function calculator 

Busicom LE-120 was released—it used four AA batteries and was the first to have a 

Light-emitting diode (i.e., LED) display.  In 1972, the first scientific calculator named 

Hewlett Packard HP-35 was released.  Costing approximately $395, the HP-35 had both 

trigonometric and algebraic functions.  Months later, Texas Instruments released the TI 

SR-10 algebraic pocket calculator, costing $150.  Not only was the TI SR-10 capable of 

using scientific notation, but it also contained an extra key for the irrational number Pi.  

In 1974, two calculators were released: (a) the TI SR-50, which was the first calculator 

capable of calculating both trigonometric and logarithmic functions, and (b) the HP-65, 

which was the first calculator capable of storing and retrieving programs.  In 1979, the 

HP-41C became the first alpha-numeric programmable calculator.  The last two 
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milestones in the evolution of the calculator were reached in the 1970s.  First, the TI-

2550 (released in 1974) was the first sub-$10 calculator.  Second, the Teal Photon was 

introduced in 1978 as one of the first solar cell powered calculators. 

Pocket-sized calculators were now affordable and abundant.  A new technology 

was dawning at the start of the Virtual Age.  In 1985, Casio released the first graphing 

calculator called the FX-7000G.  In 1990, Texas Instruments released the TI-81 graphing 

calculator.  Targeting the educational market, TI released the TI-80 and TI-73 aimed 

towards grade-school aged students and released the TI-85 and TI-86 aimed towards 

senior high students.  In 1993, BellSouth/IBM Simon Personal Communicator released a 

cell phone containing Personal Digital Assistant (i.e., PDA) functions and a calculator.  

By 1996, the first true smartphone arrived.  Nokia’s 9000 Communicator bundled a 

mobile phone with PDA functions and Internet connectivity. 

The 2000s brought about many more advances, including the Blackberry phone 

(circa 2003), the first Apple iPhone (circa 2007), and the first Apple iPad (circa 2010).  

Additionally, graphing calculators were updated with color displays, animated 2D and 3D 

graphics, and the capability to receive data inputs from multiple sources.  Table 19 

provides a brief summary of the significant developments in the history and evolution of 

the calculator. 
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Table 19 

Summary of the History and Evolution of the Calculator 

Era Year Invention 

Mechanical 2500 BC Abacus 

 1617 Napier’s Bones 

 1622 Slide Rule 

 1642 Pascaline – first mechanical calculator 

 1820 Arithmometer 

 1875 Baldwin 1875 – first pinwheel calculator 

 1887 Comptometer – first key-controlled calculating machine 

 1945 Curta – first hand-held, pocket-sized mechanical calculator 

Electronic 1943 Colossus 

 1946 ENIAC – first digital computer 

 1961 ANITA – first electronic desktop calculator 

 1964 Compet CS10A – first commercialized desktop calculators 

 1965 Olivetti Programma 101 – first commercial programmable desktop 
computer 

 1967 Cal-Tech – first hand-held electronic calculator 

Microchip 1969 QT-8D Micro Compet, QT-8B – first battery-powered calculators to 
use a Large Scale Integration Chip 

 1970 Busicom LE-120 – first four-function calculator 

 1972 HP-35 – first scientific calculator 

 1974 TI SR-50 – first calculator capable of trig and log functions; HP-65 – 
first calculator capable of storing and retrieving programs,  
TI-2550 – first sub-$10 calculator 

 1978 Teal Photon – first solar cell powered calculator 

 1979 HP-41C – first alpha-numeric programmable calculator 

Virtual 1985 FX-7000G – first graphing calculator 

 1990 TI-81, TI-90, TI-73, TI-85, TI-86 – graphing calculators targeting the 
educational market 

 1993 First cell phone containing a calculator 

 1996 First smart phone 

 2000s First Blackberry, iPhone, iPad, tablets, smart devices 

Note. From “The Calculator Site: The History of the Calculator,” by N. Valentine, 2017, 
The Calculator Site.  Copyright 2017 by ARGH Industries Ltd. Adapted with permission. 
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History and Evolution of Computers 

We live in a society where electronic devices surround us, including cell phones, 

smart hand-held devices, tablets, iPads, laptop computers, gaming systems, home 

automation systems, and security systems.  It is difficult to recall a time when we were 

not controlled by these devices.  Our current electronic devices arrived as a result of the 

evolution of the computer. 

The image that we associate with the word computer took several hundred years 

to evolve.  The term computer was first recorded in 1613 in the book The Yong Mans 

Gleanings by Richard Braithwait to describe a human who performed computations 

(Computer Hope, 2017b; TNW Deals, 2016).  After the industrial revolution in the late 

19th century, the term computer was used to refer to a machine—rather than a human—

whose primary purpose was calculating.  In order to understand and to appreciate the 

devices that are currently used in an online higher education mathematics course, certain 

milestones that helped us to advance are listed in Table 20.  To list all the milestones 

would be impossible.  Indeed, there are semester-long courses at institutions of higher 

education that are devoted to studying the history of computers. 
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Table 20 

Milestones that Led to the Development of the Modern Day Computer 

Year Milestone 

1600 William Gilbert coined the term electricity 

1623 The Speeding Clock - first known workable mechanical calculating machine invented 
by Wilhelm Schickard 

1642 Pascaline invented by Blaise Pascal 

1679 Gottfried Leibniz demonstrated binary arithmetic 

1725 Early form of punch cards used in textile looms 

1752 Kite flown by Benjamin Franklin was struck by lightening 

1774 First telegraph was built 

1792 Claude Chappe invented semaphore line for communicating over long distances 

1804 Fully-automated loom programmed by punch cards invented by Joseph-Marie 
Jacquard 

1820 Arithmometer created by Charles Xavier 

1822 Difference Engine created by Charles Babbage – first automatic computing machine 

1836 Morse code invented by Samuel Morse and Alfred Vail 

1837 Analytical Engine created by Charles Babbage – first general mechanical computer 

1838 First telegraph message dispatched over a line 

1861 First transcontinental telegraph line began operation 

1868 Patent for typewriter utilizing QWERTY layout on keyboard received by Christopher 
Sholes 

1875 American Telephone and Telegraph Company (AT&T) was founded 

1876 First telephone call was made 

1877 Microphone invented by Emile Berliner 

1878 First motion picture created by Eadeard Muybridge 

1883 Thomas Edison discovered the Edison Effect 

1888 Nikola Tesla patented the rotating field motor – to create and transmit AC power 

1889 Nintendo was founded 

1896 Niagara Falls began generating power from Nikola Tesla’s AC power generators 

(continued) 
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Year Milestone 

1915 First telephone call across the continent was made 

1920 First radio broadcast in the United States 

1930 Geophysical Services Inc. was founded (later became Texas Instruments) 

1934 The Federal Communications Commission was established 

1938 Z1 created by Konrad Zuse – first electro-mechanical binary programmable computer 

1942 Atanasoff-Berry Computer (ABC) – first electrical computer to use vacuum tubes 

1943 Colossus developed by Tommy Flowers – first electric programmable computer 

1946 ENIAC created by Presper Eckert and Jon Mauchly – first digital computer 

1949 EDSAC – first stored program electronic computer 

1950 UNIVAC 1101 – first computer capable of storing and running a program from 
memory 

1953 IBM’s 701 – first commercial scientific computer 

1954 TAC – Toshiba’s first computer 

1955 Whirlwind Machine – first digital computer with magnetic core RAM and real-time 
graphics introduced by MIT 

1956 Transistorized Experimental (TX-O) – first transistorized computer; 
First computer with a hard drive shipped by IBM, capable of storing 5 million 
characters 

1957 Sputnik - first satellite was launched 

1958 NEAC 1101 – NEC’s first computer;  
First integrated circuit was developed;  
Tennis for Two was created by William Higinbotham – first video game 

1960 PDP-1 – first of many PDP computers released by Digital Equipment Corporation; 
Approximately 2000 computers were in use in the United States 

1962 Space War created by Steve Russell – first game intended for computers 

1962 First commercial communications satellite launched by AT&T 

1965 PDP-8 – first successful commercial minicomputer introduced;  
Programma 101 – first commercial programmable desktop computer, approximately 
44,000 sold 

1966 HP-2115 – HP’s first general computer 

1968 HP-9100A – first mass-marketed desktop computer 

(continued) 
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Year Milestone 

1969 First ATM went into service 

1971 KENBAK-1 – first personal computer; Intel 4004 – first microprocessor introduced by 
Intel;  
First email sent by Ray Thomlinson;  
8” Floppy disk – first portable storage device made of magnetic film introduced 

1973 Micral – first commercial non-assembly micro-computer;  
First handheld cellular phone call was made 

1974 Telenet – first commercial version of ARPAnet was introduced;  
considered to be the first Internet Service Provider 

1975 Ed Roberts coined the term personal;  
Altair 8800 introduced by Ed Roberts;  
IBM 5100 – first portable computer; 
Microsoft was established by Bill Gates and Paul Allen 

1976 Apple I - first Apple computer by Steve Jobs and Steve Wozniak 

1977 First modem released for the home user;  
Mass-market computers introduced by Apple, Radio Shack, and Commodore 

1979 CompuServe – first commercial online service offering dial-up connection to anyone 

1979 More than 500,000 computers were in use in the United States 

1980 HP-85 – microcomputer with 16KB of RAM, 32-KB ROM, 5-inch CRT display, built-
in printer, tape drive, and keyboard;  
PAC-MAN released by NAMCO 

1981 Osborne-I – first successful portable computer/laptop introduced by Adam Osborne;  
IBM PC – first portable computer introduced by IBM;  
Commodore VIC-20 – became world’s most popular computer, costing $299.95 

1982 HX-20 – first notebook-sized computer introduced by Epson;  
First audio CD player sold by Sony;  
Tron – first movie to use computer generated special effects 

1983 More than 10 million computers were in use in the United States;  
GPS became available for civilian use;  
Compaq Portable – first PC clone, compatible with IBM computers;  
Nintendo released first game console and home computer;  
Tandy Radio Shack, Epson, and NEC began selling notebook computers 

(continued) 
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Year Milestone 

1984 Apple released the Apple Macintosh computer – sales reached  
100,000 in 6 months;  
William Gibson coined the term cyberspace;  
Tetris was released;  
Dell and Cisco were founded 

1985 Super Mario Brothers was released by Nintendo 

1986 PC Convertible – IBM’s first laptop;  
More than 30 million computers were in use in the United States 

1988 Creative Labs introduced the Sound Blaster – a sound card for the PC 

1990 Hubble telescope was launched;  
The World – first commercial Internet dial-up access provider came online 

1991 The World Wide Web was launched to the public;  
First cyber café opened in San Francisco 

1992 M2500 XL/2 and M4020 SX – first computers released by Tandy Radio Shack based 
on the MPC standard 

1993 First live streaming by the band Severe Tire Damage in Australia;  
First webcam connected to the Internet 

1994 IBM Thinkpad 775CD – first notebook with an integrated C-ROM 

1995 Toy Story – first completely computer generated movie 

1996 First time that more email was sent than US mail 

2000 More than 1/2 households in the United States have Internet access 

Note. From “Computer History Timeline,” by Computer Hope, 2017a, Computer 
Hope.  Copyright 2017 by Computer Hope.  Adapted with permission. 

ENIAC, the first digital computer, was put into use at the University of 

Pennsylvania in 1946 (Molnar, 1997).  The use of computers in education appeared less 

than 60 years ago when the first computer-based learning environment, PLATO, was 

developed at the University of Illinois in 1959 (Molnar, 1997).  In the 1960s, the National 

Science Foundation supported the growth of computers in education by developing 30 

regional computing networks in more than 300 higher education institutions (Molnar, 

1997).  Due to the size and expense of the first computers, private home ownership of a 



111 

 

computer was not feasible until 1977 when the first mass-market computers (i.e., Apple’s 

Apple II, Radio Shack’s TRS-80, and Commodore’s Personal Electronic Transactor) 

were introduced (Knight, 2014, 2016).  Four years later, IBM introduced the IBM PC 

(Knight, 2014).  After the arrival of the personal computer, computers were “at the office, 

the school room, the home, and in laboratories and libraries” (Molnar, 1997, p. 66).  By 

1983, the computer industry estimated that 10 million personal computers were in use in 

the United States (Knight, 2014). 

Another topic related to the evolution of the computer is the progression of 

storage devices for computers (see Table 21).  Even though the use of magnetic tape 

began in 1928, the first generation of digital computers used vacuum tubes for storage.  

In the early 1960s, transistors and core memories helped to reduce the size and cost 

associated with computers.  The first high-level programming languages—FORTRAN 

and COBOL—made their appearance in the early 1960s.  In 1971, the 8”-floppy disk had 

arrived.  Additionally, the use of integrated circuits continued to reduce the size and cost 

associated with computers.  Soon after the arrival of the personal computer, the invention 

of compact disks in 1980 revolutionized data storage.  In the last 10 years, flash drives 

have been replaced by cloud storage.  The advancements in computers and computer 

storage devices have helped to transform distance education into what we know it today.  

However, there is yet another very important topic that remains to be discussed—how all 

of the computer devices are connected. 
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Table 21 

Types of Storage for Computers 

Year Type of Storage 

1928 Magnetic tape 

1932 Magnetic drum 

1946 Magnetic tube 

1948 Selectron tube 

1949 Delay line memory 

1950s Magnetic core 

1956 Hard disk 

1963 Music tape (audio cassette) 

1966 Dynamic Random Access Memory (DRAM) cells 

1968 Twister cells 

1970 Bubble memory 

1971 8” Floppy disk (first portable storage device made of magnetic film) 

1976 5.25” Floppy disk 

1980 Compact Disc (CD) 

1981 3.5” Floppy disk 

1984 Compact Disk Read-Only Memory (CD-ROM) 

1987 Digital Audio Tape 

1989 Digital Data Storage (DDS) 

1990 Magneto-Optical disc (3.5’ to 5.23” discs) 

1993 Digital Linear Tape (DLT) 

1994 CompactFlash (CF); Zip drive 

1995 Digital Video Disc (DVD); Flash memory card; Phasewriter Dual (PD); Compact Disc 
Rewritable (CD-RW) 

1997 Multimedia Card (MMC) 

1999 USB Flash Drive 

2000 Secure Digital (SD) cards 

2002 xD-Picture Card 

2003 Blu-Ray 

2004 Windows Media High Definition Video (WMV-HD); High-Density Digital Versatile 
Disc (HD-DVD); Holographic (PDF) 

2006 Cloud Data Storage 

Note. From “History of Data Storage Technology,” by Zetta Staff, 2016, Zetta.  
Copyright 2017 by Zetta Inc.  Adapted with permission. 
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History and Evolution of the Internet 

The history of the Internet dates back to 1957 when the Soviets launched 

Sputnik—the first manmade satellite—into orbit (History.com Staff, 2010).  The United 

States became concerned with the Soviet’s advancement in technology.  A Soviet attack 

in the United States could destroy the network of wires that made long-distance 

communication possible within the United States (History.com Staff, 2010).  Out of fear 

that the Soviets would win the Cold War, the United States began to focus on 

advancements in science and technology.  In August 1962, the M.I.T scientist J.C.R. 

Licklider proposed a solution to this problem (i.e., a way to communicate without the use 

of telephone wires) in a series of memoranda.  Licklider discussed his Galactic Network 

concept as “a globally interconnected set of computers through which everyone could 

quickly access data and programs from any site” (Leiner et al., 2012, p. 2).  In October 

1962, Licklider became the lead of a computer research program at the U.S. Department 

of Defense Advanced Research Projects Agency.  In July 1961, another M.I.T scientist 

Leonard Kleinrok published a paper on packet switching theory in which data were 

broken down into blocks (i.e., packets) before being sent to its destination (History.com 

Staff, 2010).  In late 1966, M.I.T. researcher Lawrence G. Roberts presented a paper on 

his plan for a computer network concept named ARPAnet (Leiner et al., 2012).  Within 3 

years, the concept of using packet switching and a computer network to communicate 

would become a reality. 

In 1969, the first host-to-host message was sent from a computer laboratory at the 

Network Measurement Center at UCLA to a computer located at Stanford Research 

Institute (History.com Staff, 2010; Leiner et al., 2012).  Although only the first two 
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letters of the original message “LOGIN” were received (History.com Staff, 2010) on the 

terminal computer, the ARPAnet was deemed a success.  By the end of 1969, four host 

computers were connected to ARPAnet (Leiner et al., 2012).  As growth of the ARPAnet 

continued (see Table 22), integrating more and more computers into one network became 

increasingly difficult—due to the need of the mini-networks to communicate with each 

other.  In 1973, Robert Kahn and Vinton Cerf invented what would later become known 

as the Transmission Control Protocol/Internet Protocol (TCP/IP) (History.com Staff, 

2010; Leiner et al., 2012).  The transition of the ARPAnet host protocol from the 

Network Control Program to TCP/IP was made in January 1983 (Leiner et al., 2012). 

Table 22 

Number of Internet Users by Year 

Year Number of Users 

1969 2, then 4 

1973 35 

1978 400 

1987 20,000 

1998 100 million 

2005 1 billion 

2012 2.4 billion 

Note. From “The Invention of the Internet,” by History.com, 2010.  Copyright 2017 by 
A&E Television Networks, LLC.  Adapted with permission. 

Throughout the 1980s, the network was used to send files and information from 

one computer to another.  In 1981, the National Science Foundation funded a non-

military network (i.e., the Computer Science Network) for universities in the United 

States (Zimmerman, 2012).  In 1983, the Domain Name System established the system 
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for naming websites (e.g., .edu, .gov, .com) (Zimmerman, 2012).  In 1990, Tim Berners-

Lee and his colleagues at CERN developed Hyper Text Markup Language (i.e., HTML), 

which would become the authoring language used to create documents on the World 

Wide Web.  The following year, Tim Berners-Lee introduced “the World Wide Web: an 

Internet that was not simply a way to send files from one place to another but was itself a 

‘web’ of information that anyone on the Internet could retrieve” (History.com, 2010, 

“The World Wide Web,” para. 1). 

Credit was given to Vinton Cerf for coining the term Internet (Get Connected, 

2009).  On October 24, 1995, the Federal Network Council agreed that the term Internet 

referred to  

the global information system that—(i) is logically linked together by a globally 

unique address space based on the Internet Protocol (IP) or its subsequent 

extensions/follow-ons; (ii) is able to support communications using the 

Transmission Control Protocol/Internet Protocol (TCP/IP) suite or its subsequent 

extensions/follow-ons, and/or other IP-compatible protocols; and (iii) provides, 

uses or makes accessible, either publicly or privately, high level services layered 

on the communications and related infrastructure described herein. (Leiner et al., 

2012, p. 14) 

The 1990s brought about several changes to the Internet.  The first search engine 

(i.e., Mosaic—which later became Netscape) was launched in 1993 (History.com Staff, 

2010).  Listing all the changes that have occurred in computer technology since the 1990s 

would be almost impossible (e.g., see Table 23 for a partial list of search engines that 

have been released).  Table 24 provides a list of significant events during the 1990s and 
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2000s that relate to the Internet.  Beginning in the 1990s, there was a drastic increase in 

the development of applications and software.  Table 25 provides a list of applications 

and software that are worth mentioning and relevant to this dissertation research study 

and mathematics (e.g., social media, capture software).  The Internet continues to evolve.  

Leiner et al. (2012) commented that if the Internet is going to remain relevant, then “it 

must continue to change and evolve at the speed of the computer industry” (p. 14).  Used 

on portable handheld devices, the Internet has made “possible a new paradigm of 

nomadic computing and communications” (Leiner et al., 2012, p. 14). 

Table 23 

Internet Search Engines by Year of Release 

Year Search Engine 

1993 Mosaic 

1994 Netscape 

1994 Yahoo! 

1995 Internet Explorer 

1998 Google 

2003 Safari 

2004 Firefox 

2008 Chrome 

2009 Wolfram Alpha 

2011 Google + 

 

 

  



117 

 

Table 24 

Significant Events Related to the Internet by Year 

Year Invention 

1969 ARPAnet; first host-to-host message sent 

1971 First virus (Creeper) 

1973 Term Internet is coined 

1974 First Internet Service Provider (Telenet) 

1981 NSF funded Computer Science Network (CSNET) 

1982 TCP/IP created by Robert Kahn and Vinton Cerf 

1983 Domain Name System established a system to name websites 

1984 Cyberspace coined by William Gibson 

1985 Symbolics.com became first registered domain name 

1987 Cisco shipped the first router 

1988 First worm (Morris) 

1990 HTML developed by Tim Berners-Lee 

1991 World Wide Web was introduced; WiFi technology created 

1993 First web browser (Mosaic);  
Number of websites reaches 600; White House and United Nations went online 

1994 Netscape; Yahoo!; Bluetooth technology created 

1995 America Online and Prodigy provide Internet access; Internet Explorer; Amazon.com; 
Craigslist; eBay 

1997 AOL launched instant messenger 

1998 Google search engine 

1999 First online shop (Zappos); Napster; First email virus (Happy) 

2001 Napster ordered to stop sharing copyrighted music; Wikipedia; iPod 

2003 MySpace; Skype; Safari Web browser and iTunes launched by Apple 

2004 Facebook; Flicker; Vimeo; Mozilla Firefox browser 

2005 YouTube.com; Reddit; First mobile virus (Cabir) 

2006 Twitter 

2007 iPhone; Tumblr; iPlayer 

2008 Chrome; Spotify; Apple App Store 

2010 iPad; Instagram; Pinterest 

2011 Google+ 

Note. From “Internet History Timeline: ARPAnet to the World Wide Web,” by K. A. 
Zimmerman, 2012, Live Science.  Copyright 2017 by TechMediaNetworks, Inc.  
Adapted with permission.  From “The History of the Internet 1969-2012,” by AVG, 
2014, AVG.  Copyright 2017 by AVG Technologies.  Adapted with permission. 
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Table 25 

Significant Applications and Software by Category 

Category Application or Software 

Google 
Applications 

Google News (2002); Froogle – which became Google Shopping 
(2002); Gmail (2004); Google Scholar (2004); Google Maps 
(2005); Google Earth (2005); Google Calendar (2006); Google 
Apps for Your Domain (2006); Google Docs and Sheets (2006); 
Google Street View (2007); Google Chrome (2008); Google Voice 
(2009); Google Wallet (2011); Google Drive (2012) 

Music and 
Television 
Applications 
 

Netflix (1997); Napster (1999); Rhapsody (2001); iTunes (2003); Amazon 
Unbox – which became Amazon Video on Demand (2006); Hulu (2007); 
Spotify (2008) 

Televideo Skype (2003); Tango (2009) 

Social Media 
(Information) 

Google; MSN; Wikipedia; Ask; Vista, CNN, Yahoo!; Fox; Reddit; 
Pinterest 
 

Social Media 
(Messaging) 
 

AIM (1997); GroupMe (2010) 

Social Media 
(Entertainment) 
 

LinkedIn (2002); MySpace (2003); Facebook (2004); Flickr (2004); 
YouTube (2005); Twitter (2006); Tumblr (2007); Instagram (2010); 
SnapChat (2011) 

Organization 
Applications 

Mendeley (2007); Dropbox (2007); OneDrive (2007); Evernote (2008); 
Keeper (2008); Google App Engine (2008); iCloud (2011) 

Capture Software 
and Voice-to-Text 

Dragon (1982); SnagIt (1990); Panopto (2007); LiveScribe (2007); 
VoxSigma (2008); Camtasia (2011) 

Academic  
(Anti-Plagiarism) 

TurnItIn (1997); iThenticate (2004) 

Academic 
(Computer 
Algebra Systems) 

SPSS (1968); SAS (1976); Maple (1984); Stata (1985); Mathematica 
(1988); TI-Nspire (2009) 

Academic  
(Other) 

AutoCAD (1982); MaxQDA (1989); ATLAS.ti (1993); NVivo (1999); 
QDAMiner (2004) 
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History and Evolution of Textbooks/eBooks 

Merriam-Webster defined textbook as a book about a particular subject that is 

used in the study of that subject especially in a school (Textbook, n.d.).  Textbooks have 

existed for as long as schools have existed; however, the word textbook came into general 

use in England in the latter part of the 18th century (Farrell & Tanner, 2002).  Prior to the 

invention of moveable type, hand-produced textbooks were owned by a small number of 

privileged individuals (Farrell & Tanner, 2002).  At the close of the 15th century, the first 

mass-produced textbooks were developed in Europe.  As colonized areas around the 

world achieved independence, the new nations created locally written textbooks to reflect 

their local histories.  Consequently, textbooks have been used as “political documents 

whose content reflects a given vision of a people, their history and position in the world, 

and their values and aspirations” (Farrell & Tanner, 2002, “Overview,” para. 4).  

Following the Revolutionary War, Noah Webster led the transformation of textbooks in 

the United States with his American Spelling Book in 1783 (Farrell & Tanner, 2002). 

A notable difference between textbooks and other types of books is the number of 

authors.  With exception in many subject areas at the university level, textbooks are 

generally written by a collection of authors (Farrell & Tanner, 2002).  After the 

curriculum is determined for a specific course, a list of specifications is given to either a 

public or private publishing agency for textbook development (Farrell & Tanner, 2002).  

The publishing agencies regulate the design, production, and distribution of the 

textbooks.  Because the United States does not have a centralized system of education, a 

wide variety and quantity of textbooks are available (Farrell & Tanner, 2002).  

Furthermore, advances in technology have led publishers to create more than just the 
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basic textbook; these optional learning materials include teachers’ guides, audiovisual 

material, PowerPoint presentations, and computer-access resources (Farrell & Tanner, 

2002). 

The origin of the eBook dates back to 1945, when Vannevar Bush presented the 

idea for an electronic book in his essay “As We May Think” (Manley & Holley, 2012).  

Although the definition of an eBook has evolved, the term eBook refers to textual 

material that is stored digitally to be delivered by electronic display (Gall, 2005).  D. T. 

Hawkins (2000) extended the definition of eBook to be the content of any book that is 

made available in electronic form through four different methods, comprising a 

downloadable, dedicated eBook; a dedicated eBook reader; a web-accessible eBook; or a 

pint-on-demand book. 

In 1971, Michael Hart envisioned the creation of the world’s first eBook library.  

Hart was given unlimited computer time—equating to $100,000,000—as lead of Project 

Gutenberg at the University of Illinois Materials Research Lab on the Xerox Sigma V 

mainframe (Manley & Holley, 2012).  The first text that Hart made available was the 

Declaration of Independence; he sent a message on ARPAnet stating that the text was 

available for download, and six people downloaded the text (History Cooperative, 2015).  

The first eBook had been created!  Hart soon made more texts available, including The 

Bill of Rights, the American Constitution, and the Christian Bible (History Cooperative, 

2015).  By 2010, Project Gutenberg had made more than 40,000 eBooks available 

(Manley & Holley, 2012). 

In 1987, the development of the software program called SuperBook 

revolutionized the navigation of an eBook.  SuperBook formatted “text to a standardized 
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title format, table of content, and page/word look up” (Manley & Holley, 2012, p. 297).  

SuperBook also allowed users to add annotations.  Ten years later, the U.S. Congress 

passed the Digital Millennium Copyright Act (DMCA) of 1998, which discouraged 

copying copyrighted materials.  In response to the DMCA, different types of digital rights 

management systems (e.g., data encryption, digital watermarks, and user plug-ins) were 

created (Manley & Holley, 2012). 

In the 2000s, the competition of eReaders was fueled by lowering costs and 

download accessibility of content.  The price of eReaders continued to drop (Manley & 

Holley, 2012).  By 2009, the list of eReaders had grown to include brands such as the 

Kindle, Sony Pocket Reader, iPad Touch, Acer Notebook, and the Nook (Manley & 

Holley, 2012).  In addition to different brands of eReaders, eBook-reading software (e.g., 

Bilo, Copia, Calibre, and Stanza) has become available for personal computers, laptops, 

smart phones, and PDAs (Gall, 2005; Manley & Holley, 2012).  Although eBooks have 

become a popular alternative to print books, one problem still faced by eReaders is the 

ability to display illustrations, graphs, diagrams, and charts (Dougherty, 2010). 

Whether in digital eBook format or hard-copy format, textbooks continue to be 

used.  One notable difference between eBooks and hard copy books is the use of page 

numbers.  In eBooks, page numbers do not exist due to the fact that the text can be altered 

by adjustments made to the font size and layout.  Consequently, the location of the text in 

an eBook is displayed as a percentage of the whole text (History Cooperative, 2015).  

Studies have been conducted to address reading comprehension differences between 

eBooks and hard copy books.  In particular, Green, Perera, Dance, and Myers (2010) 
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revealed no significant difference in recall performance when comparing the influence of 

hard copy to electronic presentation of text on memory. 

History and Evolution of the Registration Process in Higher Education 

The emergence of computers and the Internet brought about significant changes to 

the registration process for students in higher education.  Prior to the 1990s, registration 

for classes at institutions of higher education was typically conducted in the institution’s 

gymnasium.  The registration process would last several days.  A printed copy of the 

Schedule of Classes for the upcoming term was distributed in various locations 

throughout the institution.  Registration was based on seniority (e.g., students with 90 or 

more hours registered first, students with 60-89 hours registered second, students with 

30-59 hours registered third, students with 15-29 hours registered fourth, and students 

with less than 15 hours registered last).  Students who registered in the latter groups 

hoped that their chosen classes remained available until they were allowed to register.  

However, there was no guarantee of being enrolled in a class until the student traveled 

from station to station and visited the different departments throughout the gymnasium.  

Students had no way of knowing when classes reached the maximum enrollment number 

nor when changes were made to the schedule—until they visited the respective station. 

In the 1990s, several colleges and universities implemented a telephone 

registration process.  Registration continued to be based on seniority; however, students 

no longer were required physically to stand in line to register for classes.  Instead, 

students used a touch-tone phone.  The telephone registration process required patience 

and persistence due to the limited number of lines dedicated to the registration process.  

When mistakes were made during the telephone registration process (e.g., a wrong 
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number was pressed when entering a class request), students often were required to hang 

up and to restart the process. 

By the late 1990s and early 2000s, institutions of higher education moved to an 

Internet-based registration process.  When the official day of registration became 

available, all students were allowed to register—eliminating the restriction of registration 

by seniority.  Additionally, the Schedule of Classes were posted on the institution’s 

website.  Students were given the ability to see a list of courses being offered, together 

with the number of available seats remaining.  When changes were made to the classes 

(e.g., room location), students were able to view the changes instantaneously.  Currently, 

the Internet-based registration process continues to be utilized by most institutions.  

Difference exist among institutions (e.g., the type of software used to help students search 

and register for classes), but their students continue to be able to self-navigate and to self-

register for classes. 

Online Education 

History and Evolution of Distance Learning and the Learning Management System 

The origin of distance learning dates back to the 1840s when Sir Isaac Pitman 

began teaching shorthand by use of correspondence courses (California Distance 

Learning Project, 2011; Hickey, 2014).  Students received written lessons and return 

completed assignments through the mail.  In the 1920s, the shift from the Written Era to 

the Radio Era occurred in distance learning.  The delivery method of information 

changed drastically when radios began to broadcast educational programs (California 

Distance Learning Project, 2011).  In 1922, Penn State began to offer courses through the 

radio (Dumbauld, 2014).  In 1925, more than 200 colleges and universities were granted 
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radio broadcasting licenses (Dumbauld, 2014).  After the invention of the television in 

the 1940s, the Radio Era shifted to the TV Era.  As early as 1953, the University of 

Houston began offering televised college classes for credit (Miller, 2014).  In 1960—

prior to the invention of the Internet in 1969 by the U.S. Department of Defense—the 

University of Illinois developed Programmed Logic for Automatic Teaching Operations 

(PLATO), which allowed students to access course material and to listen to recorded 

lectures through a system of linked computer terminals (Culatta, 2011; Hickey, 2014).  

By the 1970s, PLATO had more than 1,000 terminals worldwide (Culatta, 2011). 

In the 1980s and 1990s, there was another shift in distance education from the TV 

Era to the Online Era.  In 1982, the Computer Assisted Learning Center (CALC) was 

founded in New Hampshire by Margaret Morabito as an offline computer-based, adult 

learning facility (Miller, 2014).  CALC later changed its name to CALCampus and 

obtained the Internet domain calcampus.edu (Morabito, 1986).  In 1994, CALCampus 

became the first institution to offer a completely online-based school using QuantumLink 

to provide curriculum through real-time classroom instruction (Morabito, 1986).  This 

revolutionized distance learning—no longer was the student isolated from the instructor 

or other classmates.  The use of computer-network communications made it possible for 

both synchronous communication (via webcam or chat rooms) and asynchronous 

communication (via email or discussion boards).  Regardless of location, instructors and 

students were able to share text, pictures, audio files, and video files (California Distance 

Learning Project, 2011). 

Distance education continued to experience rapid changes as it moved from the 

Online Era to the Modern Era.  Two important events that occurred in the late 1990s were 
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(a) the invention of what would become known as the Learning Management System 

(LMS), and (b) the first accreditation of an online institution.  In 1997, CourseInfo 

released the Interactive Learning Network (ILN)—the first e-learning system that used a 

relational database as its foundation (Culatta, 2011; Miller, 2014).  In the same year, 

Blackboard Inc. developed a standardized platform for course management and delivery 

(Miller, 2014).  Institutions of higher education are accredited by one of six regional 

accrediting agencies—Middle States Commission on Higher Education (circa. 1919); 

New England Association of Schools and Colleges Commission on Institutions of Higher 

Education (circa. 1885); North Central Association of Colleges and Schools, The Higher 

Learning Commission (circa. 1895); Northwest Commission on Colleges and 

Universities (formerly Northwest Association of Schools and of Colleges and 

Universities, circa. 1917); Southern Association of Colleges and Schools Commission on 

Colleges (circa. 1895); and Western Association of Schools and Colleges (circa. 1962).  

In 1999, the image of online education was changed when Jones International University 

became the first fully online university in the United States to receive accreditation by the 

North Central Association (Hickey, 2014).  Individual courses and programs at other 

institutions had received accreditation from accrediting agencies prior to 1999, but the 

accreditation of Jones International University enabled online education to be seen as a 

legitimate alternative to traditional, classroom-based education (Hickey, 2014). 

The 2000s brought more changes to distance education.  By 2003, at least 81% of 

colleges and universities offered at least one online class (Dumbauld, 2014).  In 2003, the 

LMS called Web Course Tools (i.e., WebCT) had more than 6 million student users at 

more than 1,300 institutions in 55 countries (Miller, 2014).  With the debut of YouTube 
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in 2005, people had a way to share short videos at no cost.  In 2006, iTunes U began 

offering lectures for download.  In 2008, the Khan Academy was founded—Salman Khan 

tutored his 12-year-old cousin in mathematics by telephone in 2004, and he began posting 

videos of tutorials on YouTube in 2006 (Dreifus, 2014).  Also in 2008, the concept of a 

Massive Open Online Course (MOOC) first appeared with the launch of the class called 

Connectivism and Connective Knowledge/2008—approximately 2,200 students took the 

course (Marques, 2013).  The concept behind a MOOC was to allow a large number of 

students to collaborate, to create new content, and to have discussions/debates using 

platforms such as forums, blogs, and social networks (Marques & McGuire, 2013).  By 

2009, approximately 5.5 million students were taking at least one course online 

(Dumbauld, 2014).  In 2012, the MOOC concept exploded when two Stanford professors 

created the class called Introduction to Artificial Intelligence—more than 160,000 

students in 190 countries took the course (Marques, 2013).  By 2014, the number of 

colleges and universities that offered online programs had grown to 98% (Dumbauld, 

2014).  Blackboard (2015) estimated that more than 21 million students were enrolled in 

at least one online course. 

An LMS is “a software application or web-based platform that helps organize and 

provide access to online learning” (Vayuvegula, 2011, “Characteristics,” para. 1).  There 

are three different categories of users of an LMS: (a) the administrator, who organizes 

and maintains the system; (b) the instructor, who creates content, delivers content, and 

monitors learner participation/progress; and (c) the learner, who benefits from the LMS 

by using its interactive features to accomplish learning outcomes of the course 

(Vayuvegula, 2011).  Features of an LMS include (a) managing users, courses, and roles; 
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(b) generating reports; (c) creating a course calendar; (d) sending messages and 

notifications; (e) uploading assessments; and (f) accessing and maintaining an ongoing 

record of performance (CommLab India, 2016).  In 2006, Blackboard announced Patent 

No. 6,988,138 B1 (Alcorn et al., 2006) on Internet-based education support system and 

methods.  This patent contained extensive claims of online course delivery (Culatta, 

2011).  In 2008, the U.S. Patent and Trademark Office reversed itself and rejected the 

patent claims (Lederman, 2009; McJohn, 2009).  Related patents held by Blackboard 

remained undecided until December 2009, when Blackboard announced that all pending 

lawsuits had been resolved (Kolowich, 2009).  Blackboard (2016) has the following 

patent pledge posted on their website: 

Blackboard hereby commits not to assert any of the U.S. patents listed below, as 

well as all counterparts of these patents issued in other countries, against the 

development, use or distribution of Open Source Software or Home-Grown Systems to 

the extent that such Open Source Software and Home-Grown Systems are not bundled 

with proprietary software…The commitment not to assert any of these named U.S. 

patents and all counterparts of these patents issued in other countries is irrevocable except 

that Blackboard reserves the right to terminate this patent pledge and commitment only 

with regard to any party who files a lawsuit asserting patents or other intellectual property 

rights against Blackboard or its parent or subsidiaries.  This pledge is binding on 

Blackboard’s successors and assigns. (“Patents,” para. 1) 

In 2016, there are hundreds of Learning Management Systems available; 

however, the market space is controlled by major companies such as Blackboard, Canvas 
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by Instructure, Moodle, Pearson Learning Studio, Sakai, and Desire2Learn (Friedman, 

2016). 

Advantages and Challenges of the Online Format from the Student Perspective 

Some institutions of higher education offer select classes in formats that differ 

from the traditional face-to-face (e.g., hybrid, iTV, or online).  As the enrollment for 

online courses continues to increase (Grinder & Stearns, 2014; Kim & Bonk, 2006), more 

online courses will be offered in each discipline.  Enrolling in a course offered in the 

online format provides a student with several advantages and challenges. 

There are multiple advantages to enrolling in an online course.  An online course 

allows a student to continue with other commitments (e.g., employment, family 

obligations).  The course material is available at all times of the day or night—providing 

the student the opportunity to complete assignments at a time that best fits his or her 

schedule.  Because the course material is online, the student is not required to spend time 

traveling to a physical location for the class.  The elimination of travel costs lowers the 

total cost of the course for the online student.  Being late to class due to traffic or the 

inability to locate a parking space on campus is no longer a concern to the student.  The 

student can access the course materials from any location (e.g., work, business trip, 

home, vacation).  The online format offers a comfortable learning environment for the 

student (e.g., at home in pajamas), thereby providing the student with a greater ability to 

concentrate.  Rather than having to visit an instructor during posted office hours or 

before/after class, an online student can contact the instructor at any time through email.  

Online courses promote life-long learning and teach a student to be self-disciplined and 

self-motivated. 
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As appealing as some of the advantages of an online course might be to a student, 

there are also challenges and disadvantages to enrolling in an online class.  An online 

student needs to be aware that some online courses are offered by institutions that are not 

accredited.  An online student might gain a false sense of security due to the 

misconception that learning online is easier than learning in a traditional classroom.  A 

considerable amount of more time might be required to gain an understanding of the 

material due to the fact that the student is responsibility for teaching the concepts to 

himself or herself (Morrison, 2012).  Because the class never physically meets, there 

could be little-to-no personal interaction between the student and instructor/other 

classmates—leading to a feeling of isolation (Walker, 2016).  Lastly, the flexibility 

offered by the online format can lead to procrastination and poor academic performance 

(Pychyl, 2011; Straumsheim, 2015). 

Challenges of Teaching Online Mathematics 

Teaching any class in the online format presents challenges to instructors.  When 

an instructor teaches a class in the face-to-face format, he or she can read the non-verbal 

body language and verbal cues of the students when assessing whether or not the students 

are understanding the material that is being presented during a lecture (Kossan & Ryman, 

2011).  If an instructor observes that students are struggling with a new concept, then he 

or she can make adjustments to the lecture (e.g., provide additional explanation, work an 

addition example, explain the concept using a different technique).  However, in the 

online environment, instructors are not able to observe these cues.  Instead, the instructor 

must rely on the student to take the initiative and to ask for help if the student does not 

understand a concept.  To address this issue, the online instructor can provide reassurance 
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that help is available (Sull, 2010).  Reminding students that optional help is available 

helps to eliminate the feeling of anxiety and isolation that can arise when they do not 

understand the material.  The instructor can encourage students to meet virtually using 

chatrooms or other technologies (e.g., Skype).  The instructor should remain in regular 

contact with the students, either through emails or different tools (e.g., discussion boards) 

provided in the online classroom.  If designed with the intent to provide multiple 

resources that aid in learning the material, the online classroom can eliminate the 

independent learning component of an online course.  Because online students are not in 

a physical classroom on a regular basis to be made aware of assignment due dates, online 

instructors should consider sending weekly reminders about upcoming assignments (e.g., 

email reminders, announcements that appear upon login to the online classroom, 

checklists built into the content modules in the online classroom).  Software created by 

the textbook publishers is commonly used in online mathematics courses (e.g., Pearson’s 

MyMathLab, Mc-Graw Hill’s ConnectMath, Cengage’s Enhanced Web Assign, Hawk’s 

Hawks Learning).  Contained in the software are learning aids that are designed to assist 

students during the learning process (e.g., MyMathLab has “View An Example,” “Help 

Me Solve This,” and “Ask My Instructor” options available on homework problems) 

(Pearson Higher Education, 2016).  An online instructor needs to make certain that 

students understand that these resources are available and how to use them. 

Teaching mathematics in the online format presents challenges—especially with 

respect to how to deliver content and to provide explanations to student questions—that 

other disciplines do not necessarily encounter when teaching in the online format.  

Mathematics is not a speech-based or text-based discipline.  When teaching a 
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mathematics course in a face-to-face format, the instructor demonstrates step-by-step 

directions when presenting the content.  The face-to-face students often are encouraged to 

work actively with the instructor as examples are presented during the lecture.  With the 

advancement of technology, this same learning environment can be made available to 

mathematics courses taught in the online format (Smyth, 2010).  Instructors can record 

complete lectures using screen capture software and a tablet PC—equipped with software 

that enables the instructor to write on the screen (e.g., Journal, OneNote, Adobe).  These 

lectures can be uploaded into the online classroom to help simulate a face-to-face 

learning environment.  Additionally, this same technology can be utilized when providing 

detailed solutions to homework questions posed by students.  If solutions to the questions 

involve the use of a graphing calculator, an instructor can utilize software (e.g., Virtual 

TI) within the video explanations. 

Lecture Capture Software 

Lecture capture software began to make its debut in the mid-2000s.  For example, 

Panopto (2016) was founded in 2007, but did not begin selling to universities until 2011.  

By the late-2000s, researchers began to explore topics related to lecture capture in the 

classroom.  When lecture capture was new to the education environment, some studies 

included a component on the impact of lecture capture and classroom attendance 

(Bollmeier, Wenger, & Forinash, 2010; Marchand, Pearson, & Albon, 2014; Toppin, 

2010). 

Most studies have been discipline specific.  For example, Euzent, Martin, Moskal, 

and Moskal (2011) assessed student performance and perceptions in lecture capture by 

examining two large (N > 300) introductory Economics classes.  One class involved the 
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use of traditional face-to-face lecture, whereas the other class involved the use of lecture 

capture.  All assignments and assessments were the same for both classes during the 

observational period.  Euzent et al. (2011) found that the different delivery formats 

produced no significant differences in student performance.  Further, 73% of students 

who completed the lecture capture class reported that they would choose to take another 

lecture capture course (Euzent et al., 2011).  Although 80% of students indicated that the 

lecture capture class was as good as or better than was the traditional lecture class, the 

number of students who withdrew from the lecture capture class was greater than was the 

number of students who withdrew from the traditional lecture class, 5.1% and 1.9%, 

respectively (Euzent et al., 2011). 

Bollmeier et al. (2010) examined the relationship between students accessing 

recorded lectures online and course grades and class attendance in a therapeutics course 

during Year 2 of a 6-year program.  The researchers found no relationship between final 

course grades and the number of minutes that the lectures were viewed, nor between class 

attendance and the number of minutes viewed (Bollmeier et al., 2010).  However, the 

students in the study who had access to lecture capture in 2009 outperformed students in 

the same program the preceding year (i.e., 2008) who did not have access to lecture 

capture on the final examination (Bollmeier et al., 2010).  Additionally, 72% of students 

reported that the lecture capture had no influence on class attendance (Bollmeier et al., 

2010). 

Marchand et al. (2014) examined students and faculty perceptions of lecture 

capture used in a pharmacy education program.  Traditional lectures were recorded, 

edited, and made available to students within 72 hours to view—but not to download—
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using a password-protected LMS (Marchand et al., 2014).  Although the students and 

faculty members agreed that lecture capture was a valuable resource, the students and 

faculty members differed in their perceptions of the effect of lecture capture on class 

attendance—the faculty members reported a drop in attendance (Marchand et al., 2014). 

Toppin (2010) reported that students viewed lecture capture to be beneficial and 

that lecture capture did not negatively impact class attendance—affirming the findings in 

other studies.  Additionally, 11.5% of student participants stated that lecture capture 

increased their class attendance rates (Toppin, 2010).  Faculty members in a variety of 

disciplines were given two options in creating video lectures: (a) record lectures during a 

live class, or (b) pre-record lectures outside of class for students to view prior to coming 

to class.  Lastly, Toppin (2010) reported that students who attended class were more 

unlikely to view the lectures again using lecture capture. 

The concept of the flipped classroom was first introduced by Alison King (1993).  

In the flipped-classroom model, the lecture and homework elements are reversed–

students view lectures prior to attending class, and class time is used to engage the 

students in discussions or group activities (Educause, 2012).  The development of lecture 

capture has made the flipped classroom concept more popular in higher education.  

Several studies have been conducted to assess student performance in the flipped 

classroom environment, but the studies reviewed were not specific to the discipline of 

mathematics.  Missildine, Fountain, Summers, and Gosselin (2013) reported that the 

examination scores for nursing students who used the flipped classroom approach of 

lecture capture with innovative classroom activities (M = 81.89, SD = 5.02) were higher 

than were both the examination scores of students who used traditional lecture only (M = 
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80.70, SD = 4.25) and the examination scores of students who used lecture and lecture 

capture back-up (M = 79.79, SD = 4.51).  Pierce and Fox (2012) reported a similar 

finding in a flipped classroom study for pharmacy students.  Specifically, pharmacy 

students who viewed video lectures prior to class for a certain module of material 

performed better on the final examination than did students who completed the same 

module of material in a traditional classroom setting (Pierce & Fox, 2012). 

Yoon and Sneddon (2011) studied student perceptions of lecture capture in 

undergraduate mathematics courses.  As previously mentioned in Chapter II, mathematics 

is not a speech-based or text-based discipline.  Yoon and Sneddon (2011) discussed the 

importance of using a tablet PC when creating mathematical lecture capture videos, 

namely, in order for the student to hear and see simultaneously the symbols and 

explanations used when explaining mathematical concepts.  In addition to reporting that 

lecture capture did not negatively impact classroom attendance, Yoon and Sneddon 

(2011) reported that the most common reason that students used tablet PC-recorded 

lectures was to supplement the live lecture that they had already attended. 

Summary 

The acquisition of mathematical skills begins early in life and continues 

throughout the formal education process.  The continued acquisition of mathematical 

skills—or lack thereof—can have far-reaching consequences on the global and national 

level.  The reform of mathematics education continues to be on the forefront at both the 

national level in the United States and the state level in Texas.  The research reviewed 

reflected the current policies and standards that govern K-12 and higher education 

mathematics.  A brief summary of the history and advances in technology (e.g., the 
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calculator, computers, the Internet) was provided.  These advances in technology have 

enabled a transformation to occur in mathematics education.  As new technology has 

been developed, distance learning courses in higher education institutions have evolved.  

In particular, classroom capture software has transformed how instructional content has 

been delivered in online mathematics courses.  The research reviewed focused on the use 

of lecture capture in traditional face-to-face classrooms and flipped classrooms.  

Additionally, most lecture capture studies reported either on the effects that lecture 

capture had on classroom attendance or on the perceptions of students and faculty on 

usage of lecture capture.  However, the available literature on the perceptions and effects 

of lecture capture software in an online mathematics classroom is sparse. 
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CHAPTER III 

Methodology 

In response to the lack of knowledge base in the existing literature concerning 

classroom capture software, this study examined the perceptions and effects of classroom 

capture software on course performance as it related to select online mathematic students 

at a community college.  A combination of quantitative and qualitative data were 

collected in two phases that occurred concurrently, although the qualitative data was 

given more importance.  This resulted in what Leech and Onwuegbuzie (2009) called a 

fully mixed concurrent dominant status design.  The dependent variable, success rates, 

was measured with data collected at the end of three consecutive semesters (i.e., Fall, 

Spring, and Summer) during a chosen academic school year (i.e., 2012-2013).  

Additionally, qualitative data were collected from interviews with both instructors and 

students.  As a result of the interviews, I gained a better understanding of the experiences 

of instructors and students who utilized classroom capture software in online 

mathematics courses.  As part of the data collection and analyses, I used mixed methods 

research techniques in order to enhance the significance of the findings (Collins, 

Onwuegbuzie, & Sutton, 2006). 

Chapter 3 includes a restatement of the research questions and quantitative 

hypothesis.  Additionally, Chapter 3 includes a presentation of the mixed methods 

sampling design (i.e., Step 6 of the mixed methods research process; Collins, 

Onwuegbuzie, & Sutton, 2006).  Details of Step 6 includes a description of the 

participants, population, sampling, ethical considerations, and training of the researcher.  

Chapter 3 also contains an explanation of Step 7 of the mixed methods research process 
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(Collins, Onwuegbuzie, & Sutton, 2006), which includes a description of the quantitative, 

qualitative, and mixed research design.  The descriptions for the quantitative and 

qualitative research phases include information regarding instrumentation, procedures, 

and data analyses.  Finally, a description for the mixed data analysis procedures is 

provided.  Chapter 3 concludes with delineation of findings and a summary of the 

chapter. 

Research Questions 

As identified by Plano Clark and Badiee (2010), mixed methods research can be 

utilized to address the following types of research questions: separate research questions 

(i.e., one or more quantitative research questions coupled with one or more qualitative 

research questions), general overarching mixed methods research questions (i.e., broad 

questions that are addressed using both quantitative and qualitative approaches), hybrid 

mixed methods issue research questions (i.e., one question with two distinct parts such 

that a quantitative approach is used to address one part and a qualitative approach is used 

to address the other part), mixed methods procedural/mixing research questions (i.e., 

narrow questions that direct the integration of the qualitative and quantitative strands of 

the study), combination research questions (i.e., at least one mixed methods question 

combined with separate quantitative and qualitative questions), independent research 

questions (i.e., two or more research questions that are related, with each question not 

depending on the results of the other question[s]), dependent research questions (i.e., 

questions that depend on the results stemming from addressing another question), 

predetermined research questions (i.e., questions based on literature, practice, personal 

tendencies, and/or disciplinary considerations that are posed at the beginning of the 



138 

 

study), and emergent research questions (i.e., new or modified research questions that 

arise during the design, data collection, data analysis, or interpretation phase).  Using 

Plano Clark and Badiee’s (2010) classification, I utilized combination research questions 

(i.e., at least one mixed research question combined with separate quantitative and 

qualitative questions). 

Quantitative Research Question 

The following quantitative research question was addressed: 

1.  What is the difference in success rates—as defined by overall numeric course 

grade—between community college students who are taught an online mathematics 

course in which classroom capture software is used and community college students who 

are taught an online mathematics course in which classroom capture software is not used? 

Qualitative Research Questions 

The following qualitative research questions were addressed:  

2.  What are select online mathematics community college students’ perceptions 

about the effect of classroom capture software on their performance in the online course? 

3.  What are select online mathematics community college instructors’ 

perceptions about the effect of classroom capture software on their students’ performance 

in the online course? 

4.  To what extent are perceptions of select online mathematics community 

college students regarding the effect of classroom capture software on their performance 

in the online course similar to those of their instructors? 

Mixed Methods Research Questions 

The following mixed methods research questions were addressed in this study: 
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5.  What is the prevalence of each of the perceived effects of classroom capture 

software by select online mathematics students? 

6.  How are the perceived effects of classroom capture software by select online 

mathematics students related to one another? 

7.  What is the relationship between online mathematics community college 

students’ self-reported use of classroom capture software and their success in the course? 

8.  What is the prevalence of each of the perceived effects of classroom capture 

software by select online mathematics instructors? 

9.  How are the perceived effects of classroom capture software by select online 

mathematics instructors related to one another? 

Quantitative Hypothesis 

The following hypothesis was tested in this study: A difference is present in 

overall numeric course grades between community college students who are taught an 

online mathematics course in which classroom capture software is used and community 

college students who are taught an online mathematics course in which classroom capture 

software is not used. 

Step 6: Select Sampling Design 

Onwuegbuzie and Collins (2007) identified five random and 19 purposive 

sampling schemes that are available in mixed methods research.  Because I conducted a 

quantitative research phase, a qualitative research phase, and a mixed research phase, I 

used different sampling schemes in each phase.  In the quantitative research phase, the 

unit of analysis was students.  The students were chosen using a two-step process.  In the 

first step, a criterion sampling scheme (Onwuegbuzie & Collins, 2007) was used to 
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identify instructors who taught online mathematics courses.  Collins, Onwuegbuzie, and 

Jiao (2007) described a criterion sampling scheme as a scheme wherein the researcher 

chooses “settings, groups, and/or individuals because they represent one or more criteria” 

(p. 272).  Instructors at a selected community college were required to meet certain 

criteria in order for their students to be included in the study.  As part of the quasi-

experimental research design (Campbell & Stanley, 1963), instructors were asked to 

indicate how they used classroom capture software in their online courses.  In the second 

step, all students who completed the selected instructors’ courses were grouped into one 

of two distinct groups: (a) unavailable—students who completed an online mathematics 

class where classroom capture software was not used in the online course and (b) 

available—students who completed an online mathematics course where classroom 

capture software was used in the online course (i.e., recordings were available for 

viewing).  Thus, the sampling scheme in the second step to select the student participants 

was stratified purposeful.  This sampling scheme was where the “sampling frame is 

divided into strata to obtain relatively homogeneous sub-groups and a purposeful sample 

is selected from each stratum” (Onwuegbuzie & Collins, 2007, p. 286).  Again, all 

students who completed the participating instructors’ online mathematics courses were 

included in the quantitative research phase of the study. 

In the qualitative research phase of this study, there were two units of analysis: 

instructors and students.  Interviews were conducted with both instructors and students.  

Both of these units of analysis were at different levels—yielding a form of multi-level 

sampling.  The instructors were selected purposefully using both a criterion sampling 

scheme and a convenience sampling scheme (Collins et al., 2007; Onwuegbuzie & 
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Leech, 2007a).  I asked the instructors who used classroom capture software in their 

online mathematics courses to participate in interviews for the qualitative research phase.  

The students in the qualitative research phase were selected using a multistage purposeful 

random sampling scheme (Onwuegbuzie & Collins, 2007).  This sampling scheme 

involved “choosing settings, groups, and/or individuals representing a sample in two or 

more stages.  The first stage is random selection and the following stages are purposive 

selection of participants” (Onwuegbuzie & Collins, 2007, p. 287).  I identified online 

mathematics students who (a) had classroom capture software available and (b) used 

classroom capture software in their online mathematics course.  I recruited and 

interviewed 10 students who were willing to participate in the study.  In my opinion, an 

extreme case sampling scheme for the student participants in the qualitative research 

phase would have provided richer data; however, neither the learning management 

system nor the classroom capture software used at the selected community college was 

able to be used to track individual student usage with respect to usage of the classroom 

capture software.  Benefits of tracking viewings of classroom capture software by 

individual students are discussed further in Chapter 5. 

Lastly, the mixed research phase consisted of two different sampling designs.  

Figure 6 describes Onwuegbuzie and Collins’s (2007) mixed sampling designs.  With 

respect to the student participants, I used a concurrent (i.e., quan + QUAL) design with 

nested samples (Onwuegbuzie & Collins, 2007).  In a concurrent design, data collected in 

one phase does not inform the data collected in another phase until the data interpretation 

phase occurring at the study’s conclusion (Collins, Onwuegbuzie, & Sutton, 2006).  A 

nested relationship implies that “the sample members selected from one phase of the 
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study represent a subset of those participants chosen for the other facet of the 

investigation” (Onwuegbuzie & Collins, 2007, p. 292).  The classification of nested was 

applicable because students who were selected as sample members for the qualitative 

phase represented a subset of the sample members from the quantitative component. 

 

Figure 6. Mixed sampling designs using Onwuegbuzie and Collins’s (2007) framework. 
From “A Typology of Mixed Methods Sampling Designs in Social Science Research,” by 
A. J. Onwuegbuzie and K. M. T. Collins, 2007, The Qualitative Report, 12, p. 294.  
Copyright 2007 by A. J. Onwuegbuzie, K. M. T. Collins, and Nova Southeastern 
University.  Adapted with permission. 
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component involved both students and instructors—both of which were drawn from 

different populations of interest. 

Participants 

Quantitative research phase.  

Population size and characteristics. The population in the quantitative phase was 

all community college students in the United States who enrolled in at least one online 

course.  The National Center for Education Statistics (2012a) reported that there were 

7,163,973 students enrolled in community colleges within the United States in Fall 2012.  

Among these students, there were 1,203,367 students enrolled in at least one online 

course (National Center for Education Statistics, 2012b).  Additionally, approximately 

28,000 students declared Mathematics and Statistics as their major field of study at 2-

year institutions in the United States during the 2011-2012 academic school year 

(National Center for Education Statistics, 2012c). The definitions of enrollment, 

headcount, and completion were provided in Chapter 2.  The National Center for 

Education Statistics only reports enrollment numbers (e.g., each student is counted once 

for each course in which he or she is enrolled at the beginning of a particular semester).  

The population that I considered consisted of students who successfully completed (i.e., 

students who did not withdraw and earned an A, B, C, or P) an online course.  

Unfortunately, specific data such as successful completion numbers were not collected 

and not reported by the National Center for Education Statistics. 

Selection eligibility characteristics. Instructors who taught at least one online 

mathematics course during the fall 2012 through summer 2013 semesters at a branch of a 

large community college in southeast Texas and who were willing to participate in the 
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study were identified.  Employment status (i.e., full-time vs. part-time) of the instructors 

was not considered.  A quasi-experimental nonequivalent control group design was used 

(Campbell & Stanley, 1963).  Grades of all students who complete the online 

mathematics courses taught by the participating instructors were collected.  Thus, both a 

criterion sampling scheme (i.e., students must complete an online mathematics course 

taught by participating instructor) and a stratified purposeful sampling scheme (i.e., 

students will be grouped into one of two distinct groups) were used for the student 

participants in the quantitative research phase. 

Sampling size and characteristics. Participants were students who were enrolled 

in selected instructors’ courses.  Data about course offerings and student demographics 

were collected from Analytics and Institutional Reporting (AIR) at the community 

college.  During the academic school year of interest for this study, the community 

college that was used in this study offered approximately 14 unique online mathematics 

courses during the fall and spring semesters and approximately 10 unique online 

mathematics courses during the summer (see Table 26). 
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Table 26 

Mathematics Course and Section Information 

 Fall 2012 Spring 2013 Summer 2013 

aNumber of Different Courses Offered    

Online Format b14 c14 d10 

Traditional Format 17 16 16 

% Courses Offered in Online Format 
 

82.4% 87.5% 62.5% 

Number of Course Sections Offered    

Online Format 30 31 18 

Total Format 113 103 45 

% Sections Offered in Online Format 26.5% 30.1% 40% 

Note. Adapted with permission from the First Year Foundations Division Dean at the 
institution of study. 

aMathematics courses in the 2012-2013 catalog: MATH 0111 (Developmental Math 
Skills Review), MATH 0306 (Pre-Algebra), MATH 0308 (Introductory Algebra), 
MATH 0310 (Intermediate Algebra), MATH 0312 (Developmental Modular Based 
Math), MATH 1314 (College Algebra), MATH 1316 (Trigonometry),MATH 1324 
(Finite Math), MATH 1325 (Elements of Calculus with Applications), MATH 1332 
(College Mathematics for Liberal Arts), MATH 1342 (Statistics), MATH 1350 
(Foundations of Mathematics I), MATH 1351 (Foundations of Mathematics II), 
MATH 2318 (Linear Algebra), MATH 2320 (Differential Equations), MATH 2412 
(Precalculus), MATH 2413 (Calculus I), MATH 2414 (Calculus II), MATH 2415 
(Calculus III) 
bMathematics courses not offered in the online format for Fall 2012: MATH 0312, 
MATH 2320, and MATH 2415. 
cMathematics courses not offered in the online format for Spring 2013: MATH 0312 
and MATH 2415. 
dMathematics courses not offered in the online format for Summer 2013: MATH 0111, 
MATH 0312, MATH 1316, MATH 1325, MATH 1342, MATH 2320, and MATH 
2412. 

The target sample size was approximately 1,500 students who completed an 

online mathematics course during the 2012-2013 academic school year.  These students 
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were enrolled in one of the 79 online mathematics courses (see Table 26) taught by 16 

instructors who were assigned pseudonyms for the study (see Table 27).  At the end of 

the academic year of the study, each selected online instructor provided overall numeric 

course grades for each student who completed the instructor’s online mathematics class.  

Thus, the number of student participants in the quantitative research phase was dependent 

upon the number of selected instructor participants. 

Table 27 

Number of Course Assignments for Each Online Mathematics Instructor 

Pseudonym Fall 2012 Spring 2013 Summer 2013 

Christina 0 0 1 

Megan 3 4 2 

Marcie 1 1 1 

Cleo 4 2 1 

Daisy 2 1 0 

William 1 2 0 

Tiffani 0 2 1 

Felicity 2 2 0 

Corie 2 2 1 

Lacy 2 2 1 

Wanda 2 2 2 

Fulvia 2 2 0 

Sophie 2 2 2 

Samantha 3 3 2 

Fiona 2 2 2 

Frances 2 2 2 

Total Number of Online 
Mathematics Sections 30 31 18 

Note. Adapted with permission from the First Year Foundations Division Dean at the 
institution of study. 
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On average, approximately 9,000 students attended the branch of the community 

college each fall and spring semester, and approximately 5,000 students attended during 

the summer (see Table 28).  From the 2,600 students who enrolled in mathematic courses 

each fall and spring semester, approximately 30% enrolled in an online mathematics 

course (see Table 28).  The average number of students per online mathematics class was 

26 (see Table 28); however, the enrollment capacity of each online mathematics class 

was either 25 or 30 students, depending on the specific course.  Table 29 presents 

additional student demographics of the entire student body for the present study (e.g., 

gender, ethnicity, age, and residency). 

Table 28 

Student Enrollments 

Headcount Fall 2012 Spring 2013 Summer 2013 Total 

Online 4,520 5,084 3,580 13,184 

Total 9,454 8,746 4,649 22,849 

Online Mathematics 788 809 359 1,956 

Total Mathematics 2,999 2,636 930 6,565 

Average Number of Students 
per Online Course 

26.3 26.1 21.1 25.1 

Average Number of Students 
per Course 

26.5 25.6 20.7 25.2 

Note. Adapted with permission from Official Day Reports at the institution of study. 
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Table 29 

Student Demographics 

 
Fall 2012 

(N = 9,454) 
Spring 2013 
(N = 8,746) 

Summer 2013 
(N = 4,649) 

 Total % Total % Total % 

Gender       

Female 5,952 63 5,532 63 3,019 65 

Male 3,498 37 3,214 37 1,630 35 

Missing 
 

4 0 0 7 0 0 

Ethnicity       

White 5,008 53 4,524 52 2,295 49 

Hispanic 2,014 21 1,843 21 971 21 

Black 1,255 13 1,271 15 672 14 

Asian 490 5 489 6 366 8 

American 
Indian 

35 0 44 1 28 1 

Multiple 224 2 208 2 134 3 

Unknown 
 

428 5 367 4 164 5 

Residency       

In-District 8,355 88     

Out-of-
District 

799 8     

Out-of-
State/Intern
ational 

125 1     

Other 
 

175 2     

Age       

Under 20 2,876 30 2,591 30 1,138 24 

20-24 3,094 33 2,852 33 1,721 37 

25-29 1,295 14 1,240 14 659 14 

(continued) 
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Fall 2012 

(N = 9,454) 
Spring 2013 
(N = 8,746) 

Summer 2013 
(N = 4,649) 

30-39 1,316 14 1,236 14 674 14 

40-49 606 6 606 7 332 7 

50 and 
Above 

256 3 218 2 123 3 

Unknown 
 

11 0 3 0 2 0 

Status       

Futt-time 3,024 32 2,949 34 532 11 

Part-time 6,430 68 5,797 66 4,117 89 

Note. Adapted with permission from Official Day Reports at the institution of study. 

At the end of each semester, mathematics instructors at the institution being 

studied submit grade books to the Division Office.  Each instructor’s grade book 

contained the overall numeric grade for each student who completed the instructor’s 

course.  To collect the quantitative data, I asked the Division Office for a spreadsheet that 

identified each student in the 79 online mathematics courses—by case number only—and 

the overall numeric course grade earned by each student.  Additional demographic data 

for the student participants were collected from AIR (i.e., gender, race, age). 

An a priori power analysis (Cohen, 1988) was conducted using the G*Power 3 

software program (Faul, Erdfelder, Lang, & Buchner, 2007).  This analysis was used to 

determine the sample size needed to achieve a desired statistical power given the nominal 

level of Type I error rate and desired effect size (Onwuegbuzie & Daniel, 2002a).  In 

order to obtain a statistically significant (i.e., 5% level) and moderate (i.e., Cohen’s 

[1988] d = .5) difference between the two groups (i.e., unavailable vs. available 

classroom capture software; independent samples t test) with statistical power of .80, the 
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number of student participants in the quantitative phase needed to be at least 102 (see 

Figure 7). 

 

 

Figure 7. Minimum sample size for qualitative phase.  
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Qualitative research phase.  

Population size and characteristics. The population for the qualitative research 

phase comprised both instructors and students.  For the instructors, the population was all 

community college instructors in the United States. The National Center of Education 

Statistics (2012d) reported that there were 407,988 instructors at 2-year institutions in the 

United States in Fall 2011.  Data for Fall 2012 were not available.  During the 2012-2013 

academic school year, there were approximately 1,700 2-year degree-granting 

postsecondary institutions in the United States (National Center for Education Statistics, 

2012e).  For the students, the population was all community college students in the 

United States who enrolled in at least one online course.  As previously stated, the 

National Center for Education Statistics (2012a) reported that there were 7,163,973 

students enrolled in community colleges within the United States in Fall 2012.  Among 

these students, there were 1,203,367 students enrolled in at least one online course 

(National Center for Education Statistics, 2012b). 

Selection eligibility characteristics. In the qualitative research phase of the 

present study, the instructors were chosen using both a criterion sampling scheme and a 

convenience sampling scheme (Onwuegbuzie & Leech, 2007a).  A criterion sampling 

scheme was applicable because instructors must have (a) taught at least one online 

mathematics course during the fall 2012 through summer 2013 semesters at a branch of a 

large community college in southeast Texas and (b) used classroom capture software in 

their online mathematics courses.  A convenience sampling scheme was applicable 

because the instructors “happen to be available and are willing to participate at the time” 
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(Onwuegbuzie & Leech, 2007a, p. 114).  As noted previously, the students were chosen 

using a multistage purposeful random sampling scheme. 

Sampling size and characteristics. Instructor participants were instructors who 

provided classroom capture software in their online mathematics courses.  Student 

participants were students who (a) were enrolled in an online mathematics course that 

had classroom capture software available and (b) self-reported to have utilized the 

classroom capture software.  Both instructor and student participants were asked to 

participate in interviews. Stake (2005) identified three types of case studies: (a) intrinsic 

case studies (i.e., studies used to understand the particular aspects of the case[s]); (b) 

instrumental case studies (i.e., studies used to gain broader understanding of an issue or 

phenomenon by using a particular case); and (c) collective case studies (i.e., studies used 

to draw thematically from multiple cases in a single study).  In the qualitative research 

phase, I utilized multiple cases to understand a general perspective of the selected 

instructors and students.  Therefore, the use of a collective case study was justified in the 

study.  Additionally, due to the fact that both instructors and students were considered, an 

embedded case study was applicable.  Scholz and Tietje (2002) defined embedded case 

studies as studies that “involve more than one unit, or object, of analysis and usually are 

not limited to qualitative analysis alone” (p. 9).  Using an embedded case study allowed 

“for a multiplicity of methods that may be applied within the subunits.  Thus, hypotheses 

may be formulated, quantitative data sampled, or statistical analyses applied” (Scholz & 

Tietje, 2002, p. 10). For the instructor interviews, I randomly selected approximately six 

online mathematics instructors who utilized classroom capture software.  This number 

was consistent with (a) Kuzel’s (1992) suggestion of six to eight interviews for a 
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homogeneous sample, (b) Guest, Bunce, and Johnson’s (2006) demonstration that six 

interviews may be “sufficient to enable development of meaningful themes” (p.78), and 

(c) Creswell’s (2002) suggestion of using a minimum of three to five participants when 

conducting a case study.  For the student interviews, I identified 10 students who were 

willing to participate in the study and who met the selection criteria.  The student 

participant sample size was consistent with Creswell’s (2002) suggestion of using a 

minimum of three to five participants when conducting a case study. 

Ethical Considerations 

I applied for permission to conduct all phases of the study through the 

Institutional Review Board (IRB) at Sam Houston State University (SHSU), as well as 

through the community college where the study took place.  After permission was 

obtained from the IRB at both SHSU and the community college, instructors and students 

were recruited.  In the quantitative research phase of the study, informed consent was 

obtained from all instructors who participated.  In the qualitative research phase of the 

study, informed consent was obtained from all instructors and students who participated.  

The names of all participants were kept confidential.  In the quantitative research phase, 

each participating online mathematics instructor was assigned a pseudonym, and each 

online mathematics student was assigned a case number.  An overall numeric course 

grade was attached to the respective case number.  Only select students who participated 

in interviews during the qualitative research phase were given pseudonyms.  Digital data 

collected was stored on an external hard-drive; non-digital data collected was stored in a 

secure location.  All data will be stored for a period of 7 years after my successful 
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dissertation defense, after which time it will be destroyed (Sieber, 1998).  (See 

APPENDIX A for IRB permission and APPENDIX B for participant consent form.) 

Training of Researcher 

As a doctoral student, I received training in quantitative research methods (e.g., 

univariate and multivariate statistics), qualitative research methods, and mixed methods 

research.  The methodological training that I received was used during this study.  I 

continued to be under the guidance and supervision of my dissertation chair and 

committee members. 

Step 7: Select Mixed Methods Research Design 

Leech and Onwuegbuzie (2009) conceptualized eight designs for mixed methods 

research studies.  The designs are yielded from the following three criteria: (a) level of 

mixing, (b) time orientation, and (c) sample relationships (see Figure 6).  This study will 

implement a fully mixed concurrent dominant status design (Leech & Onwuegbuzie, 

2009; see Figure 8).  This design was applicable because (a) the quantitative and 

qualitative approaches were mixed within multiple stages of the research process, 

namely, the data analysis and data interpretation stages; (b) the quantitative and 

qualitative data were collected and analyzed concurrently; and (c) the qualitative phase 

was given more weight (Leech & Onwuegbuzie, 2009).  The classroom capture usage 

data that were collected in the quantitative phase were limited due to the lack of tracking 

capabilities of both the learning management system and the classroom capture software.  

Due to the limited collection of data gathered during the quantitative research phase, as 

noted previously, the qualitative phase was given more weight.  Using a modification of 
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the original notation system by Morse (1991), this study was classified as a quan + 

QUAL (F2) design (Leech & Onwuegbuzie, 2009). 

 

Figure 8. System for mixed methods research designs using Leech and Onwuegbuzie’s 
(2009) typology. From “A Typology of Mixed Methods Research Designs,” by N. L. 
Leech and A. J. Onwuegbuzie, 2009, International Journal of Methodology, 43, p. 269.  
Copyright 2007 by Springer Science + Business Media B. V.  Adapted with permission. 
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Quantitative Research Phase 

Instruments. One instrument used in the quantitative research phase was the 

measures that yield the overall course grade for each student.  Grades were collected 

from the Division Office for the students in the online mathematics classes taught by the 

16 online instructors.  The reliability and validity of grades assigned by these instructors 

were addressed (Allen, 2005).  Prior to conducting any analyses on the students’ grades, I 

asked all participating instructors to grade a common examination.  Had there been a 

statistically significant difference between online mathematics instructors who did use 

classroom capture software and online mathematics instructors who did not use 

classroom capture software, the ensuing examination scores would have been used to 

calibrate the overall numeric course grades for each instructor by using the common 

examination grade as a covariate.  If needed, it was expected that this calibration would 

address the issue of inconsistent grade assignments among the instructors.  In addition, I 

collected a course syllabus for each online mathematics course that was used in the study.  

Each course syllabus was examined to determine how the instructor assigned a numeric 

value for the overall numeric course grade (e.g., see Table 30).  If an instructor’s grading 

policy would have differed significantly from the grading policy of other instructors, I 

would have addressed the issue in the form of follow-up questions during the interview 

with the aforementioned instructor in the qualitative research phase.  At the branch of the 

community college that was used in this study, online mathematics instructors had the 

option of assigning homework through an online software program; thus, homework 

grades assigned to students using the online software program were consistent due to the 

scoring of the assignments by the online software program. 
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Table 30 

Possible Distributions to Calculate Numerical Course Grade 

Instructor Examination 
Average 

Final 
Examination 

Homework 
Average 

Quiz 
Average Other Total 

A 50% 25% 25% 0% 0% 100% 

B 50% 20% 20% 0% 10% 100% 

C 60% 20% 10% 10% 0% 100% 

D 40% 25% 10% 20% 10% 100% 

 

A second instrument used in the quantitative research phase was the measures that 

yielded classroom capture software usage data.  These measures were determined by the 

usage statistics provided by the classroom capture software reporting tool.  The available 

measures were limited.  Data (e.g., total number of views, number of unique views, and 

total minutes viewed) were retrieved from graphical reports generated by the reporting 

tool. 

Procedure. The quantitative research portion of the study took place during the 

2012-2013 academic school year.  Data (i.e., overall numeric course grades and usage 

data) were collected spanning the semesters from fall 2012 through summer 2013.  As 

noted previously, a G*Power 3 analysis (Faul et al., 2007) was conducted a priori to 

determine that a sample size of 102 students was sufficient to achieve statistical power at 

.80.  Data were downloaded into an Excel file and converted into an SPSS Inc. (2012) 

data file. 

Analyses. To determine the relationship between the uses of classroom capture 

software (i.e., unavailable vs. available; independent variable) and success rates (i.e., 

overall numeric course grade; dependent variable) among online mathematics community 
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college students, I conducted an independent samples t test.  The standardized kurtosis 

coefficient and standardized skewness coefficient of the numeric course grades were 

calculated to assess the normality of this variable (Onwuegbuzie & Daniel, 2002b).  If 

normality was indicated, then a parametric independent samples t test would have been 

used. Contrastingly, because non-normality was indicated, a nonparametric independent 

samples t test was used, specifically, Mann-Whitney’s U test. If a statistically significant 

difference existed, the effect size associated with the difference was measured by 

Cohen’s (1988) d.  Cohen’s (1988) criteria was used to determine whether the effect size 

was small, moderate, or large.  If a difference existed, I was unable to look for a trend in 

the grades because each of the three semesters (i.e., fall, spring, and summer) represented 

a new collection of students. Usage data from the reporting tool within the classroom 

capture software were limited.  I collected as much usage data as possible (e.g., total 

number of views, number of unique views, and total minutes viewed) using graphical 

reports generated by the reporting tool.  Also, I was able to provide descriptive 

information about each instructor’s recordings (e.g., total number of recordings for each 

course, average length of recording). 

Qualitative Research Phase 

Instruments and procedure. In order to utilize multiple voices in the qualitative 

research phase of the study, I conducted a collective case study (Stake, 2005) to examine 

student and instructor perceptions of the usage of classroom capture software in an online 

mathematics course.  To collect qualitative data, I conducted semi-structured interviews 

with both instructor participants and student participants.  In her seminal article, Roulston 

(2010) developed a typology for conceptions of qualitative interviews. Roulston’s (2010) 
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typology comprised the following six conceptions: neo-positivist (i.e., “the interviewer 

asks good questions, while carefully minimizing bias and researcher influences through 

taking a neutral role”[ p. 204]), romantic (i.e., the interviewer is open about his/her 

interest in the research topic, and will readily express this within the interview” [p. 217]; 

the interviewer-interviewee relationship is “one in which genuine rapport and trust is 

established by the IR [interviewer] in order to generate the kind of conversation that is 

intimate and self-revealing” [p. 217]), constructionist (i.e., the interviewer and 

interviewee co-construct knowledge “to generate situated meanings and possible ways of 

talking about research topics” [p. 218]), postmodern (i.e., the interviewer does not 

attempt to obtain a comprehensive account of the underlying phenomenon, but rather 

attempts “to open up spaces for new ways of thinking, being, and doing” [p. 220]), 

decolonizing (i.e., the interviewee and interviewer co-generate the type of conversation 

that is valued by a particular indigenous community in order to “contribute to restorative 

justice for indigenous communities” [p. 214]), and transformative (i.e., the interviewer 

and interviewee “develop ‘transformed’ or ‘enlightened’ understandings as an outcome of 

dialogical interaction” in order to “challenge and change the understandings of the 

interviewees” [p. 220]).  Because I both transcribed recordings of interview data “in 

detail in order to analyse how data are co-constructed by speakers” (p.208) and relied “on 

ordinary conversational skills to do interview talk” (p. 209), I used a constructionist lens 

in my interviews.   

I had planned for the semi-structured interviews to be conducted in a private study 

room located in the library that was attached to the local branch of the community college 

involved in the study.  The study room would have been private and free from 
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distractions and noises.  Instead, the semi-structured interviews with the instructor 

participants were conducted either in the respective instructor’s office or in a conference 

room, and the semi-structured interviews with the students were conducted either using 

Skype or using a telephone.  All interviews settings were relatively free of distractions 

and background noise. 

The setting of the interviews was informal.  I planned for each interview to last 

for approximately 60 minutes; however, some interviews were shorter in duration (e.g., if 

the participant had other obligations) or longer in length (e.g., if the participant had more 

data to contribute to the research).  Prior to the start of each interview, I confirmed the 

approximated 60-minute time allotment and verified that each participant was available 

to be interviewed for this timeframe.  Depending on the personality type of the 

interviewee (e.g., monochronic vs. polychronic), adjustments were made to the structure 

of the interview (Hall, 2011).  During the instructor interview, I sat next to the 

interviewee in her office or in the conference room; however, appropriate space was 

respected so that I did not infringe upon the interviewee’s personal space.  During the 

student interview, I did not have to account for personal space because both the 

interviewee and I were located at our respective homes. 

The interview questions encompassed multiple formats, including basic 

descriptive, follow-up, experience/example, and simple clarification (Janesick, 2010).  

Prior to utilizing these questions in interviews, I asked my dissertation chair to review the 

questions in order to assess the appropriateness of the instrument (Miles & Huberman, 

1994).  Also, I pilot-tested the interview questions with knowledgeable volunteers (Gall, 

Gall, & Borg, 2003).  The predetermined interview questions were presented in the same 
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order to each participant; however, the informal nature of each interview encouraged 

dialog to exchange freely.  This type of interview was consistent with the constructionist 

frame. 

During each interview with the student participants, I asked the following seven 

predetermined open-ended primary questions: (a) How did you benefit from the use of 

classroom capture software, if at all?; (b) What were the benefits and challenges, if any, 

associated with using classroom capture software in the online mathematics course?; (c) 

What changes, if any, did you experience as a result of classroom capture software?; (d) 

How have your perceptions of online mathematics courses changed as a result of being 

exposed to classroom capture software?; (e) What unexpected outcomes arose from your 

exposure to classroom capture software?; (f) How would classroom capture software 

influence your future decisions to enroll in another online mathematics course?; and (g) 

What could be done differently to educate you about the availability of classroom capture 

software in your online mathematics course?  Student participants were given the 

opportunity to respond to these predetermined questions with as much information as 

possible.  In addition to the primary questions, I asked several follow-up questions to help 

gather richer data (e.g., What led you to choose to enroll in this specific online 

mathematics course?).  Opportunities were provided for student participants to obtain 

clarification of the questions and to ask me follow-up questions. 

During each interview with the instructor participants, I asked the following seven 

predetermined open-ended primary questions: (a) How did your students benefit from the 

use of classroom capture software?; (b) What were the benefits and challenges, if any, 

associated with incorporating classroom capture software in your online class?; (c) What 
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changes, if any, did you experience as a result of making classroom capture software 

available to your students?; (d) How have your perceptions of online mathematics 

courses changed as a result of having classroom capture software available to use in your 

online mathematics course?; (e) What unexpected outcomes arose from incorporating 

classroom capture software in your online mathematics course?; (f) How would 

classroom capture software influence your future decisions to teach in another online 

mathematics course?; and (g) What could be done differently to educate your students 

about the availability of classroom capture software in your online mathematics course?  

Instructor participants were given the opportunity to respond to these predetermined 

questions with as much information as possible.  In addition to the primary questions, I 

asked several follow-up questions to help gather richer data (e.g., How long have you 

used classroom capture software in your online mathematics courses?; To what extent do 

you use classroom capture software in all your online mathematics courses?; What type 

of formal training have you received on classroom capture software?).  Opportunities 

were provided for instructor participants to obtain clarification of the questions and to ask 

me follow-up questions. 

Four ethical considerations were observed throughout the study: (a) informed 

consent, (b) non-deception, (c) privacy and confidentiality, and (d) accuracy (Christians, 

2005).  I obtained each interviewee’s consent both to audio-record and to video-record 

the interview.  A LiveScribe pen and Camtasia were used as the recording devices.  Each 

participant was informed that only my dissertation chair, dissertation committee 

members, and I would have access to the information provided in the interview.  Access 

to the information was for peer debriefing purposes. 
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I transcribed each interview within 2 days following its conclusion.  A copy of 

each transcription was emailed to the respective interviewee.  Each interviewee was 

asked to member check the transcription of his or her interview.  By conducting member 

checks, I was “accountable to those sharing their words, lives, and experiences” 

(Manning, 1997, p. 102).  I made modifications to each transcript accordingly. If the 

interviewee agreed that the transcription accurately contained the intent of his or her 

responses during the interview, then nothing was changed or added to the transcription.  I 

reassured each interviewee that he or she could insert additional comments to the 

transcription or express concern/desire to omit any part of the interview. 

Non-verbal communication, emotions, and gestures were documented in each 

transcription (McNeill, 1992).  Nonverbal communication data that were assessed 

comprised: (a) proxemics (i.e., the use of interpersonal space between interviewer and 

interviewee), (b) kinesic (i.e., body movements or postures), (c) chronemic (i.e., the use 

of pacing of speech and length of silence in conversation), (d) paralinguistic (i.e., all 

variations in volume, pitch, and quality of voice), (e) oculesics (i.e., the use of eyes 

during the interview), (f) olfaction (i.e., sense of smell), (g) gustation (i.e. taste), (h) 

haptics (i.e., use of touch), and (i) linguistics (cf. Frels & Onwuegbuzie, 2013; Gorden, 

1980).  Linguistics comprise language form (e.g., language used in a paper vs. language 

used in text message), language meaning (e.g., serious language vs. jokes), and language 

in context (e.g., how different cultures use language) (Frels & Onwuegbuzie, 2013).  

Emotions that I looked to observe included amusement, anger, contempt, contentment, 

disgust, embarrassment, excitement, fear, guilt, pride in achievement, relief, 

sadness/distress, satisfaction, sensory pleasure, and shame—the 15 fundamental emotions 
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that are associated with innate facial expressions that Ekman (1999) identified.  

McNeill’s (1992) five types of gestures include: (a) iconic (i.e., gestures that simulate 

movements or depict movements or objects), metaphoric (i.e., gestures that are visual in 

nature that portray abstract ideas or thoughts), beats (i.e., gestures that represent abstract 

ideas that distinguish word(s) or phrase(s) from other words/phrases), deictic (i.e., 

gestures that involve an abstract level of pointing), and emblems (i.e., gestures that refer 

to the traditional notion of gestures that have specific linguistic labels).  Emblem gestures 

included elements such as finger pointing, head nod, head shake, and shoulder shrug.  

After each interview, I completed matrices (see Table 31 and Table 32) developed by 

Onwuegbuzie, Dickinson, Leech, and Zoran (2010) that assessed nonverbal 

communication using Krauss, Chen, and Chawla’s (1996) typology of nonverbal 

behaviors, Ekman’s (1999) expanded list of basic emotions, and McNeill’s (1992) 

classification of gesture. 
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Table 31 

Matrix for Assessing Nonverbal Communication Using Krauss et al.’s (1996) Typology of 

Nonverbal Behaviors and Ekman’s (1999) Expanded List of Basic Emotions 

Emotion Adapters Lexical Movements Symbolic Gestures 

Amusement    

Anger    

Contempt    

Contentment    

Disgust    

Embarrassment    

Excitement    

Fear    

Guilt    

Pride in achievement    

Relief    

Sadness/distress    

Satisfaction    

Sensory pleasure    

Shame    

Note. From Toward a Broader Understanding of Stress and Coping: Mixed Methods 
Approaches (pp. 243-285), by A. J. Onwuegbuzie, N. L. Leech, and A. G. Zoran, 2010, 
Charlotte, NC: Information Age Publishing.  Copyright 2010 by Information Age 
Publishing.  Adapted with permission. 
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Table 32 

Matrix for Assessing Nonverbal Communication Using McNeill’s (1992) Classification of 

Gesture and Ekman’s (1999) Expanded List of Basic Emotions 

Emotion Iconics Metamorics Beats Deictics Emblems 

Amusement      

Anger      

Contempt      

Contentment      

Disgust      

Embarrassment      

Excitement      

Fear      

Guilt      

Pride in achievement      

Relief      

Sadness/distress      

Satisfaction      

Sensory      

Pleasure      

Shame      

Note. From Toward a Broader Understanding of Stress and Coping: Mixed Methods 
Approaches (pp.243-285), by A. J. Onwuegbuzie, N. L. Leech, and A. G. Zoran, 2010, 
Charlotte, NC: Information Age Publishing.  Copyright 2010 by Information Age 
Publishing.  Adapted with permission. 

After the first interview, I underwent a peer debriefing interview that was 

conducted by my dissertation chair.  The goal of this peer debriefing was to increase 

representation and legitimation (Onwuegbuzie et al., 2008).  That is, the purpose of this 

debriefing was both to reflect on the degree to which my bias might have influenced the 

various parts of the research study and to provide me with the opportunities to explain 
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(i.e., representation) and to verify (i.e., legitimation) initial hunches (Onwuegbuzie et al., 

2008).  Additionally, the peer debriefing enabled me to identify problems that emerged 

during the first interview in order to make appropriate adjustments to subsequent 

interviews (Onwuegbuzie et al., 2008).  The peer debriefing reflected Onwuegbuzie et 

al.’s (2008) five guidelines for the debriefing process: (a) the debriefing interviewer will 

not be involved in the study, (b) the debriefing interviewer will not be a stakeholder, (c) 

the debriefing interviewer will have interviewing skills and experience conducting 

qualitative research, (d) the debriefing interviewer will have read the interview 

transcripts, and (e) the debriefing interview will occur in a private location and be 

recorded. 

Onwuegbuzie et al. (2008) developed eight main areas to guide the interviewer 

when debriefing the researcher: (a) researcher’s interview background/experience; (b) 

researcher’s perception of the participant; (c) researcher’s perceptions of nonverbal 

communication; (d) researcher’s interpretations of interview findings/interpretations, (e) 

researcher’s perceptions of how the study might have affected the researcher; (f) 

researcher’s perceptions of how the researcher might have affected the participant; (g) 

researcher’s awareness of ethical or political issues that might have arisen before, during, 

or after the interview; and (h) researcher’s identification of unexpected issues or 

dilemmas that emerged during the interview.  The debriefing interviewer did not inquire 

about all eight areas during the peer debriefing; however, an opportunity was given to me 

during the peer debriefing to add comments.  Onwuegbuzie et al. (2008) provided 

examples of debriefing questions, including (a) How would you characterize your 

training conducting interviews? (i.e., researcher’s interview background/experience); (b) 
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Which participant responses did you feel were the most helpful? (i.e., researcher’s 

perceptions of the participant); (c) To what degree do you think the pacing of the 

conversation impacted the dynamics of the interview? (i.e., perceptions of nonverbal 

communication); (d) To what degree were the findings similar or dissimilar to your 

thoughts prior to conducting the interview? (i.e., interpretations of interview 

findings/interpretations); (e) In the future, how will you conduct interviews based on 

what you learned during the interview? (i.e., impacts on the researcher); (f) In what ways, 

if any, do you feel your status influenced the participant’s responses/comments during the 

interview? (i.e., impacts on the participant); (g) What type of ethical issues, if any, did 

you encounter during the interview? (i.e., ethical or political issues); and (h) At what 

point did an issue arise in the study that you were not expecting? (i.e., unexpected issues 

or dilemmas). 

Guba and Lincoln (1989) developed five authenticity criteria from constructivist 

assumptions to assist in increasing legitimation.  The five criteria comprise (a) fairness 

(i.e., the extent to which the researcher values the process of evaluation), (b) ontological 

authenticity (i.e., the extent to which the researcher assesses how the participant has 

become more informed and aware), (c) educative authenticity (i.e., the criteria by which 

those involved in the interview process have become more understanding of others), (d) 

catalytic authenticity (i.e., the extent by which actions are facilitated and stimulated by 

participants), and (e) tactical authenticity (i.e., the extent to which participants are 

empowered to act on the results and subsequent understanding from a given study) (Guba 

& Lincoln, 1989).  All five authenticity criteria were pertinent in the study.  During the 

debriefing interview, the debriefing interviewer asked questions related to authenticity 
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bias.  These questions were obtained from a list of suggested possible questions related to 

authenticity bias created by Onwuegbuzie et al. (2008), including (a) To what extent do 

you think you have exercised balance in representing thoughts, perceptions, feelings, 

concerns, assertions, and experiences of all participants? (i.e., fairness); (b) What 

strategies have you used to monitor your own developing constructions and to document 

the process of change from the beginning of the interview study until the end? (i.e., 

ontological authenticity); (c) To what extent do you think your own empathy and insights 

of the participants evolved during the course of the interviews? (i.e., educative 

authenticity); (d) To what extent do you think you have sought and obtained evidence of 

each participant’s interest in and willingness to act on the increased understanding? (i.e., 

catalytic authenticity); and (e) To what extent do the stakeholders believe that they or 

their representatives have had a significant role in the action(s) taken and/or decision(s) 

made? (i.e., tactical authenticity).  Participation in the debriefing interview facilitated the 

use of an audit trail and helped to document the evolution of my thoughts, perceptions, 

feelings, and experiences over the course of the study. 

Analyses. The interviews for the qualitative research phase were conducted and 

transcribed during the spring 2017 semester.  Both the student and instructor interviews 

were conducted at the convenience of the participants.  I used QDA Miner Version 5.0.7 

(Provalis Research, 2016) to code the open-ended responses given in the interviews.  

I determined the three components of Constas’s (1992) category development 

procedures of (a) origination, (b) verification, and (c) nomination.  The first component 

of category development (i.e., origination) identifies the locus of category construction 

(i.e., where the responsibility for the creation of category creation resides) (Constas, 
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1992).  The five loci of origination are (a) the research participants, (b) programmatic 

language, (c) the investigation, (d) review of literature, and (e) interpretations of the data.  

After analyzing the data, I made inferences that specifically addressed my research 

questions.  I attempted to capture the experiences of both the instructor and student 

participants.  Themes originated from the interviews a posteriori.  Thus, the categories 

originated from an investigative perspective (i.e., from the personal interests, views, and 

intellectual constructions of the researcher for the analysis).  The second component of 

category development (i.e., verification) deals with the strategy used to verify the 

creation of the categories used in a study (Constas, 1992).  The six sources of justification 

are (a) external, (b) rational, (c) referential, (d) empirical, (e) technical, and (f) 

participative (Constas, 1992).  Because I examined the coverage and distinctiveness 

reflected by the themes (i.e., I hoped to create exhaustive and mutually exclusive 

themes), I used the empirical approach to verification.  The third component of category 

development (i.e., nomination) is concerned with the process of naming the categories 

(Constas, 1992).  During the data reduction stage, statements that remained were 

clustered into themes and organized in a way that facilitated conclusion drawing and 

verification.  As the researcher, I was responsible for creating and naming the themes. 

Two qualitative analyses were performed after data were collected.  First, an 

exploratory analysis was conducted via the constant comparison analysis (Glaser, 1965).  

The interview responses given by the instructors were analyzed separately from the 

interview responses given by the students.  I underwent Glaser and Strauss’s (1967) three 

stages of constant comparison analysis: (a) open coding (i.e., the process of identifying, 

naming, categorizing and describing phenomena found in the text), (b) axial coding (i.e., 
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the process of relating codes [categories and properties] to each other), and (c) selective 

coding (i.e., the process of choosing one category to be the core category, and relating all 

other categories to that category).  In each analysis (i.e., the analysis of student interview 

data and the analysis of instructor interview data), the data were coded, and these codes 

were grouped into categories.  The categories then were grouped into themes.  The 

themes that emerged from the student data were compared to the themes that emerged 

from the instructor data in order to address the extent of similarities between the 

perceptions of students regarding the effect of classroom capture software on their 

performance levels and those of their instructors.  Second, I conducted a classical content 

analysis (Berelson, 1952).  This analysis focused on how frequently codes were used in 

order to determine which concepts were most cited throughout the data.  I chunked and 

coded the data, then counted the frequency of use for each code.  The data produced from 

this analysis were reported using descriptive statistics and/or inferential quantitative 

procedures (Kelle, 1996). 

Mixed Research Phase 

Procedures. In the first stage of the mixed research phase, I conducted an 

exploratory analysis by quantitizing the themes identified via the constant comparison 

analysis of the students’ responses (Tashakkori & Teddlie, 1998).  Quantitizing involved 

transforming qualitative data to a numerical form (Tashakkori & Teddlie, 1998).   When 

quantitizing, “qualitative ‘themes’ are numerically represented, in scores, scales, or 

clusters, in order more fully to describe and/or interpret a target phenomenon” 

(Sandelowski, 2001, p. 231).  Thus, quantitizing allowed me to determine the hierarchical 

structure of the emergent themes (Onwuegbuzie & Teddlie, 2003).  In order to determine 
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the prevalence rate of each theme, I computed percentages by placing either a score of 

“1”—if a student’s response contained a characteristic that was assigned to the particular 

theme—or a score of “0”—otherwise. This dichotomization yielded an inter-respondent 

matrix (Onwuegbuzie, 2003a; Onwuegbuzie & Teddlie, 2003).  The dichotomous data in 

the inter-respondent matrix were used to determine the prevalence rate of each theme. 

An additional exploratory analysis was conducted by using the inter-respondent 

matrix (i.e., student x theme matrix) of themes that was produced from the quantitizing of 

themes to conduct a principal component analysis (Onwuegbuzie, 2003a).  This analysis 

aided in ascertaining the underlying structure of the emergent themes.  Specifically, an 

orthogonal (i.e., varimax) rotation was utilized.  To determine the number of factors to 

retain, three tests were used: (a) the eigenvalue-greater-than-one rule (i.e., K1) (Kaiser, 

1958), (b) the scree test, and (c) a parallel analysis (Thompson, 1984; Zwick & Velicer, 

1982, 1986).  It was hoped that this analysis would result in the construct of meta-themes 

(Onwuegbuzie, 2003a), which would contain one or more of the emergent themes. 

In the second stage of the mixed research phase, the steps from the first stage 

were repeated using instructors’ responses.  For example, I conducted an exploratory 

analysis by quantitizing the themes identified in the constant comparison analysis of the 

instructors’ responses (Tashakkori & Teddlie, 1998).  Next, I used the inter-respondent 

matrix (i.e., instructor x theme matrix) of themes to conduct a principal component 

analysis (Onwuegbuzie, 2003a). 

Delineation of Findings 

Findings of this study were shared with instructor participants, student 

participants, faculty at the community college, and administrators at the community 
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college.  I looked forward to conversations with faculty members who were interested in 

integrating classroom capture software into their online courses, as well as conversations 

with the lead administrators who oversaw our distance education program.  In addition, I 

hope to submit proposals and present my research at local and national educational 

research conferences. 

Summary 

Chapter 3 began with a restatement of the research questions and quantitative 

hypothesis.  Nine research questions were addressed.  A visual of the mixed methods 

implementation process can be seen in Figure 9.  After the restatement of the research 

questions, I described Step 6 (Selecting Sampling Framework) and Step 7 (Select 

Research Design) as they pertained to my case study.  Step 6 included descriptions of the 

participants, population, sampling, ethical considerations, and training of the researcher.  

Participants in the quantitative phase included only students; participants in the 

qualitative phase included both instructors and students.  Step 7 included descriptions of 

the quantitative, qualitative, and mixed methods research phases, including information 

regarding instrumentation, procedures, and data analyses.  In the quantitative phase, two 

instruments were used—one instrument was the measures that yielded the overall course 

grade for each student, and one instrument was the measures that yielded classroom 

capture software usage data.  In the qualitative phase, interviews were conducted with 

both instructors and students.  For the data analyses, I collected the quantitative data and 

conduct independent samples t tests.  All qualitative data (i.e., interview data) were 

collected and analyzed using constant comparison analysis (Glaser, 1965) and classical 
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content analysis (Berelson, 1952).  Lastly, the emerging themes were examined further 

by conducting a principal component analysis (Onwuegbuzie, 2003a). 

 

 

Figure 9. Schematic representation for the mixed methods implementation process.  
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CHAPTER IV 

Presentation and Analysis of Data 

Introduction 

The purpose of this mixed methods research study was two-fold.  First, this study 

compared the findings of the success rates of online mathematics students with the 

perceived effects of classroom capture software in hopes of finding convergence (i.e., 

triangulation).  Second, this study expanded the breadth and range of the effects of using 

classroom capture software in the online mathematics environment (i.e., expansion).  

Thus, in this chapter, I present Step 9 (i.e., the analysis of the quantitative and qualitative 

data, and the results of the quantitative, qualitative, and mixed methods analyses) of 

Collins, Onwuegbuzie, and Sutton’s (2006) 13 steps for the following nine research 

questions guiding this study: 

1.  What is the difference in success rates—as defined by overall numeric course 

grade between community college students who are taught an online mathematics course 

in which classroom capture software is used and community college students who are 

taught an online mathematics course in which classroom capture software is not used? 

2.  What are select online mathematics community college students’ perceptions 

about the effect of classroom capture software on their performance in the online course? 

3.  What are select online mathematics community college instructors’ 

perceptions about the effect of classroom capture software on their students’ performance 

in the online course? 
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4.  To what extent are perceptions of select online mathematics community 

college students regarding the effect of classroom capture software on their performance 

in the online course similar to those of their instructors? 

5.  What is the prevalence of each of the perceived effects of classroom capture 

software by select online mathematics students? 

6.  How are the perceived effects of classroom capture software by select online 

mathematics students related to one another? 

7.  What is the relationship between online mathematics community college 

students’ self-reported use of classroom capture software and their success in the course? 

8.  What is the prevalence of each of the perceived effects of classroom capture 

software by select online mathematics instructors? 

9.  How are the perceived effects of classroom capture software by select online 

mathematics instructors related to one another? 

To address Research Question 1, the overall numeric course grades assigned to 

students in online mathematics courses during the 2012-2013 academic year were 

collected and separated into one of two independent groups (i.e., online mathematics 

courses that did use CCS and online mathematics courses that did not use CCS).  To 

determine the difference between online mathematics courses that did use CCS and 

online mathematics courses that did not use CCS in terms of overall numeric course 

grade, student grades were collected, placed into an Excel file, converted to an SPSS file, 

separated according to the respective group, and utilized in a series of parametric and 

nonparametric independent samples t tests during the quantitative analysis phase. 
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To address Research Questions 2, 3, and 4, data from interviews from all six 

online mathematics instructors and 10 online mathematic students were analyzed via the 

method of constant comparison (Glaser, 1965) and the method of classical content 

analysis (Berelson, 1952).  According to Glaser (1965), the purpose of constant 

comparison analysis is to generate a theory by using a more systematic and exhaustive 

process.  After multiple rounds of reading the data, descriptive codes were generated, 

and, subsequently, themes that indicated that saturation was reached were generated 

(Flick, 1998; Lincoln & Guba, 1985; Morse, 1995).  After the themes had been identified, 

a classical content analysis was performed to determine the frequencies of the themes 

extracted via the constant comparison analysis. 

To address Research Questions 5, 6, and 7, a sequential mixed analysis (SMA; 

Onwuegbuzie & Teddlie, 2003; Tashakkori & Teddlie, 1998) was conducted to analyze 

the student data.  The SMA involved five stages that comprised descriptive, exploratory, 

or confirmatory analyses.  Specifically, the student data were analyzed via a quantitative 

analysis (i.e., independent samples t test), followed by a qualitative analysis (i.e., a 

constant comparison analysis), followed by a quantitative analysis of the qualitative data.  

To address Research Questions 8 and 9, another SMA was conducted to analyze the 

instructor data.  Each stage of data analysis will be described in the following sections. 

Stage 1: Descriptive analysis. In the first stage, an inferential analysis was 

conducted to compare overall numeric course grades across the two groups (i.e., online 

mathematics courses wherein CCS was used and online mathematics courses wherein 

CCS was not used). Specifically, an independent samples t test was used to examine the 

difference between online mathematics courses wherein CCS was used and online 
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mathematics courses wherein CCS was not used in terms of overall numeric course grade 

(Research Question 1). 

Stage 2: Exploratory analysis. .  In the second stage, an exploratory analysis was 

undertaken to examine the online mathematics students’ perceptions of effects of CCS.  I 

conducted a constant comparison analysis to generate a set of themes from the student 

data (Glaser, 1965; Glaser & Strauss, 1967).  I progressed through the three stages of 

constant comparison analysis: (a) open coding, (b) axial coding, and (c) selective coding 

(Glaser, 1965; Glaser & Strauss, 1967), and created and assigned multiple different codes 

to the student data.  These coding choices were determined by my interpretation of the 

student data (Carley, 1993).  After I generated codes through numerous rounds of coding, 

I developed themes based on generated codes (Research Question 2).  After the themes 

had been identified, a classical content analysis was performed to determine the 

frequencies of the themes extracted via the constant comparison analysis.  A peer 

debriefing was conducted in order to legitimize the data interpretations (Onwuegbuzie, 

Leech, & Collins, 2008).  For my research study, my dissertation chair served as the peer 

debriefer.  In order to examine the audit trail (Lincoln & Guba, 1985), the peer debriefer 

ensured that all interpretations stemmed directly from the student data.  A similar 

exploratory analysis was conducted to examine the online mathematics instructors’ 

perceptions of the effects of CCS (Research Question 3). 

Stage 3: Exploratory analysis. In the third stage, each effect theme that was 

identified from the constant comparison analysis of the student data was quantitized 

(Tashakkori & Teddlie, 1998).  This technique allowed me to determine the hierarchical 

structure of the emergent student themes (Onwuegbuzie & Teddlie, 2003).  Specifically, 
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in order to determine the prevalence rate of each effect theme, frequencies were 

computed by placing either a score of “1” (if a student’s response contained a 

characteristic that was assigned to the particular theme) or a score of “0” (otherwise).  

This dichotomization led to the formation of an inter-respondent matrix of student 

themes (i.e., student x theme matrix) (Onwuegbuzie, 2003a; Onwuegbuzie & Teddlie, 

2003).  By calculating the frequency of each theme from the inter-respondent matrix, 

percentages were computed to determine the prevalence rate of each student theme 

(Research Question 5). 

A second exploratory analysis was conducted using the information from the 

constant comparison analysis from the instructor data.  This technique allowed me to 

determine the hierarchal structure of the emergent instructor themes (Onwuegbuzie & 

Teddlie, 2003).  This dichotomization led to the formation of an inter-respondent matrix 

of instructor themes (i.e., instructor x themes matrix) (Onwuegbuzie, 2003a; 

Onwuegbuzie & Teddlie, 2003).  Again, by calculating the frequency of each theme from 

the inter-respondent matrix, percentages were computed to determine the prevalence rate 

of each instructor theme (Research Question 8). 

Stage 4: Correspondence analysis. After I extracted the themes via constant 

comparison analysis from the student data, I conducted a correspondence analysis.  This 

analysis was a multivariate analysis and graphical technique that allowed me to conduct a 

cross-case analysis of emergent themes.  Specifically, it was an exploratory multivariate 

technique that involved factoring categorical (i.e., nominal level) variables and graphing 

them (i.e., mapping them) in a property space that displayed their associations in multiple 

(i.e., two or more) dimensions (Michailidis, 2007).  To conduct the correspondence 
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analysis, I used the QDA Miner 5.0.7 software program (Provalis Research, 2016).  This 

analysis represented what Onwuegbuzie and Combs (2010) referred to as a crossover 

mixed analysis, whereby the analysis types associated with one tradition (i.e., quantitative 

analysis: correspondence analysis) were used to analyze data associated with a different 

tradition (i.e., qualitative data: emergent themes).  Specifically, I utilized a qualitative-

dominant crossover mixed analysis wherein the qualitative analysis was dominant, while, 

simultaneously, I deemed the addition of quantitative analysis as being helpful in 

providing richer data and interpretations (Onwuegbuzie & Combs, 2010).  Moreover, 

conducting a correspondence analysis ensured that I did not engage in superficial 

reporting of themes in which “qualitative researchers rely on the presentation of key 

themes supported by quotes from participants’ text as the primary form of analysis and 

reporting of their data” (Bazeley, 2009, p. 6).  I also conducted a correspondence analysis 

from the themes extracted from the constant comparison analysis from the instructor data.   

Stage 5: Analysis of nonverbal behaviors. As part of the data analysis, I 

analyzed the seven student interviews that were conducted on Skype with respect to the 

nonverbal behaviors exhibited by the participants.  Gorden’s (1980) established four 

basic nonverbal modes of communication: (a) proxemics, which represents how each 

participant used interpersonal space to communicate her/his ideas; (b) chronemic, which 

represents how silence and speech were utilized by each participant; (c) kinesic, which 

refers to body movement and postures exhibited by each participant; and (d) 

paralinguistic, which includes variations in volume, pitch, and quality of voice of each 

participant.  I analyzed the nonverbal data from the student participants using only three 

of Gorden’s (1980) four basic nonverbal modes of communication—as proxemics was 
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not pertinent due to the use of Skype to conduct the student interviews.  Also, to analyze 

further the student data, I used Ekman’s (1999) Neurocultural Model of Facial 

Expression for observing innate facial expressions, and McNeill’s (1992) classification 

scheme of gestures.  Examining the nonverbal cues of the student participants provided a 

more in-depth understanding of the student participants’ perceptions.  A similar analysis 

of nonverbal behaviors from the instructor participants was conducted. 

This chapter also will report the results of all analyses.  First, the results of the 

quantitative analyses will be reported.  Following these results will be the analyses of all 

qualitative data, including student and instructor interviews.  Next, the results of the 

mixed research analyses will be reported.  Finally, the results of the nonverbal behaviors 

analyses will be reported. 

Characteristics of the Participants 

Quantitative Phase 

Student participants. The student participants were selected using a two-step 

process.  First, instructors (n = 16) who taught the online mathematics courses (n =79) 

during the 2012-2013 academic year were identified.  These instructors were asked to 

disclose whether or not they used classroom capture software in their online mathematics 

courses.  Second, all students (n = 1,476) who completed the 79 online mathematics 

courses (i.e., received a letter grade of A, B, C, D, F, or IP) were grouped into one of two 

distinct groups: (a) students who completed an online mathematics course that did have 

CCS available (n = 728) and (b) students who completed an online mathematics courses 

that did not have CCS available (n = 748).  Three students received a grade of I (i.e., 
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incomplete); these three students were eliminated from the study because no overall 

numerical course grades were submitted for the students. 

Qualitative Phase 

Instructor participants. Seven of the total online mathematics instructors (n = 

16) identified in the quantitative phase confirmed that they had used CCS in their online 

mathematics courses.  Only six online mathematics instructors who used CCS in their 

online mathematics courses agreed to participate in the qualitative phase of the study.  All 

six instructor participants were women.  The instructors were White (n = 5) or African 

American (n = 1).  Ages ranged from 38 to 61 years old.  Years of teaching experience 

ranged from 8 to 29 years, and years of online teaching experience ranged 6 to 12 years.  

During the 2012-2013 academic year, the total number of online mathematics courses 

taught by each instructor ranged from three to 9 courses.  For five of the six instructor 

participants, the highest degree held was a master’s degree in mathematics.  The highest 

degree obtained by the remaining instructor participant was a bachelor’s degree in 

business information systems.  Recall that I previously assigned a pseudonym to each 

online mathematics instructor during the 2012-2013 academic year (see Table 27).  Table 

33 presents the pseudonyms and descriptions of the six instructor participants who 

participated in the qualitative research phase.   
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Table 33 

Pseudonyms and Descriptions of Instructor Participants 

Instructor Age Ethnicity 

Teaching 
Experience 

in Years 

Online 
Teaching 

Experience 
in Years 

Number of 
Online 
Courses 
Taught 
(2012-
2013) 

Highest 
Degree 
Held 

Corie 51 White 29 9 5 Master’s 

Felicity 61 White 24 11 4 Master’s 

Marcie 55 African America 8 6 3 Bachelor’s 

Megan 38 White 14 8 9 Master’s 

Samantha 41 White 18 12 8 Master’s 

Sophie 51 White 25 11 6 Master’s 

 

Student participants. Ten student participants who met the selection criterion 

(i.e., students who completed an online mathematics course that had CCS available and 

who self-reported to have utilized the CCS) agreed to participate in the qualitative phase 

of the study.  All 10 student participants were initially contacted by phone.  Eight student 

participants were women, and two student participants were men.  The students were 

White (n = 6), Hispanic (n = 2), African American (n =1), or Middle-Eastern (n = 1).  

Ages ranged from 20 to 50 years old.  All students reported that they had completed 

multiple online courses.  Two student participants reported that they had taken more than 

75% of their undergraduate courseworks online.  At the time that the student interview 

data were collected—almost 4 years after the 2012-2013 academic year—eight students 

reported that they completed a bachelor’s degree, one student reported having completed 

an associate’s degree, and one student reported still pursuing a degree.  I assigned a 
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pseudonym to each student participant.  Table 34 presents the pseudonyms and 

descriptions of the 10 student participants.   

Table 34 

Pseudonyms and Descriptions of Student Participants 

Student Age Ethnicity 
% Courses 

Taken Online 

Total 
Number of 

Online 
Mathematics 

Courses 
Bachelor’s 

Degree 

Denise 20 Hispanic 0-24% 7 + No 

Georgea 50 White 25-49% 7 + Yes 

Gracea 30 White 75% + 4-7 No 

Jos 30 White 25-49% 7 + Yes 

Justine 25 African American 75% + 7 + Yes 

Michellea 39 White 75% + 1-3 Yes 

Mika 24 White 75% + 4-6 No 

Robert 36 White 50-74% 1-3 Yes 

Robin 22 Hispanic 0-24% 1-3 Yes 

Tabby 20 Middle Eastern 0-24% 1-3 No 

Note. aRequested to be interviewed via telephone. 

 

Quantitative Results 

Common Graded Exam 

I wanted to examine the difference in the mean scores of the final course grade of 

students who completed an online mathematics course with CCS available—regardless of 

whether the course was credit-level mathematics or developmental-studies 

mathematics—and the mean scores of the final course grade of students who completed 
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an online mathematics class with CCS not available.  I was concerned about the 

reliability and validity of grades assigned by the online mathematics instructors.  To 

address a possible difference in the instructors’ grading techniques, I created a 40-

problem examination (see Appendix C).  This examination contained both multiple-

choice items (n = 30) and free-response items (n = 10).  I completed the examination—

showing detailed work and making common mathematical mistakes.  All participating 

online mathematics instructors (n = 16) were asked to grade this completed examination, 

which I called the Common Graded Exam (CGE).  I provided the correct multiple-choice 

answers and free-response answers to the instructors; however, I did not provide detailed 

steps used to solve each problem, nor did I provide a rubric for grading the examination.  

Two instructors did not participate in grading the CGE.  Some instructors (n = 5) inquired 

about how many points to assign to each problem prior to submitting the graded 

examination, whereas the remaining instructors (n = 9) returned their graded examination 

without inquiring about a rubric.  Only one instructor did not provide a rubric with the 

graded examination.  Table 35 presents the different rubrics used by the instructors to 

score the CGE.  Most instructors (n = 7) opted to assign 2.5 points to each problem, 

regardless of the format (i.e., multiple choice or free response) of the item. 
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Table 35 

Rubrics Used by Instructor to Score the Common Graded Examination 

Rubric Number of Instructors 

2.5 points per problem 7 

2 points per MC problem & 4 points per FR 
problem 

2 

150 points total 1 

160 points total 1 

200 points total 2 

Unknown 1 

Note. MC = Multiple Choice.  FR = Free Response. 

Comparison of Mean CGE Scores Between Two Groups of Online Mathematics 

Instructors 

Of the 16 instructors who taught online mathematics during the 2012-2013 

academic year, only 14 instructors agreed to grade the CGE.  The mean scores on the 

CGE of online mathematics instructors who did use CCS (n = 6) and online mathematics 

instructors who did not use CCS (n = 8) were compared.  The online mathematics 

instructors who did use CCS had a mean score of 74.25 (SD = 6.93) on the CGE, with the 

online mathematics instructors who did not use CCS having a mean score of 78.91 (SD = 

5.39).  Both the standardized skewness (i.e., skewness coefficient divided by the standard 

error of skewness = 0.36) and standardized kurtosis (i.e., kurtosis coefficient divided by 

the standard error of kurtosis = 0.17) coefficients for online mathematics instructors who 

did use CCS were within the range of normality of -3.00 to 3.00 (Onwuegbuzie & Daniel, 

2002b).  Similarly, for the online mathematics instructors who did not use CCS 

(standardized skewness = -0.17; standardized kurtosis = -0.40), the CGES indicated no 
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serious departure from normality.  Thus, an independent samples t test was used to 

examine the difference between the CGE scores of students in online mathematics classes 

who had CCS available and the CGE scores of students in online mathematics classes 

who did not have CCS available among all the online mathematics instructors.  The 

independent samples t test revealed no statistically significant difference between online 

mathematics instructors who did use CCS and online mathematics instructors who did not 

use CCS, t(12) = -1.42, p = .182. 

Additional parametric independent samples t tests were conducted to compare (a) 

online credit-level mathematics instructors who did use CCS and online credit-level 

mathematics instructors who did not use CCS and (b) online developmental-studies 

mathematics instructors who did use CCS and online developmental-studies mathematics 

instructors who did use CCS (see Table 36).  The independent samples t test revealed no 

statistically significant difference between online credit-level mathematics instructors 

who did use CCS and online credit-level mathematics instructors who did not use CCS, 

t(6) = -0.54, p = .61.  Similarly, the independent samples t test revealed no statistically 

significant difference between online developmental-studies mathematics instructors who 

did use CCS and online developmental-studies mathematics instructors who did not use 

CCS, t(9) = 0.55, p = .08.  Thus, the difference in the mean scores on the final course 

grade for students who completed an online mathematics course with CCS available—

regardless of credit-level mathematics or developmental-studies mathematics—and 

students who completed an online mathematics class without CCS could not be 

accounted for by a difference in the way that the online mathematics instructors graded.  

Because no issue of inconsistent grade assignments among instructors existed, I did not 



188 

 

need to calibrate the overall numeric course grades for each instructor by using the CGE 

grades as a covariate. 

Table 36 

Parametric Independent Sample t Tests for Common Graded Examination Scores 

Between Types of Online Mathematics Instructors 

 n M SD 

Standardized 
Skewness 
Coefficient 

Standardized 
Kurtosis 

Coefficient df t score p value 

All Online Mathematics Instructors  12 -1.42 .182 

CCS 6 74.25 6.93 0.36 0.17    

no CCS 8 78.91 6.93 -0.17 -0.40    

Credit-Level Mathematics Instructors  6 -0.54 .61 

CCS 4 73.88 3.57 -1.10 0.19    

no CCS 4 75.25 3.59 -1.67 1.15    

Developmental-Studies Online Mathematics Teachers 9 0.55 .08 

CCS 6 74.25 6.93 0.36 0.17    

no CCS 5 81.45 4.54 -1.67 -1.48    

 

Syllabi of all Online Mathematics Course 

I collected and examined the syllabi of all 79 online mathematics courses taught 

during the 2012-2013 academic year.  On a course syllabus, an instructor is required to 

list how he or she assigns an overall course grade to a student.  After examining the 

syllabi, I grouped the assessments used to compute a student’s overall numeric course 

grade into four categories: (a) Final Exam, (b) Test Average, (c) Homework Average, and 

(d) Other.  Table 37, Table 38, and Table 39 contain the percentages assigned to each of 

these four categories in all 79 courses during Fall 2012, Spring 2013, and Summer 2013, 
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respectively.  During the 2012-2013 academic year, the instructors of 50 online 

mathematics courses assigned 20% of a student’s overall course grade to the category 

Final Exam.  Additionally, the Final Exam category had the most consistent weight 

assigned, ranging from 20% to 25% of a student’s overall course grade.  In the 

developmental-studies mathematics courses (n = 41), all students were required to 

purchase a registration code for an online software program.  The Mathematics 

Department gave a master homework course—built within the online software 

program—to all developmental-studies mathematics instructors each semester.  The 

developmental-studies instructors assigned a range of 10% to 31% of a student’s overall 

course grade to the average earned on the assignments contained within the master 

homework course.  No instructor’s grading policy differed statistically significantly from 

the grading policy of the other instructors. 
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Table 37 

Percentages Used to Calculate Students’ Overall Numerical Course Grade during Fall 

2012 

 Courses with CCS  Courses without CCS 

 
Final 
Exam 
(%) 

Exam 
Average 

(%) 

HW 
Average 

(%) 

Other 
(%) 

 
Final 
Exam 
(%) 

Exam 
Average 

(%) 

HW 
Average 

(%) 

Other 
(%) 

DS 20 30 30 20 DS 20 50 15 15 

 20 40 25 15  20 50 15 15 

 20 40 25 15  20 50 15 15 

 20 50 15 15  22 50 17 11 

 20 50 15 15  22 50 17 11 

 20 50 20 10  23 62 15 0 

 23 46 31 0  23 62 15 0 

 23 46 31 0      

          

CL 20 50 15 15 CL 20 40 30 10 

 20 50 15 15  20 50 15 15 

 20 50 15 15  20 50 15 15 

 20 50 20 10  20 50 30 0 

 20 50 20 10  20 50 10 20 

 23 46 15 16  25 60 15 0 

 23 46 15 16  25 75 0 0 

      29 43 14 14 

Note. CCS = Classroom Capture Software.  HW = Homework.  DS = Developmental-
Studies.  CL = Credit-Level. 
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Table 38 

Percentages Used to Calculate Students’ Overall Numerical Course Grade during Spring 

2013 

 Courses with CCS  Courses without CCS 

 
Final 
Exam 
(%) 

Exam 
Average 

(%) 

HW 
Average 

(%) 

Other 
(%) 

 
Final 
Exam 
(%) 

Exam 
Average 

(%) 

HW 
Average 

(%) 

Other 
(%) 

DS 20 30 30 20 DS 20 50 15 15 

 20 40 25 15  20 50 15 15 

 20 40 25 15  22 50 17 11 

 20 50 15 15  22 50 17 11 

 20 50 15 15  23 62 15 0 

 20 50 20 10  23 62 15 0 

 23 46 31 0  25 50 12.5 12.5 

 23 46 31 0  25 50 12.5 12.5 

          

CL 20 50 15 15 CL 20 40 30 10 

 20 50 15 15  20 50 15 15 

 20 50 15 15  20 50 30 0 

 20 50 15 15  23 47 15 15 

 20 50 20 10  25 60 15 0 

 20 50 20 10  25 75 0 0 

 23 46 15 16  25 75 0 0 

 23 46 15 16      

Note. CCS = Classroom Capture Software.  HW = Homework.  DS = Developmental-
Studies.  CL = Credit-Level. 
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Table 39 

Percentages Used to Calculate Students’ Overall Numerical Course Grade during 

Summer 2013 

 Courses with CCS  Courses without CCS 

 
Final 
Exam 
(%) 

Exam 
Average 

(%) 

HW 
Average 

(%) 

Other 
(%) 

 
Final 
Exam 
(%) 

Exam 
Average 

(%) 

HW 
Average 

(%) 

Other 
(%) 

DS 20 30 30 20 DS 20 50 15 15 

 20 40 25 15  20 50 15 15 

 20 50 15 15  20 60 10 10 

 20 50 20 10  22 50 17 11 

      23 62 15 0 

      25 50 12.5 12.5 

          

CL 20 40 20 20 CL 20 40 30 10 

 20 50 15 15  20 40 30 10 

 20 60 20 0  20 50 15 15 

 20 60 20 0      

 25 50 0 25      

Note. CCS = Classroom Capture Software.  HW = Homework.  DS = Developmental-
Studies.  CL = Credit-Level. 

The Relationship Between Level of CCS Use and Success Rate 

To determine the relationship between the level of CCS use (i.e., independent 

variable) and success rate (i.e., dependent variable) among online mathematics 

community college students, I conducted several independent samples t tests.  First, I 

examined the difference between all online mathematics classes wherein CCS was used 

and all online mathematics classes wherein CCS was not used in terms of the overall 

numeric course grade.  Next, I examined the difference in the overall numeric course 
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grades of two subgroups of the independent variable: (a) all credit-level courses wherein 

CCS was used and all credit-level courses wherein CCS was not used and (b) all 

developmental-studies courses wherein CCS was used and all developmental-studies 

courses wherein CCS was not used.   

Lastly, I wanted to consider only students who successfully completed their 

online mathematics courses (i.e., received a letter grade of A, B, C, or D).  All grades less 

than 59.5% were eliminated from the data set because students who received a grade less 

than 59.5% were not considered to have successfully completed the course.  Using the 

new data set, I conducted independent samples t tests using the same three classifications 

of the independent variable as explained in the preceeding paragraph: (a) all courses 

wherein CCS was used and all courses wherein CCS was not used, (b) all credit-level 

courses wherein CCS was used and all credit-level courses wherein CCS was not used, 

and (c) all developmental-studies courses wherein CCS was used and all developmental-

studies courses wherein CCS was not used. 

The parameters of normality were not met in any of the six independent samples t 

tests that were conducted.  Consequently, six nonparametric independent samples t tests 

(i.e., Mann-Whitney U tests) were conducted.  I chose to use the Mann-Whitney U test—

instead of the Median Test—because it is considered to be the stronger of the two well-

used nonparametric independent t tests.  The Mann-Whitney U is less likely to produce a 

Type II error because “it utilizes more information from the data than does the median 

test” (Huck, 2012, p. 443).  When conducting the Mann-Whitney U test, the data from the 

two comparison groups initially are lumped together so that each score can be ranked to 

reflect a standing within the combined group (Huck, 2012).  After the ranks are assigned, 
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the data again are split according to the two comparison groups of interest.  Next, the 

assigned ranks are examined to determine whether a statistically significant difference 

exists between the two groups (Huck, 2012).  The formula used in the Mann-Whitney U 

test produces a calculated value called U; a p value is derived based on the value of U 

(Huck, 2012).  A direct relationship between p and U exists—smaller rather than larger 

values of U “make the sample data improbable when compared to what we would expect 

if the null hypothesis were true” (Huck, 2012, p. 444).  If the calculated p value was less 

than .05, I determined a statistically significant difference between the two groups being 

considered in terms of the dependent variable.  In the cases when a statistically 

significant difference existed, I measured the effect size associated with the difference 

using Cohen’s (1988) d.  Cohen’s (1988) criteria were used to determine whether the 

effect size was small (i.e., range .20 to .49), moderate (i.e., range .50 to .79), or large (i.e., 

.80 and larger).  If a difference existed, I was unable to look for a trend in the grades 

because each of the three semesters (i.e., fall, spring, and summer) represented a new 

collection of students. 

Comparison of Mean Overall Numeric Course Grades Between Two Groups of 

Online Mathematics Students 

The mean scores of the overall numeric course grade between all online 

mathematics students who did use CCS (n = 728) and all online mathematics students 

who did not use CCS (n = 748) were compared.  The online mathematics students who 

did use CCS had a mean of 68.97 (SD = 27.65), with the online mathematics students 

who did not use CCS having a mean of 62.59 (SD = 31.25).  For the online mathematics 

students who did use CCS, the standardized skewness coefficient of -12.79 lay outside 
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the parameters of normality, but the standardized kurtosis coefficient of 2.28 was within 

range of normality.  Additionally, for the online mathematics students who did not use 

CCS, the standardized skewness and standardized kurtosis coefficients were not within 

range of normality at -9.99 and -3.52, respectively.  Because at least one of the 

standardize skewness and kurtosis coefficients were less than -3 or greater than +3, the 

Mann-Whitney U test was used.  The nonparametric independent samples t test revealed 

a statistically significant difference at the .05 level between online mathematics students 

who used CCS and online mathematics students who did not use CCS, U = 567,662.50, p 

< .0001.  A small effect size of 0.22 emerged (Cohen, 1988).  Thus, the online 

mathematics students who used CCS, to a small degree, outscored the online mathematics 

students who did not use CCS by a mean difference of 6.38. 

Additional nonparametric independent samples t tests were conducted to compare 

(a) online credit-level mathematics students who did use CCS and online credit-level 

mathematics students who did not use CCS and (b) online developmental-studies 

mathematics students who used CCS and online developmental-studies mathematics 

students who did not use CCS (see Table 40).  The nonparametric independent samples t 

test revealed no statically significant evidence at the .05 level between online credit-level 

mathematics students who did use CCS and online credit-level mathematics students who 

did not use CCS, U = 63,352.00, p = .30.  In contrast, the nonparametric independent 

samples t test revealed a statistically significant difference at the .05 level between online 

developmental-studies mathematics students who used CCS and online developmental-

studies mathematics students who did not use CCS, U = 56,272.50, p < .0001.  A small-

to-moderate effect size of 0.36 emerged (Cohen, 1988).  Consequently, the online 
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developmental-studies mathematics students who used CCS, to a small-to-moderate 

degree, outscored the online developmental-studies mathematics students who did not use 

CCS by a mean difference of 11.72. 

Table 40 

Nonparametric Independent Sample t Tests for Mean Overall Numeric Course Grades 

and Online Mathematics Students 

 n M SD 

Standardized 
Skewness 
Coefficient 

Standardized 
Kurtosis 

Coefficient 
Mann-Whitley 

U p value 

All Online Mathematics Students  567,662.50 < .0001* 

CCS 728 68.97 27.65 12.79 2.28    

no CCS 748 62.59 31.25 -9.99 -3.52    

Credit-Level Mathematics Students  63,352.00 .30 

CCS 336 75.71 22.38 -11.06 6.82    

no CCS 368 75.15 21.36 -14.03 11.64    

Developmental-Studies Online Mathematics Students 56,272.50 < .0001* 

CCS 362 62.15 30.66 -6.66 -2.07    

no CCS 380 50.42 34.67 -2.02 6.07    

Note.  * p < .05 

Comparison of Mean Overall Numeric Course Grades Between Two Groups of 

Online Mathematics Students Who Successfully Completed the Course 

The mean scores of the overall numeric course grade between all online 

mathematics students who successfully completed the course (i.e., had an overall numeric 

course grade equal to 59.5% or greater) and who did use CCS (n = 538) and all online 

mathematics students who successfully completed the course and did not use CCS (n = 

511) were compared.  The online mathematics students who successfully completed the 



197 

 

course and did use CCS had a mean of 83.06 (SD = 11.02), with the online mathematics 

students who successfully completed the course and did not use CCS having a mean of 

81.67 (SD = 10.12).  For the online mathematics students who successfully completed the 

course and did use CCS, the standardized skewness coefficient of -2.15 lay within the 

parameters of normality, but the standardized kurtosis coefficient of -4.31 was not within 

range of normality.  Additionally, for the online mathematics students who successfully 

completed the course and did not use CCS, whereas the standardized skewness 

coefficient was marginal at -2.56, the standardized kurtosis coefficient was not within 

range of normality at -4.15.  Because at least one of the standardized skewness and 

kurtosis coefficients were less than -3 or greater than +3, again, the Mann-Whitney U test 

was used.  The nonparametric independent samples t test revealed a statistically 

significant difference at the .05 level between online mathematics students who 

successfully completed the course and did use CCS and online mathematics students who 

successfully completed the course and did not use CCS, U = 126,886.00, p = .03.  A 

small effect size of 0.13 emerged (Cohen, 1988).  Therefore, the online mathematics 

students who successfully completed the course and did use CCS, to a small degree, 

outscored the online mathematics students who successfully completed the course and 

did not have CCS by a mean difference of 1.38. 

Additional nonparametric independent samples t tests were conducted to compare 

(a) online credit-level mathematics students who successfully completed the course and 

used CCS and online credit-level mathematics students who successfully completed the 

course and did not use CCS and (b) online developmental-studies mathematics students 

who successfully completed the course and used CCS and online developmental-studies 
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mathematics students who successfully completed the course and did not use CCS (see 

Table 41).  The nonparametric independent samples t test revealed no statically 

significant evidence at the .05 level between online developmental-studies mathematics 

students who successfully completed the course and used CCS and online developmental-

studies mathematics students who successfully completed the course and did not use 

CCS, U = 21,026.00, p = .29.  Contrastingly, the nonparametric independent samples t 

test revealed a statistically significant difference at the .05 level between online credit-

level mathematics students who successfully completed the course and used CCS and 

online credit-level mathematics students who successfully completed the course and did 

not use CCS, U = 43,687.00, p = .03.  A small effect size of 0.16 emerged (Cohen, 1988).  

Thus, the online credit-level mathematics students who successfully completed the course 

and used CCS, to a small degree, outscored the online credit-level mathematics students 

who successfully completed the courses and did not have CCS by a mean difference of 

1.69. 
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Table 41 

Nonparametric Independent Sample t Tests for Mean Overall Numeric Course Grades 

and Types of Online Mathematics Students who Successfully Completed the Course 

 n M SD 

Standardized 
Skewness 
Coefficient 

Standardized 
Kurtosis 

Coefficient 
Mann-Whitley 

U p value 

All Online Mathematics Students who 
Successfully Completed the Course 

 126,886.00 .03* 

CCS 538 83.06 11.02 -2.15 -4.31    

no CCS 511 81.67 10.12 -2.56 -4.15    

Credit-Level Mathematics Students who 
Successfully Completed the Course 

 43,687.00 .03* 

CCS 305 83.94 11.42 -2.24 -3.23    

no CCS 319 82.25 9.87 -2.33 -2.72    

Developmental-Studies Online Mathematics Students who 
Successfully Completed the Course 

21,026.00 .29 

CCS 233 81.91 10.40 -0.93 -2.78    

no CCS 192 80.72 10.47 -1.09 -3.18    

Note.  * p < .05 

Comparison of Dropout Rates 

Table 42, Table 43, and Table 44 provide summaries of all students, credit-level 

students, and developmental-studies students, respectively.  When examining the total 

number of students enrolled, the percentage of students who withdrew from courses who 

did have CCS (25.51%) was greater than was the percentage of students who withdrew 

from courses and who did not have CCS (20.91%).  I believe that this was due to the fact 

that students who have access to CCS can visually “see” the material that they do not 

understand; thus, although not statistically significant (Х2[1] = 1.47, p = .21), they have a 

greater propensity to withdraw from the course.  Conversely, students who do not have 
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access to CCS cannot see the material that they do not understand; thus, they continue to 

have a false sense of hope and remain in the course.  Also, when examining the total 

number of students enrolled, the percentage of students who did not complete the course 

successfully (i.e., received a grade less than 59.5%) was less in courses that did have 

CCS (19.39%) than in courses that did not have CCS (25.03%), which, again, was not 

statistically significant (Х2[1] = 1.78, p = .18).  Lastly, when examining the total number 

of completers (i.e., students who received a grade for the course), the percentage of 

students who successfully completed the course (i.e., received a grade of 59.5% or more) 

in courses that did have CCS (73.90%) was statistically significantly (Х2[1] = 4.12, p = 

.04) greater than the percentage of students who successfully completed the course in 

courses that did not have CCS (68.32%).  The effect size associated with this statistically 

significant difference, as measured by Cramer’s V, was .06, which represents a small 

difference. Table 45 provides a comparison of success rates, failure rates, withdrawal 

rates, and incomplete rates. 

Table 42 

Summary of All Students 

 Courses with CCS  Courses without CCS 

Grade 
Category 

Fall 
2012 

Spring 
2013 

Su 
2013 Total  

Fall 
2012 

Spring 
2013 

Su 
2013 Total 

60-100% 201 233 104 538  189 212 110 511 

0-59% 80 83 27 190  107 87 43 237 

Withdraw 107 111 32 250  97 68 33 198 

Incomplete 0 2 0 2  1 0 0 1 

Totals 388 429 163 980  394 367 186 947 

Note. CCS = Classroom Capture Software.  Su = Summer. 
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Table 43 

Summary of Credit-Level Students 

 Courses with CCS  Courses without CCS 

Grade 
Category 

Fall 
2012 

Spring 
2013 

Su 
2013 Total  

Fall 
2012 

Spring 
2013 

Su 
2013 Total 

60-100% 97 133 75 305  120 140 59 519 

0-59% 23 28 10 61  30 13 6 49 

Withdraw 67 64 13 144  67 27 10 104 

Incomplete 0 0 0 0  1 0 0 1 

Totals 187 225 98 510  218 180 75 473 

Note. CCS = Classroom Capture Software.  Su = Summer. 

 

Table 44 

Summary of Developmental-Studies Students 

 Courses with CCS  Courses without CCS 

Grade 
Category 

Fall 
2012 

Spring 
2013 

Su 
2013 Total  

Fall 
2012 

Spring 
2013 

Su 
2013 Total 

60-100% 104 100 29 233  69 72 51 192 

0-59% 57 55 17 129  77 74 37 188 

Withdraw 40 47 19 106  30 41 23 94 

Incomplete 0 2 0 2  0 0 0 0 

Totals 201 204 65 470  176 187 111 474 

Note. CCS = Classroom Capture Software.  Su = Summer. 
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Table 45 

Comparison of Success, Failure, Withdrawal, and Incomplete Rates 

Category 

Courses 
with 
CCS 

Courses 
without 

CCS 

All Students   

Successfully Complete (Out of Completers) 3.90% 68.32% 

Unsuccessfully Complete (Out of Completers) 26.10% 31.68% 

Successfully Complete (Out of Total Enrolled) 54.90% 53.96% 

Unsuccessfully Complete Incomplete (Out of Total Enrolled) 19.39% 25.03% 

Incomplete (Out of Total Enrolled) 0.20% 0.10% 

Withdraw (Out of Total Enrolled) 
 

25.51% 20.91% 

Credit-Level Students   

Successfully Complete (Out of Completers) 83.33% 86.68% 

Unsuccessfully Complete (Out of Completers) 16.67% 13.32% 

Successfully Complete (Out of Total Enrolled) 59.80% 67.44% 

Unsuccessfully Complete Incomplete (Out of Total Enrolled) 11.96% 10.36% 

Incomplete (Out of Total Enrolled) 0% 0.21% 

Withdraw (Out of Total Enrolled) 
 

28.24% 21.99% 

Developmental-Studies Students   

Successfully Complete (Out of Completers) 64.36% 50.53% 

Unsuccessfully Complete (Out of Completers) 35.64% 49.47% 

Successfully Complete (Out of Total Enrolled) 49.57% 40.51% 

Unsuccessfully Complete Incomplete (Out of Total Enrolled) 27.45% 39.66% 

Incomplete (Out of Total Enrolled) 0.43% 0% 

Withdraw (Out of Total Enrolled) 22.55% 19.83% 

Note. CCS = Classroom Capture Software. 
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Usage Data of Classroom Capture Software 

During the 2012-2013 academic year, the six instructor participants used three 

different classroom capture software programs.  Table 46 lists the software that each 

instructor used during the 2012-2013 academic year.  Although all classroom capture 

software produce a similar result (i.e., a video file that can be watched via the Internet on 

a Learning Management System), the way in which the video file is created and stored 

differs from software to software.  Some software programs allow the instructor to store 

the video file locally, meaning that the instructor always has possession of the original 

video file.  Contrastingly, some software programs necessitate that the file be stored on 

their server, meaning that the instructor does not have physical possession of the original 

video file. 

Table 46 

Brands of Classroom Capture Software Used in Study 

Instructor Software Program 
Total Number of Unique Courses Taught  
During the 2012-2013 Academic Year 

Corie Panopto 1 

Felicity Camtasia 2 

Marcie EduCreations 2 

Megan Panopto 4 

Samantha Panopto 2 

Sophie Panopto 2 

 

One of the more popular classroom capture software programs currently on the 

market is called Camtasia (TechSmith Corporation, 2016).  Prior to using Camtasia, the 

instructor must install the software package.  When creating a screen-capture video, the 
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instructor uses the Camtasia Recorder.  The original video file is stored on the computer 

as a .trec file.  Next, the instructor must create a project—using Camtasia Studio—and 

store the project as a .camproj file.  Within the Camtasia Studio, the instructor can 

perform several operations on the project (e.g., edit the audio and/or video track, add 

closed captions, insert quizzes that require responses before the video will continue to 

play) prior to producing the video.  If an instructor wants to share a video with the 

students, he or she must “Produce and Share” the video within the Camtasia Studio.  The 

file format (e.g., .mp4 with Smart Player) must be selected, and the storage location on 

the local computer must be designated.  After the video has been produced, he or she can 

upload the .mp4 file to the Learning Management System for the students to watch. 

As previously stated, all classroom capture software programs produce a similar 

outcome.  Another popular software program currently available is called Panopto 

(Panopto CourseCast, 2012).  Prior to using Panopto, the instructor must download the 

software program and login to the Panopto server using an assigned Panopto CourseCast 

login.  To create a video, the instructor opens the software program, clicks on “Start,” and 

clicks on “Stop.”  No other action is required of the instructor.  The video file is uploaded 

and stored on the Panopto CourseCast server (i.e., the instructor does not physically 

possess the video file).  For each video recorded, Panopto sends the instructor a unique 

URL, which can be listed as a hyperlink on the Learning Management System for the 

students to access. 

During the 2012-2013 academic year, the institution involved in the study had a 

license with the classroom capture software called Panopto CourseCast (2012).  Shortly 

after the 2012-2013 academic year, the contract between the institution and Panopto was 
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not renewed.  Consequently, the four instructors who exclusively used Panopto during the 

year of study (i.e., Corie, Sophie, Samantha, and Megan [all pseudonyms]) could no 

longer access the Panopto CourseCast (2012) server and could no longer retrieve video 

usage statistics.  During the year of study, each of the four instructors created course 

specific folders within Panopto.  Each course folder contained videos specific to a unique 

mathematics course (e.g., two folders existed on the Coursecast server under Samantha’s 

login because she taught two unique mathematics courses during the year of study).  If 

the instructor recorded videos for the same mathematics course more than once during 

the year of study, only the first grouping of videos within the course folder were used to 

calculate the number of recordings and the average length of each recording specific to an 

instructor’s unique mathematics course (see Table 47).  Most instructors averaged 30 to 

35 minutes per recording.  However, Megan averaged 15 minutes and 9 minutes in her 

two developmental-studies mathematics courses. 
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Table 47 

Summary of Recordings for Each Instructor’s Course Folder in Panopto 

aLevel of 
Mathematics 
Course Instructor 

Total Number of 
Recordings in Course 

Average Number of Minutes per 
Recording for Videos in Course  

(in minutes) 

DS Megan 40 15 

DS Megan 51 9 

DS Samantha 44 36 

DS Sophie 36 31 

CL Corie 37 35 

CL Megan 27 35 

CL Megan 21 39 

CL Samantha 56 28 

CL Sophie 56 34 

Note. aEach row listed represents a unique mathematics course. 
The specific courses were not listed to help maintain anonymity of the instructors. 
DS = Developmental-Studies.  CL = Credit-Level. 

At the time that data were collected, specific usage statistics at the video level 

were no longer available.  The course folders could still be seen on the CourseCast 

server.  Graphical summaries of the usage statistics within a folder (e.g., number of 

minutes recordings within the folder were viewed during a specific time period) were 

available.  Figure 10 to Figure 15 provide information about six different course folders; 

some course folders were accessed by students in different courses during multiple 

semesters within the year of study.  On each figure, the weeks corresponding to the year 

of study are located along the horizontal axis located at the bottom of each figure.  For 

example, in Figure 10, videos were accessed during the weeks of late-August through 

mid-October.  These recordings corresponded to a first 8-week fast track mathematics 
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course taught during the Fall 2012 semester.  Two green bar graphs are located within 

each figure.  The label and measure for these green bars are found on the left vertical 

axis.  The light green bars denote the total number of views during the corresponding 

week, whereas the dark green bars denote the total number of unique views during the 

same week.  Students commented that they seldom watched an entire recording from start 

to finish—rather, they started/stopped the video in order to handle the demands of life, or 

they referred to particular segments within a video in order to view specific problems that 

were similar to their homework problems.  This type of student comment helped to 

explain the significant difference between the light green and dark green bars.  The label 

and measure corresponding to the red line are located along the right vertical axis.  The 

red line graphed along the top of the green bars indicates the total number of minutes that 

all videos located within the course folder were viewed during the respective week.  The 

spikes in the red lines corresponded to the examination weeks. 

 

Figure 10. Summary of three classes – one Fall 2012, one Spring 2013, one Summer 
2013.  
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Figure 11. Summary of three classes – one Fall 2012, one Spring 2013, one Summer 
2013.  

 
 

 

Figure 12. Summary of two classes – one Fall 2012, one Spring 2013.  
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Figure 13. Summary of five classes – two Fall 2012, two Spring 2013, one Summer 
2013.  

 

 

Figure 14. Summary of one class – Spring 2013.  
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Figure 15. Summary of six classes – two Fall 2012, two Spring 2013, two Summer 2013.  
 
 

Qualitative Results 

Student Participants 

In order to explore the students’ perceptions pertaining to the effect of classroom 

capture software on their course performance, I conducted semi-structured interviews 

with 10 student participants.  To recruit the 10 student participants, I initiated contact via 

telephone calls.  Only three students who agreed to participate in the study answered my 

initial phone call.  The remaining seven students who agreed to participate in the study 

allowed my initial phone call to go to voice mail.  They returned the missed phone call 

after listening to my voice message.  Two student participants who listened to my 

message stated that they had a strong desire to return my call because the class mentioned 

in the message had been “the most memorable online mathematics class they had 

completed.”  During my initial phone conversation with each student participant, I 
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obtained verbal permission to use his or her personal email address in order to send him 

or her the approved recruitment documentation letter and the approved consent 

documentation form. 

All students who agreed to participate in the study signed and returned the 

consent form prior to their interview.  Due to the extended length of time between the 

year of study (i.e., Fall 2012 – Summer 2013) and the time of data collection (i.e., Spring 

2017), no student participant remained enrolled at the institution that was used in the 

study—four student participants revealed that they no longer resided in the same state as 

the institution.  Consequently, no student participant with whom I spoke agreed to 

interview in the originally planned location (i.e., a private study room located in the 

library attached to the local branch of the community college involved in the study).  

Instead, each student participant was asked to interview using Skype (Skype 

Technologies, 2017).  Seven student participants agreed to be interviewed using Skype; 

however, three student participants requested only to be interviewed by telephone.  

Although each student signed the consent form and agreed to have the interview 

recorded, I verbally confirmed his or her permission to use recording devices at the 

beginning of each interview.  The Skype interviews were conducted on my laptop.  I 

utilized a screen capture software called Camtasia (TechSmith Corporation, 2016) to 

record the Skype interviews.  I reviewed the video recordings to assess the nonverbal 

communication of the seven student participants who were interviewed using Skype.  In 

addition to recording the interviews with Camtasia, I used an Echo SmartPen (2017) as a 

secondary audio-only recorder.  The desktop software associated with the Echo SmartPen 

allowed me to slow the speed of the digital audio file associated with each interview—
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which aided me in the transcription process of each interview.  To reduce the threat of 

interpretive validity, I asked each participant to member check the transcription of his or 

her interview.  After receiving confirmation of accurate accounts from all student 

participants, I entered the transcribed interviews as separate cases—but one project—into 

a qualitative data software program, namely, QDA Miner Version 5.0.7 (Provalis 

Research, 2016) and performed a constant comparison analysis (Glaser & Strauss, 1967). 

Results of constant comparison analysis. A constant comparison analysis was 

performed on the data obtained from the student interviews.  This analysis involved 

reading through each student transcript and identifying any significant ideas 

communicated by the participants.  These identified ideas were coded and examined for 

any patterns or themes (Strauss & Corbin, 1998).  There were originally 43 codes 

assigned to the data.  However, after several iterations of coding, this analysis revealed 

19 codes that then were organized into six major themes: (a) Theme 1: Inclusiveness, (b) 

Theme 2: Flexibility, (c) Theme 3: Future Outlook, (d) Theme 4: Guidance, (e) Theme 5: 

Elimination of Isolation, and (f) Theme 6: Challenges. 

Theme 1, Inclusiveness, consisted of codes that helped the students to describe 

benefits associated with the concept of inclusiveness.  The students expressed enjoyment 

of feeling included in the online class, as if they were attending class.  Jos captured this 

feeling: 

I would say that the biggest thing about CCS was that I felt I was still getting that 

classroom environment, which is one of the reasons why I liked being a student in 

the college atmosphere.  A lot of times when you take an online class, you are 

very isolated.  It’s you and yourself.  You don’t get a lot of interaction with your 
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peers or your instructor.  So having the videos allowed me to still feel like part of 

the process. 

CCS helped to provide Jos with the feeling of being included.  Some students also 

mentioned the added benefit of being able to take notes while they watched the videos.  

Tabby stated: 

I just wrote down my own notes as she was writing.  I just followed along with 

her, as she did each problem, step-by-step.  I wrote everything down as she was 

going through it.  None of my other only classes had that software.  You would 

just have to read the book, by yourself, kind of like a teaching yourself type of 

thing. 

The second theme extracted was Flexibility.  Codes related to this theme included 

the ability to start and to stop the videos.  Students also mentioned how CCS provided 

them with the ability to learn at their own pace.  Both of these concepts were captured in 

Mika’s comment: 

I liked the videos because if I was going along and I came to a part where I didn’t 

understand how she got to a specific number, I could pause it, back it up a little 

bit, and rework it, especially if I had reached the wrong answer.  Doing that in a 

classroom setting would be more difficult.  When you are doing the software, you 

are able to move at your own pace and learn the material the best way possible for 

you. 

Future Outlook was the third theme extracted from the student data.  Students 

discussed having fear and doubts about enrolling in an online mathematics course.  Few 
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students knew about CCS prior to enrolling in the course in the study.  After her exposure 

to CCS, Denise stated: 

A lot of people see online [math] and they are like “I just don’t have the mental 

discipline to do that – to sit there and do this online class, I will probably blow it 

off.’  But in reality, I think it is easier to do an online math class.  You can do it 

whenever you want.  So, I think people should share their experiences with CCS, 

and just let people know that it is an option.  I think it made our class experience 

more memorable than all the other ones.  It was one of my first online classes.  

Since then, I’ve taken a lot more.  It was definitely my favorite one, and it kept 

me taking online classes.  CCS made it interesting and better than the other ones. 

Mika shared advice that she would give to a future online student: 

I would tell all future online students to throw all of their expectations that they 

had before on how online classes are run out the window.  Because I absolutely 

believed that it would be set up like my previous home school class.  Or that I 

would have no interaction.  I would be stuck behind a computer screen.  And I 

would just have to read out of my textbook.  And that’s it.  That’s the only thing I 

would get.  And it’s not like that.  It’s not that much different from being in a 

regular classroom.  In fact, in some ways, the benefits of the online classroom 

outweigh being in a regular classroom. 

The fourth extracted theme was Guidance.  Students shared examples of how 

CCS helped explain solutions to problems.  Mika shared comments that she told her 

friends who were thinking about taking an online mathematics class: 
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Don’t dwell on “If I take an online class, then I might fail it.  I’m not going to be 

good at an online class.  I need to be able to ask questions.  I’m not going to see 

anybody work the problems.”  That’s not how it is.  All my expectations before I 

went in were blown out the window after I took this class online. 

Other students, like Michelle, compared online mathematics courses to other online 

courses: 

Most online classes will present their PowerPoints, and you can just read through 

it yourself.  But when you are talking about math, you are talking about steps that 

are involved.  So, I was extremely happy to see how that [CCS] technology was 

used.  And I could hear the lecture, and on the screen, I could literally see line-by-

line, her writing, as she was talking.   

These comments about how CCS provided a way to overcome the challenges of taking 

mathematics in an online format (i.e., it enabled the instructor to demonstrate step-by-

step explanations) helped the theme Guidance to emerge. 

The fifth theme to emerge was Elimination of Isolation.  The videos not only 

eliminated the necessity of self-teaching the material, but they also removed the feeling 

of being all alone in the online course.  Jos stated, “I feed off questions and responses.  If 

I didn’t have those videos, I would feel isolated.  I would feel like it was just me.  If I got 

confused on something, I wouldn’t even know where to start.” Statements such as this 

helped this theme to emerge. 

The last theme to emerge from the student data was Challenges.  When asked 

about what challenges she experienced when using CCS, Mika responded: 
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You had to make sure that you have the necessary stuff on your computer to run 

the videos, like the plugins and stuff like that.  The only downside that I would 

even think was there was just if you had a question—you’re not in a classroom, so 

you can’t just raise your hand and ask when you don’t understand.  You have to 

email and then wait for a response. 

Jos replied to the same question, “Since it was an online class, if I didn’t have access to 

the Internet, then I was not able to watch the videos.”  Because several students made 

reference to hardware and/or software issues, the theme Challenges emerged.  

Results of classical content analysis. After the six themes had been identified, a 

classical content analysis was conducted in order to count the codes that emerged within 

each theme that was extracted from the constant comparison analysis.  The organization 

of these codes into themes can be viewed in Table 48.  Overall, as can be seen from Table 

48, the codes associated with the theme inclusiveness occurred most frequently (28.34%), 

followed by codes associated with the theme flexibility (23.48%).  The codes associated 

with the theme challenges were the least prevalent, with a prevalence rate of 4.05%.  
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Table 48 

Constant Comparison Analysis and Classical Content Analysis on Student Data: Themes, 

Codes, and Frequencies 

Theme Codes Used 

Frequency of 
Codes within 

Theme 

% of Codes 
within 
Theme 

Inclusiveness provided feeling of being in a classroom, 
provided experience of a classroom lecture, 
provided the ability to take notes, 
provided the ability to hear questions asked by 
other students, 
provided quick responses to questions 

70 28.34 

Flexibility provided ability to start/stop/pause/rewind 
video,  
provided ability to learn at own pace,  
provided an environment free of distractions 

58 23.48 

Future Outlook provided a new perspective of online math 
classes,  
provided a feeling of confidence,  
provided desire to have CCS in future courses,  
encouraged exposure to other technology 

54 21.86 

Guidance provided step-by-step explanations and 
solutions to problems,  
provided personal touch of instructor,  
provided a way to overcome challenges of 
online math 

39 15.79 

Elimination of 
Isolation 

eliminated the feeling of being alone,  
eliminated to feeling of self-teaching the 
material 
 

16 6.48 

Challenges challenge associated with using technology,  
challenge of not asking questions in real time 

10 4.05 

Total  247 100.00 

 

Table 49 displays the frequency for the prominent code within each theme that 

stemmed from the classical content analysis.  Based on these coding frequencies (see 
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Table 49), it can be seen that the student participants placed the most emphasis on the 

codes provided feeling of being in a classroom—representing Theme 1, followed by 

provided ability to start/stop/pause/rewind video—representing Theme 2, and then 

followed by provided step-by-step explanations and solutions to problems—representing 

Theme 3.  Within the 10 transcribed student interviews, the 19 emergent codes were 

assigned to 247 different chunks of data. 

Table 49 

Classical Content Analysis on Student Data: Prominent Codes and Frequencies 

Theme 
Most Prominent Code in 

Theme 
Frequency  
of Code 

% Code Used  
within Theme 

Inclusiveness Provided feeling of being in a 
classroom 

35 
 

50.00 

Flexibility Provided ability to 
start/stop/pause/rewind video 

27 46.55 

Future Outlook Encouraged exposure to 
other technology 

18 33.33 

Guidance Provided step-by-step 
explanations and solutions to 
problems 

24 61.54 

Elimination of 
Isolation 

Eliminated feeling of self-
teaching the material 

14 87.50 

Challenges Challenge associated with 
using technology 

8 80.00 

Note. Obtained using QDA Miner Version 5.0.7 
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Instructor Participants 

There were 16 online mathematics instructors who taught during the 2012-2013 

academic year.  Seven of the online instructors disclosed that they had used CCS in their 

online mathematics courses, and six of these instructors agreed to participate in the study.  

In order to explore the instructors’ perceptions pertaining to the effect of classroom 

capture software on their students’ course performance, I conducted semi-structured 

interviews with each of the six instructor participants.  To recruit the six instructor 

participants, I initiated contact via telephone calls.  The six instructor participants all 

answered my initial phone call and agreed to participate in the study.  Additionally, the 

six instructors consented to using email so that I could electronically send the recruitment 

documentation letters and the approved consent documentation forms to them. 

All instructors who agreed to participate in the study signed and returned the 

consent form prior to their interview.  Although there were several years between the 

year of study (i.e., Fall 2012 – Summer 2013) and the time of data collection (i.e., Spring 

2017), all instructors disclosed that they have continued to use CCS in their online 

mathematics courses.  No instructor participant wanted to interview in the originally 

planned location (i.e., a private study room located in the library attached to the local 

branch of the community college involved in the study).  Three instructors requested to 

be interviewed in their respective work office; two instructors requested to be interviewed 

in the evening hours using Skype; and one instructor requested to be interviewed at an 

institution of higher education that was different from the institution involved in the 

study.  All instructors consented to having their interview recorded using Camtasia 

(TechSmith Corporation, 2016) and an Echo SmartPen (2017).  Similar to the 
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transcription process of each student interview, I utilized the desktop software associated 

with the Echo SmartPen to slow the speed of the digital audio file associated with each 

instructor interview—which aided me in the transcription process of each instructor 

interview.  Following my initial instructor interview, I participated in a debriefing 

interview with my dissertation chair.  During the debriefing, my dissertation chair 

reminded me about my emtic perspective (Onwuegbuzie, 2012).  My dissertation chair 

warned not to complete sentences for the instructors when they were answering the 

interview questions.  To reduce the threat of interpretive validity, I asked each participant 

to member check the transcription of her interview.  After receiving confirmation of 

accurate accounts from all instructor participants, I entered the interview transcriptions as 

separate cases—but one project—into a qualitative data software program, namely, QDA 

Miner Version 5.0.7 (Provalis Research, 2016) and performed a constant comparison 

analysis (Glaser & Strauss, 1967). 

Results of constant comparison analysis. Upon completion of the instructor 

interviews, a constant comparison analysis was performed on the data.  This analysis 

involved reading through each instructor transcript and identifying any significant ideas 

communicated by the participants.  The instructor transcripts were significantly longer—

and consequently more dense with data—than were the student transcripts.  The 

instructor interviews (M = 40.86, SD = 10.30), ranging from 31 to 55 minutes, were 

statistically significantly longer (t[14] = 5.30, p < .0001) than were the student interviews 

(M = 19.50, SD = 5.97), which ranged from 13 to 33 minutes.  Initially, there were 48 

codes assigned to the instructor data.  However, after the multiple rounds of coding, the 

analysis revealed 28 codes that then were organized into five major themes: (a) Theme 1: 
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Benefits for Students, (b) Theme 2: Challenges , (c) Theme 3: Benefits for Instructors, (d) 

Theme 4: Online Teaching, and (e) Theme 5: Future Students.   

Theme 1, Benefits for Students, consisted of codes that instructors used to 

describe benefits for students that were associated with the use of CCS in their online 

mathematics courses.  Several codes in this theme had previously emerged as codes 

during the constant comparison analysis of the student data.  In other words, benefits that 

students observed also were observed as benefits for the students by the instructors.  For 

example, both students and instructors listed provides ability to start/stop/pause/rewind 

video and provides classroom experience as benefits of CCS.  However, two codes within 

the Benefits for Students theme of the instructor data were extracted as themes for the 

students’ data, namely, provides flexibility and decreases feeling of isolation. 

The second theme, Challenges, emerged from codes associated with five different 

challenges faced by instructors who used CCS.  Before the software can be used, the 

software must be purchased.  Although some software is less expensive than are other 

software, money is still required for the purchase.  Another code that contributed to the 

Challenge theme was time related—time to create the videos and time to upload the 

videos.  Samantha captured her frustration: 

From the front end, the biggest challenge of getting the videos into the online 

classroom is actually making the videos.  Making the videos is very time 

consuming, even if you don’t edit them.  You still have to go to the classroom, get 

everything set up, and make sure everything is working.  Inevitably, you are going 

to get a video that doesn’t work right, and you are going to have to re-do it.  Then, 

you have to produce the video before you can upload it to the LMS. 
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Benefits for Instructors was the third theme that emerged.  Several instructors 

explained that CCS provided them with the opportunity to bond with coworkers (e.g., 

attending professional development to learn about CCS, sharing of videos).  Megan 

stated, “I didn’t really mind sharing, because I am one of those people—I like to work 

together with everyone.  We are a department.  We work together.  It’s better for the 

students.”  Another benefit seen from the instructors’ perspectives was the flexibility 

provided by CCS (i.e., they could create videos from multiple locations to use in their 

online courses).  Students made comments about the ability to view step-by-step 

explanations, and the instructors made comments about the ability to demonstrate step-

by-step instructions, “I use my working notes—there is some explanations, then we do an 

example or two.  Then some more explanation.  Then we do an example or two.”  Sophie 

explained how she knew that the students watched her explanations of how to solve 

problems, “When I grade their exams, I can see my organization, the way I write in the 

recordings.  I can see it line-by-line, all the way through the problem.” 

The fourth theme, Online Teaching, included codes such as how CCS reduced the 

difficulties unique to math online, how CCS transformed explanations from written to 

visual, and how CCS alters preferences to teach online.  Several instructors explained 

how mathematics differed from other disciplines in the online environment and how CCS 

had changed the online mathematics environment. For example, Corie stated the 

following: 

It is very different in an online math class versus an online history class.  In 

history, they can read the chapter, take a test, and they are done.  In math, you 

can’t do that.  I always have to remind them.  At the first of the semester, I send 
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out an email that says, “You do realize that you are going to have to teach 

yourself the math?”  And without classroom capture, they had to go Google, they 

had to go search, they had to go find. 

The fifth and last theme was Future Students.  This theme emerged from 

statements about how CCS applied to future students, rather than to current students.  

Some instructors commented that students contact them—prior to registering for the 

class—in order to confirm that videos will be provided.  Sophie commented, “Your 

online class has to be good enough for them to want to take it, to feel like they can pass 

it.” 

Results of classical content analysis. After the five themes had been identified, a 

classical content analysis was conducted in order to count the codes that emerged within 

each theme that was extracted from the constant comparison analysis.  A list of the five 

instructor themes and their prevalence rates can be viewed in Table 50.  The theme 

Benefits for Students was the most prevalent (37.84%), followed by the themes 

Challenges (23.87%) and Benefits for Instructors (18.17%).  The most prevalent theme 

for Felicity was Challenges; however, the most prevalent theme for the remaining five 

instructors was Benefits for Students.  Thus, all instructors—except Felicity—discussed 

the benefits CCS provided to students more than any other theme.  Lastly, the theme 

Future Students was the least prevalent, with a prevalence rate of 7.66%.   
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Table 50 

Constant Comparison Analysis and Classical Content Analysis on Instructor Data: 

Themes, Codes, and Frequencies 

Theme Codes Used 

Frequency of 
Codes within 

Theme 

% of Codes 
within 
Theme 

Benefits to 
Students 

increases confidence – makes student feel more 
successful, provides classroom experience,  
provides alternative explanations for different 
learning styles, shows instructor cares and explains 
expectations,  
testing environment similar to f2f classroom,  
provides flexibility, provides ability to 
start/stop/pause/rewind video, provides sense of 
belonging, decreases feeling of isolation,  
decrease study time 

252 37.84 

Challenges cost of product and other necessary technology 
products,  
time required to create/post videos,  
hardware/software issues – damaged files,  
motivating students to watch videos,  
abiding by laws governing usage 

159 23.87 

Benefits to 
Instructors 

provides opportunity to bond with coworkers,  
provides ability to lecture,  
provides flexibility to teach from any location,  
provides time to focus on course improvement,  
provides ability to demonstrate step-by-step 
explanations,  
provides ability to give immediate feedback,  
focus on student needs/questions 

121 18.17 

Online 
Teaching 

reduces difficulties unique to math online,  
transformed explanations from written to visual,  
alters preferences to teach online,  
increases accountability of student 

83 12.46 

Future 
Students 

increases enrollment,  
changes expectations of online courses 

51 7.66 

Total  666 100.00 

Note. Obtained using QDA Miner Version 5.0.7. 
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Based on coding frequencies, the instructor participants placed the most emphasis 

on the codes increases confidence - makes student feel more successful—representing 

Theme 1 and cost of product and other necessary technology products—representing 

Theme 2.  The 28 codes were assigned to 666 different chunks of data within the six 

transcribed instructor interviews.  Overall, the codes associated with the themes benefits 

for students and challenges occurred most frequently, as compared to codes associated 

with the remaining three themes.  Table 51 displays the frequency for the most prominent 

code within each theme. 

Table 51 

Classical Content Analysis on Instructor Data: Prominent Codes and Frequencies 

Theme Most Prominent Code in Theme 
Frequency of 

Code 
% Code Used 
within Theme 

Benefits for Students Increases confidence – makes 
student feel more successful 

50 19.84% 

Challenges Cost of product and other 
necessary technology products 

53 33.33% 

Benefits for 
Instructors 

Provides opportunity to bod 
with coworkers 

36 29.75% 

Online Teaching Reduces difficulties unique to 
math online 

28 33.73% 

Future Students Increases enrollment 39 76.47% 

Note. Obtained using QDA Miner Version 5.0.7. 
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Mixed Research Results 

Results of Exploratory Analysis to Determine Prevalence Rate of Each Student 

Theme 

Because several years had passed between when the student took online 

mathematics course and when the student completed the interview, I was concerned that 

the student participants might have a difficult time recalling important details about the 

specific mathematics course.  However, most students were quick to recount specific 

details about the videos used in the mathematics courses.  The excitement of sharing their 

experiences was documented in their responses.  One of the participants, Tabby (a 

pseudonym is used here, as is the case for all student participants), stated, “That [credit-

level mathematics class], that’s probably the most memorable math class I’ve taken.”  

Denise, a student participant who plans to earn a bachelor’s degree with a minor in 

mathematics, declared, “Now that I think about it, I mean…that was my most memorable 

math class.”  Justine, Jos, Michelle, and Robin shared statements similar to Tabby and 

Denise. The mixed results pertaining to each of the six themes extracted from the student 

participant interview data are presented in the following sections. 

Theme 1: Inclusiveness. The Inclusiveness theme was the most prevalent of the 

six themes, with a prevalence rate of 28.34%.  The most emphasized code in the 

Inclusiveness theme, provided feeling of being in a classroom, was the only code within 

the theme that was discussed by all 10 students.  The classroom capture software made 

the students feel like they were a member of a physical group within a classroom.  The 

students referenced the feeling of being in a classroom on 35 different occasions.  Each 

student mentioned this feeling as least twice during his or her interview, and both Jos and 
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Grace made six references to CCS providing this feeling. At the time of the interview, 

Denise had completed more than seven online mathematics courses, and she stated that 

the course in the study was the only course that exposed her to CCS.  She compared her 

online experience involving CCS with other traditional mathematics classes, as follows: 

“We got pretty much the same experience as a face-to-face class—just without going.”  

Another student, Robert, shared his opinion that students in traditional face-to-face 

classes slowed the progress and momentum of learning due to asking questions during a 

lecture.  In fact, he preferred to take online classes—they required minimal interaction 

with classmates.  When describing the benefits of CCS, he stated, “Well, actually I felt as 

part of the class as I wanted to feel.”  His statement implied satisfaction with being 

included in the class—it was inclusion on his terms. The two additional codes listed in 

Table 52 (i.e., provided the ability to take notes, provided experience of a classroom 

lecture) were each discussed by eight students.  Not only did CCS make students feel like 

they were part of the classroom, but also it helped to teach these students important study 

skills (e.g., note taking).  Grace explained, “I am the type of person, I like to take my own 

notes, so I did actually follow along like I was in class and take my own notes.” 



228 

 

Table 52 

Theme 1: Codes and Selected Statements from Students 

Code Statements 

Frequency of 
Code in 
Theme 

Number of 
Cases 

Provided 
feeling of 
being in a 
classroom 

For those of us like myself, where taking classes on 
campus wasn’t an option, we were still able to get 
that same kind of learning experience of being able 
to watch somebody work through the problems. 
 
The benefits were just being able to see the work 
being done, like you were actually in the classroom. 
 
It was very nice to feel like I was actually 
participating in a class. 
 
It was like I was sitting in a regular college class. 
 
We got pretty much the same experience as her 
face-to-face class—just without going. 

35 10 

Provided 
the ability 
to take 
notes 

I have to write it out in order to learn, so I would 
write everything out. 
 
I did actually follow along like I was in class and 
take my own notes. 
 
I wrote down everything as she was going through 
it. 
 
My notes were of me working through it with her. 
 
I could work along with her. 

13 8 

Provided 
experience 
of a 
classroom 
lecture 

She would work out the whole lecture – like the 
basic information and then we would do practice 
problems. 
 
She posted her notes that she had written off that 
day with the lecture. 
 
I was able to actually see her teach a lesson. 

10 8 

Note. Obtained using QDA Miner Version 5.0.7. 
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The fourth most emphasized code within the Inclusiveness theme was provided 

the opportunity to hear questions asked by other students, with a prevalence rate of 

11.43%.  Students who watched videos that were recorded during live classroom settings 

explained the benefit of hearing other students’ voices on the recordings.  Grace 

recounted a time when she had the exact question posed by a student on the recording: 

Sometimes the students would ask a question that I would have actually—I 

remember one time, we were, [the instructor] was going over the lesson, and a 

student in the class asked a question.  And I had just asked the same question to 

myself, “Well I wonder if such and such…”  And then a student on the screen 

asked the same question.  And I was like, “Yes!” 

Theme 2: Flexibility. The Flexibility theme was the second most prevalent theme 

among the student participants, with a prevalence rate of 23.48%.  Associated with this 

theme were three codes.  The most prevalent code in this theme was provided the ability 

to start/stop/pause/rewind video, with a prevalence rate of 46.55%.  Because a key 

feature of watching a video is the ability to start and to stop the video at times convenient 

to the viewer, students listed this feature as one of the benefits that enhanced the 

flexibility of the online course.  Several comments helped to form this code.  George 

explained, “Unlike a regular classroom, you can pause and rewind the video, and watch it 

over and over again for something that you didn’t understand the first time.”  Another 

student, Mika, explained the rewind feature from a different perspective:  

When you are taking the final exam, when you are in a regular classroom setting, 

and you’ve learned the material, that’s it.  [With CCS], when it comes to having 

to prepare for the final, you have the videos to go back over.  And if you didn’t 
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perform so well on an exam, you can go back and look at those exact same 

videos, figure out what you did wrong.  And you ultimately wind up doing better 

on the final.  Whereas, if you are in a regular classroom setting, they [instructors] 

are not going back and re-teaching all of the stuff that they already taught.  You 

are out of luck.  You just hope you got it the first time. 

The second most prevalent code in the Flexibility theme—and the only code 

within the theme that was discussed by every student—was provided the ability to learn 

at own pace.  Some comments related to this code also overlapped with the most 

prevalent code of the Flexibility theme (i.e., provided the ability to 

start/stop/pause/rewind video).  For example, Mika stated: 

I could pause it, back up a little bit, and rework it.  Doing that in a classroom 

setting is more difficult – to kind of backtrack and stop the entire class.  Whereas, 

when you are watching the video, you are able to move at your own pace and 

learn the material the best way possible for you. 

The prevalence rate of the last code provided an environment free of distractions 

within the Flexibility theme was 12.07%.  This benefit was mentioned by only two 

students—George and Michelle.  Both students commented about how the videos 

eliminated background noise and provided a learning environment free of distractions.  

However, Michelle took her feelings about classroom distractions to a deeper level: 

Not having the other classroom distractions that usually typically go on in the 

classroom setting—people messing with their phones, people having private 

conversations in the classroom while you are trying to focus on what you are 

doing, loud distractive noises, someone eating and munching on chips—and when 
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you are frustrated, the slightest little noises can just get under your skin.  So, I 

enjoyed being in control of that. 

Michelle was a student who sought instructors who used CCS prior to enrolling in the 

online instructor’s class.  Her family and work obligations made online courses a 

necessity, and she knew that she needed to give extra focus to her mathematics courses.  

Because a distraction-free environment was important to Michelle, she commented that 

the CCS not only eliminated distractions caused by students, but also distractions caused 

by the instructor: 

Sometimes, a professor can be a bit of a distraction, too, if they are wearing 

something glitzy, like certain dangly earrings, you might find it distracting.  The 

bright color of the outfit they are wearing might be distracting.  So using this 

software, with all three of my professors, nothing was visual of them. 

Table 53 lists the three codes that formed the Flexibility theme, together with key 

statements and the relevance rate of each code. 
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Table 53 

Theme 2: Codes and Selected Statements from Students 

Code Statements 

Frequency of 
Code in 
Theme 

% Code 
Used within 

Theme 
Number 
of Cases 

Provided 
ability to 
start/stop/pau
se/rewind 
video 

You are able to stop and rewind. 
 
Unlike a regular classroom, you can 
pause and rewind the video. 
 
I was able to stop and go back and 
rewind and watch the videos over-and-
over again. 

27 46.55% 9 

Provided the 
ability to 
learn at own 
pace 

You could watch it at any time. 
 
I could skip forward a little bit because 
I understood the material. 
 
I could go and watch the whole thing 
over again, at my convenience. 
 
With the video, you can go at your 
own pace. 

24 41.38% 10 

Provided an 
environment 
free of 
distractions 

There were no additional noises in the 
background, which was nice. 
 
I didn’t have any other classroom 
distractions distracting me from it. 

7 12.07% 2 

Note. Obtained using QDA Miner Version 5.0.7. 

Theme 3: Future outlook. The third most prevalent theme among the students 

was the Future Outlook theme, with a prevalence rate of 21.86%.  The three most 

prevalent codes that emerged within the Future Outlook theme were encouraged 

exposure to other technology, provided a new perspective of online math classes, and 
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provided feeling of confidence.  Some students declared that CCS would be a reason to 

register for a class.  Justine stated, “If I knew a teacher was utilizing CCS, I would 

definitely sign up for their classes.”  George confirmed a similar feeling about CCS: 

If I were to rewind and do it all over again, if there was a way to know when you 

were signing up for a class, if there was a little asterisk by a class that says this 

one has classroom videos that you can watch, that would help me to choose that 

class over a class that didn’t offer the videos. 

CCS helped some students to gain confidence about their educational abilities.  

For example, Jos attributed her success in the course to the use of CCS: “I would say 

CCS actually helped me do really well in the course.”  Additionally, some students 

attributed their success in future courses to the exposure of CCS in the course involved in 

the study.  Denise stated: 

This course set the foundation for my next five math courses that I had to take.  

And I remember it.  And some of my friends in college are also taking Calculus I 

right now.  And they struggle with it.  And I’m just like “I don’t remember it 

being that hard.” 

Table 54 lists the four codes that formed the Future Outlook theme, together with key 

statements and the relevance rate of each code. 
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Table 54 

Theme 3: Codes and Selected Statements from Students 

Code Statements 

Frequency of 
Code in 
Theme 

% Code  
Used within 

Theme 
Number of 

Cases 

Encouraged 
exposure to 
other 
technology 

If I was confused about how she was 
explaining it, I would look to other 
resources or other videos online. 
 
I would say because of that [CCS], I am 
more open to connect with my students 
outside the classroom. 

18 33.33 9 

Provided a 
new 
perspective 
of online 
math classes 

I would tell all future online students to 
throw all of their expectations that they 
had before on how online classes are 
run, out the window. 
Seeing that kind of technology utilized, 
I’ve benefited from it in three math 
classes.  I know how well it works with 
me. 

17 31.48 10 

Provided a 
feeling of 
confidence 

I would say that the CCS based course 
actually helped me do really well in the 
class. 
 
It [CCS] really, really helped me. 

14 25.93 8 

Provided 
desire to 
have CCS in 
future 
courses 

If I were to enroll in another online 
math class, I would definitely try to 
search for professors that use it. 
 
If I knew the teacher was utilizing that 
[CCS], I would definitely sign up for 
that class. 
 
It’s [CCS] just gotten so prevalent.  I 
think it’s the way to go moving 
forward. 
 
I would try to find a class that had that 
software, just so I can see the professor 
doing it. 

5 9.23 3 

Note. Obtained using QDA Miner Version 5.0.7. 
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Theme 4: Guidance. Three codes helped the Guidance theme to emerge: (a) 

provided step-by-step explanations and solutions to problems, (b) provided personal 

touch of instructor, and (c) provided a way to overcome challenges of online math.  

When asked to explain the benefits of CCS, eight students responded with comments that 

supported the code provided step-by-step explanations and solutions to problems.  Justine 

explained that her prior experience in an online mathematics class included the instructor 

assigning problems out of a textbook, posting a few handwritten notes, and telling 

students to take an examination in a testing center.  She revealed, “It’s nice to ‘see’ the 

step-by-step, instead of [the instructor] just a slapping a piece of paper in your face.”  

Mika pointed out that CCS helps students who are visual learners.  Also, she related the 

time that instructors spent making the videos to the level of care that instructors had for 

their students (i.e., support for the second most prevalent code provided a personal touch 

of instructor within Theme 4): 

I think it makes a difference the amount of effort that the professor is putting into 

it.  By doing those videos, it just shows that they care more about their 

students…They want them to learn, and they are willing to put the time and effort 

to make these videos…I am much more of a visual learner.  So, for me to be able 

to see the teacher, watch her write the problem on the board, and then watch her 

step-by-step come to the answer, that’s how I benefitted from it. 

Some students provided statements that the videos made them feel more 

connected with the instructor, again providing support for the code provided personal 

touch of instructor.  For example, Grace “felt more engaged with the teacher” when she 

watched the videos.  These students acknowledged the personal touch that the videos 
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gave to the online course.  For example, Denise commented, “it wasn’t pre-recorded 

videos somewhere else, it was the instructor teaching it, instead of someone else.”  And 

Robin stated, “I think I benefitted from having a kind of live professor, per say, in the 

online course.” 

The final code of the Guidance theme was provided a way to overcome 

challenges of online math.  Six students acknowledged a difference between online 

classes in mathematics and online classes in other disciplines.  They provided several 

characteristics that distinguished online mathematics classes (e.g., required proctored 

testing). However, only four students discussed how CCS helped them to overcome the 

uniqueness of online mathematics classes.  Jos stated: 

Math classes online are extremely difficult, especially as you get into higher level 

mathematics, because they are not basic here’s your notes, go do it.  It’s more of a 

procedural class, so you need to know processes, and also the why behind the 

process.  Math classes, in my opinion, are just harder online.  The videos made 

you feel like you were actually in the classroom lecture.  It was like I was sitting 

in a regular college class.  The problems would be worked out. 

Theme 5: Elimination of isolation. The Elimination of Isolation theme contained 

only two codes: eliminated the feeling of self-teaching the material and eliminated the 

feeling of being alone.  Comments related to the feeling of isolation are common among 

online students (Song, Singleton, Hill, & Koh, 2004).  Jos explained, “A lot of times 

when you take an online class, it’s very isolated—it’s you and yourself.  You don’t get a 

lot of collaboration from your peers or your instructor.”  Prior to taking the online 

mathematics course involved in the study, Tabby completed an online mathematics 
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course in which the instructor did not use CCS.  She described, “You would actually have 

to read the book, by yourself, kind of like teaching yourself type of thing, not like 

someone teaching you how to do it.”  In support of CCS, Robert stated, “The videos just 

helped.  It helped being able to see like you are in a classroom, seeing problems worked 

out rather than teaching yourself, which is the alternative.”   

Theme 6: Challenges. The Challenges theme contained only two codes.  The 

most prevalent code within this theme was challenges associated with using technology, 

with a prevalence rate of 80.00%.  Only six students referenced technology issues.  As a 

student who lived in a remote area, Mika commented, “I live out in the sticks.  So, that 

was one of the challenges of using the software.”  The only other code in the Challenges 

theme was challenge of not asking questions in real time.  Robert commented, “You were 

able to see the work being done, like you were in the classroom.  The challenge was that 

you couldn’t just put up your hand and ask a question in the middle of it.”  Table 55 lists 

all the codes that formed Theme 4, Theme 5, and Theme 6, together with the relevance 

rate of each code.   
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Table 55 

Summary of Codes in Theme 4, Theme 5, and Theme 6 

Theme Code 

Frequency 
of Code in 

Theme 

% Code 
Used within 

Theme 
Number 
of Cases 

Guidance Provided step-by-step explanations 
and solutions to problems, 
Provided personal touch of instructor, 
Provided a way to overcome 
challenges of online math 

24 
 

11 
4 

61.54% 
 

28.20% 
10.26% 

8 
 
6 
4 

Elimination 
of Isolation 

Eliminated feeling of self-teaching the 
material, 
Eliminated the feeling of being alone 

14 
 
2 

87.50% 
 

12.50% 

7 
 
1 

Challenges Challenge associated with using 
technology,  
Challenge of not asking questions in 
real time 

8 
2 

80.00% 
20.00% 

6 
2 

Note. Obtained using QDA Miner Version 5.0.7. 

Results of Correspondence Analysis of Students 

Figure 16 illustrates the 10 student participants mapped, via a correspondence 

analysis, onto the space that displays the six emergent student themes (i.e., Theme 1: 

Inclusiveness, Theme 2: Flexibility, Theme 3: Future Outlook, Theme 4: Guidance, 

Theme 5: Elimination of Isolation, and Theme 6: Challenges).  This figure displays how 

the student participants are related to each other with regard to these six student themes. 
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Figure 16. Correspondence plot of students.  
 
 

Recall that, in order to determine the prevalence rate of each effect theme, 

frequencies were computed by placing either a score of “1” (if a student’s response 

contained a characteristic that was assigned to the particular theme) or a score of “0” 

(otherwise).  This dichotomization led to the formation of an inter-respondent matrix of 
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student themes (i.e., student x theme matrix) (Onwuegbuzie, 2003a; Onwuegbuzie & 

Teddlie, 2003).  The inter-respondent matrix (student x themes) is provided in Table 56.  

The prevalence rate of each student is located in the last column.  Michelle and, Mika 

were the two most prevalent students, with prevalence rates of 16.19% and 12.96%, 

respectively. 

Table 56 

Inter-Respondent Matrix (Student x Themes) 

Student 
Theme 

1 
Theme 

2 
Theme 

3 
Theme 

4 
Theme 

5 
Theme 

6 Freq. 

Prev. 
Rate of 
Each 

Student 

Denise 6 1 5 4 0 0 16 6.48 

George 4 4 5 2 4 0 19 7.69 

Grace 12 7 5 2 1 2 29 11.74 

Jos 10 3 7 3 3 1 27 10.93 

Justine 6 3 5 4 2 0 20 8.10 

Michelle 5 19 9 4 2 1 40 16.19 

Mika 7 8 5 9 0 3 32 12.96 

Robert 9 6 6 5 0 1 27 10.93 

Robin 5 4 5 2 4 0 20 8.10 

Tabby 6 3 2 3 2 1 17 6.88 

Frequency 
(Manifest) 
Effect Sizes 70 58 54 39 16 10 247  

Prev. Rate of 
Each Theme 28.34 23.48 21.86 15.79 6.48 4.05   

Note. Theme 1 = Inclusiveness; Theme 2 = Flexibility; Theme 3 = Future Outlook; 
Theme 4 = Guidance; Theme 5 = Elimination of Isolation; Theme 6 = Challenges. 
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After the correspondence analysis was conducted in QDA Miner (Provalis 

Research, 2016), the correspondence plot was studied to find similarities among the 

different students who were clustered by the different themes.  After the data were 

examined and common characteristics were identified, five meta-themes emerged: (a) 

Full-time Employed, (b) Home-schooled, (c) Pre-Transient, (d) Software Seeker for 

Continued Coursework in Mathematics, and (e) Nontraditional Student.  These meta-

themes will be discussed. 

Meta-Theme 1: Full-time employed. The first observed meta-theme on the 

correspondence plot, Full-time Employed, contained the isolated student who had the 

highest prevalence rate, Michelle.  During the time of the study, Michelle was a newly 

returning (i.e., nontraditional) student with a pre-teenage son at home.  She was the only 

student who was enrolled in class while being employed full-time.  She discussed her 

obligations in detail:   

I work at least 40+ hours per week.  I have a family, with at this point now, a 16 

year old son.  He was younger when I first started this journey.  So, I still needed 

to be able to attend his sporting events, his sporting events, and still be a 

productive member of my family.  To fit those things in, I had to stay up late ‘til 

midnight doing class work. 

She emphasized how the use of CCS helped to provide flexibility with outside demands 

that she faced in life.  She also spoke about how CCS allowed her to learn at her own 

pace: 

There wasn’t anything that was going to deter me from pausing, or rewinding, and 

refocusing on what the math was.  The technology provided me with an actual 
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lecture, and a visual, and the auditory, that I could see and hear at the same 

time…if there was a concept or a point that I was having a hard time wrapping my 

head around, I could pause it, and rewind it, and go back to it, until I got it. 

Although other students discussed the concept of distractions, Michelle was the only 

student to discuss CCS helping to eliminate the distractions: 

With CCS, I didn’t have the other classroom distractions that usually typically go 

on in the classroom setting, people messing with their phones, people having 

private conversations in the classroom while you are trying to focus on what you 

are doing, loud distractive noises—someone eating and munching on chips, and 

when you’re frustrated, the slightest little noises can just get under your skin.  So, 

I enjoyed being able to be in control of that and staying in my bedroom—it is the 

only quite place in my home. It’s a quiet place where I have nothing else that 

could distract me from what I am trying to focus on. 

These statements helped to explain why Michelle was contained in the Full-time 

Employed meta-theme. 

Meta-Theme 2: Home-schooled. The second observed meta-theme on the 

correspondence plot, Home-Schooled, contained the isolated student Mika. In high 

school, Mika did not attend a brick-and-mortar school—she was homeschooled.  When 

she spoke about her experience of homeschool mathematics, she stressed that there was 

no interaction with an instructor and no guidance on how to solve the mathematical 

problems.  During her home school experience, she was unable to ask questions to her 

high school instructor.  She related this home school-based struggle with the challenge of 
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not being able to ask questions to her online mathematics instructor in real time.  She 

stated: 

I actually did homeschooling.  I just got a booklet, and it resulted in me having to 

try and find videos to find out how to do the problem.  I had no interaction.  It was 

just a little small booklet that they sent.  That’s the only thing I would get.  I 

wasn’t doing all that well when I went through high school.  I have done much 

better in college than I did in high school, but it has still been hard.  I think it is a 

direct result of being able to have that software readily available, being able to 

watch how the problems are worked out.  I benefited a lot more from those videos 

then I did through any textbook.   

When watching the videos in the online mathematics class, Mika admitted that she had 

enjoyed being able to take notes and having guidance to work through the problems.  

Mika acknowledged the challenges that she faced as a college student that resulted from 

being required to self-teach mathematical concepts as a homeschooled high school 

student.  These statements helped to explain why Mika was closest in proximity to the 

Challenges theme.  Additionally, Michelle’s statements helped to explain why Michelle 

was contained in the Home-Schooled meta-theme. 

Meta-Theme 3: Pre-transient. The third observed meta-theme on the 

correspondence plot, Pre-transient, contained the isolated student Robin.  During the 

interview, Robin disclosed that she had completed an online mathematics course at a 4-

year institution prior to the course in the study: 

The class I took through [another institution], it was basically a self-taught class.  

It was also self-paced.  That was a very terrible idea.  All the professor would 
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basically do was email us, “On page 20, you need to do questions 1-30, and then 

turn it in.”  So, there was no actual professor teaching you how to do it.  So, I had 

to basically get somebody else to tell me how to do it.  And then try to do it 

myself.  So, that class was very difficult.  I remember how terrible it was. 

When speaking about the class in the study, Robin expressed the satisfaction of the class 

not being different from her first online mathematics class at her previous institution: 

I think it was very similar to just going to a class, because you’re more or so just 

watching the professor even when you are in a class—same thing of watching it in 

the comfort of your own home.  It was a very different experience. 

Additionally, Robin was the only student to discuss attending a 4-year institution prior to 

taking classes at the institution in the study.  All other students indicated that the 2-year 

institution in the study was the first institution of higher education that they had attended.  

These statements helped to explain why Robin was contained in the Pre-transient meta-

theme. 

Meta-Theme 4: Software seeker for continued coursework in mathematics. 

The fourth meta-theme, Software Seeker for Continued Coursework in Mathematics, 

contained Jos, George, Justine, and Tabby.  They were located near the Future Outlook 

theme.  After completing the mathematics course in the study, three of these students 

(i.e., Jos, George, and Justine) completed more than seven additional online mathematics 

courses.  As a returning student seeking a new career field, George explained: 

I was a 45 year old freshman when I went back to school.  It had been a long time 

since I had taken any kind of math class.  So I went through all of it.  And I think 

it [CCS] really helped. 
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George disclosed that soon after he completed the course in the study, he transferred to a 

4-year institution and completed a bachelor’s degree in accounting.  When reflecting 

back on his educational experience, he commented: 

I think it [CCS] helped a lot.  If I were to rewind and do it all over again, if there 

was a way to—you know, when you are signing up for class—if there was a little 

asterisk by one that says “This one has classroom videos that you can watch,”  

that would probably help me choose that class over a class that didn’t offer it. 

George completed more than 75% of the coursework for his bachelor’s degree online, 

and he attributed his early exposure to CCS with providing a new prospective of how to 

view returning to school and taking online courses. 

Similar to George, both Jos and Justine continued taking additional mathematics 

courses after the course in the study.  During the interview, Justine revealed that she 

would be completing her bachelor’s degree with a minor in mathematics at the end of the 

next semester.   Jos revealed that following the completion of her bachelor’s degree in 

mathematics and her master’s degree in education, she began teaching eighth-grade 

mathematics.  During her interview, she shared a unique experience with me: Because of 

her exposure to CCS in her online mathematics course, she was able to explain to the 

administrators at her school how CCS might benefit her homebound students in her class.  

Shortly after providing this explanation, the school district purchased CCS for her to use 

with the homebound student.  These statements helped to explain why Jos, Justine, 

George, and Tabby were closest in proximity to the Future Outlook theme—after their 

experience with CCS, they had gained a different perspective of online mathematics 
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courses.  In fact, Jos, Justine, and George sought degrees earning mathematics as a major 

or minor. 

However, one student (i.e., Tabby) revealed that the online mathematics course in 

the study fulfilled the mathematics requirement for her undergraduate coursework.  

Tabby stated: 

I personally don’t like to take math courses online because I like to be with a 

physical professor, because I am not good at math.  So it’s easier for me to be in 

an actual class.  It was beneficial to have the video of a professor doing the 

problems in this class.  But for me, personally, I want to take math classes in an 

actual classroom. 

When asked what format she would prefer if she were required to take an additional 

mathematics course, Tabby confessed: 

I would try to find a class that had that software, just so I can like see the 

professor doing it.  It is easier for me to understand when I am looking at the 

professor instead of like having worksheets and the answer is just there.  I need to 

see it step-by-step, to see how you got to the answer.  And if I had to take another 

math class, I would definitely want the software. 

These statements helped to explain why Tabby was located in the Software Seeker for 

Continued Coursework in Mathematics meta-theme encompassing the Future Outlook 

theme—if she were required to take another mathematics course, she would seek another 

course that offered CCS because of her experience with CCS. 

Meta-Theme 5: Nontraditional student. Both the Future Outlook theme and the 

Flexibility theme were contained in the fifth meta-theme called Nontraditional Student.  
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All students in this meta-theme (i.e., George, Grace, and Michelle) were nontraditional 

students who enrolled in online developmental-studies mathematics courses.  The 

remaining seven students who were not in this meta-theme (i.e., Robin, Jos, Justine, 

Tabby, Denise, Robert, and Mika) were enrolled in online credit-level mathematics 

courses.  Additionally, George and Michelle were the oldest student participants.    As 

nontraditional students, they all acknowledged the confidence that CCS gave to them as 

they returned to school.  George stated, “If I didn’t know something, I knew there was a 

video on there [LMS] that I could watch over and over again until I got it.”  Additionally, 

Michelle explained how CCS helped to remove her fear of mathematics in the online 

environment:  

I was extremely frightful of taking it online.  I had a lot of anxiety about it.  I was 

really worried because I know I can struggle with math.  The videos were not part 

of your grade, but it would be a huge waste of my time to try to figure out how to 

do that math without watching the lecture.  I essentially would have had to go out 

and teach myself.  The teacher is giving you what you need, the knowledge you 

need to do the assignments. 

Although Grace was not as old as George and Michelle, she was still a nontraditional 

student.  Like Michelle, Grace admitted to struggling in mathematics and explained how 

CCS helped her to gain confidence: 

Being able to stop and go back and rewind and watch the videos over and over 

again—that kind of thing was very beneficial because sometimes I am a little 

slow.  It takes going over things a couple of times before I get it. 
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All three nontraditional students obtained their educational goals: George earned a 

bachelor’s degree in accounting; Michelle earned a bachelor’s degree in nursing; and 

Grace earned her associate’s degree.  Their comments about how CCS helped to improve 

their confidence, how CCS provided them with the ability to stop and to rewind the 

lectures, and how CCS provided them with the ability to earn at their own pace helped to 

explain why these students were grouped in the Nontraditional Student meta-theme. 

Results of Exploratory Analysis to Determine Prevalence Rate of Each Instructor 

Theme 

Five instructors indicated 9 or more years of teaching experience at the start of the 

2012-2013 academic year.  At that time, Marcie was the only instructor who had minimal 

teaching experience—it was only her third year of teaching.  Although four instructors 

were seasoned teachers, they did not have the same length of teaching experience in the 

online environment.  The instructor with the most online teaching experience indicated 

only 8 years of online teaching experience at the time of the study.  It is important to 

know that most brands of classroom capture software became available for use in the late 

2000s (e.g., Panopto in 2007, Camtasia in 2009, EduCreations in 2010).  This meant that 

at the time of the study, not only were the instructor participants relatively inexperienced 

teaching in this online environment, but also they had limited experience using classroom 

capture software.  Because the data collection occurred more than 4 years after the 

academic year of study, the instructors were able to provide substantially more 

information about classroom capture software than they would have been able to provide 

at the end of the academic year of study.  Further, because the online instructors have 

continued to use CCS, they were able to share how their use of CCS has evolved during 
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the last 4 years.  Also, due to the length of time that they had used CCS and the feedback 

that they had received from students, the instructors provided insight about the benefits 

and challenges from both the instructor and the student perspectives. The next five 

sections provide results pertaining to the prevalence rate of each of the five instructor 

themes, namely: (a) Theme 1: benefits for students, (b) Theme 2: challenges, (c) Theme 

3: benefits for instructors, (d) Theme 4: online teaching, and (e) Theme 5: future students.  

Theme 1: Benefits for students. The Benefits for Students theme had a 

prevalence rate of 37.84%. Most instructors spoke with ease about the benefits that they 

perceived CCS provided for the students.  Data from Corie, Marcie, Megan, Samantha, 

and Sophie provided data in support of codes within the Benefits for students theme more 

than codes within any other theme.  Felicity was the only instructor who made statements 

that were coded under the Challenges theme more often than coded under any other 

theme. 

The second most prevalent code in the Benefits for Students theme was provides 

classroom experience, with a prevalence rate of 17.86%.  Instructors stated that the 

videos allowed the online student to “be in the classroom” while sitting at home.  Felicity 

shared her thoughts, “I think online students watching the video, who see me interacting 

with a student, [it] gives them more of a feel of the traditional classroom.”  When asked if 

they edited the recordings prior to posting them in the online classroom, some of the 

instructors laughed and sarcastically asked where to find the time needed in order to edit 

the videos.  Sophie, however, shared a different philosophy, “I don’t want to edit it, I 

want it to feel alive, you know.  If I mess up or if a student calls me on something, and 
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we cut up about it, I want them to hear it.”  Sophie truly wanted her online students to 

experience the environment of her traditional classroom.  

Theme 2: Challenges. With a prevalence rate of 23.87%, the Challenges theme 

encompassed codes about challenges faced by instructors both with using CCS and with 

having CCS available to students.  The biggest perceived challenge faced by the 

instructors using CCS was the costs associated with purchasing not only the CCS 

product, but also other technological products that are associated with using CCS.  The 

second most prevalent code within the Challenges theme was time required to create/post 

videos.  Samantha voiced her frustration, “Making those videos is very time-consuming, 

and I don't even edit them.”  With respect to building the online course in a Learning 

Management System, Corie complained, “To put together a class now online, is not near 

as easy as just putting up my resources, and being done.  With the videos, there's much 

more now that has to happen on my end.”  One instructor explained that if she wanted to 

record a lecture in the classroom, she had to arrive in the classroom early to set up her 

computer and get the software program ready to record.  After the class ended, she had to 

produce the video (i.e., convert the video into an mp4 file) and upload the video into the 

LMS.  Three instructors also mentioned the additional time required when converting 

their lecture notes into pdf files and uploading notes into the LMS. 

Because the use of a computer was required in all the online mathematics courses, 

the instructors stated that they expected students to have issues related to hardware and 

software.  However, using CCS yielded additional challenges—to both students and 

instructors.  All instructors who created their own videos mentioned that, on occasion, 

video files became damaged (e.g., the audio would no longer sync with the video, or the 
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audio was no longer heard).  When this situation occurred, the instructors stated that they 

received immediate feedback from students.  Megan explained, “I get emails from 

students because they are freaking out—they can’t open a particular video.”  The students 

relied so heavily on the videos, that they came to expect the videos to be posted.  Corie 

added, “If I don't have a video that's working, or a video that's posting correctly, or I just 

forgot to put one up there.  They let me know.  And they let me know quickly.”  Lastly, 

the instructors voiced concerns about the challenges that they faced with respect to the 

code how to motivate the students to watch videos.  This code had a prevalence rate of 

16.35%, and it was discussed by four instructors. 

Theme 3: Benefits for instructors. The prevalence rate for the Benefits for 

Instructors theme (18.17%) was slightly less than was the prevalence rate for the 

Challenges theme (23.87%).  Instructors placed more emphasis on challenges than on 

perceived benefits for themselves.  The code that emerged as being the most prevalent 

within the Benefits for Instructors theme was provides opportunity to bond with 

coworkers, with a prevalence rate of 29.75%.  All six instructors mentioned how CCS 

promoted comradery and unity among members of the mathematics department. 

The second most prevalent code within the Benefits for Instructors theme was 

provides ability to lecture.  Samantha explained how she recorded her face-to-face 

lectures in the classroom.  Instead of writing on the chalk board, she displayed the screen 

of her tablet onto the screen at the front of the classroom.  She spoke about the different 

features that she used on her tablet while making the videos: 

I have different colored pens, and can use a different thickness with each color…I 

can use the snipping tool, grab a graph, copy it into the Journal file, and write 
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stuff next to and on the graph…or I can pull up the Virtual TI—a virtual 

calculator that looks just like their calculator—and show them what buttons to 

push step-by-step.  And all of this gets recorded for students to watch whenever 

they want. 

Theme 4: Online teaching. With a prevalence rate of only 12.46%, the Online 

Teaching theme encompassed beliefs and feelings that instructors associated between 

CCS and online teaching.  The most prevalent code within this theme was reduces 

difficulties unique to online math, with a prevalence rate of 33.73%.  The instructors were 

asked to share how teaching mathematics in an online environment differed from 

teaching mathematics in a traditional classroom.  Corie stressed that her expectations 

remained the same, regardless of the format: “My online class has the same tests, they 

have the same homework, they have the same everything as my face-to-face class.  

Exactly the same, I don’t do anything different.”  When attempting to explain other 

known differences between mathematics and other disciplines, most instructors shared 

similar thoughts as did Corie: “In history, they can read the chapter, take a test, and they 

are done.  In math, they can’t do that.  They can't read math and learn math, very few 

students can do that.  They have to see the math.” 

Although the code alters preferences to teach online was the third most prevalent 

code within the Online Teaching theme, I believed it was the most powerful of all 

instructor codes.  Instructors spoke about their teaching experiences, in both the 

traditional and online environments.  Some instructors reminisced about teaching prior to 

CCS, and discussed how CCS changed their perspectives of online mathematics.  During 

her interview, Sophie radiated with passion about using CCS as she spoke: 
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I guess I never realized, until talking with you, that I've never taught a class online 

without recordings.  I don't think I would teach online if there was no capture.  In 

fact, I wouldn’t.  That’s the only reason I started teaching online.  I’ve never 

taught a math class online without recordings in it.  I just can't imagine ever doing 

that. 

Corie displayed the same kind of passion for CCS: “I wouldn't teach another 

online course without using classroom capture software.  It's just too important a part of 

the class now.”  In recognizing what an important part technology plays in the online 

environment, Felicity took it one step further: “It’s not just making the content work with 

the technology anymore.  It’s making the content better with the technology.” 

Theme 5: Future students.  The least prevalent instructor theme was the Future 

Students theme, with a prevalence rate of 7.66%.  This theme contained only two codes: 

increase enrollment and changes expectations of online courses.  All six instructors 

provided comments about both codes within this theme.  Corie provided the most 

information about how CCS could increase enrollment: 

There are several initiatives going on at our school.  There is an online task force 

that’s looking at how to make our online classes stand out, if you will, from 

others.  So, everybody can offer everything online—that’s the way of education 

now.  But what makes our online classes stand out?  I think what does make our 

stand out, particularly our math classes, is this classroom capture software.  That 

really makes our classes different.  We get students from all over the area. 

The second, and last, code in the Future Students theme was changes expectations of 

online courses, with a prevalence rate of 23.53%. Sophie commented, “I think that most 
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students at this point expect videos.  Maybe I’m wrong.  Especially in the upper-level 

math classes, I think they expect it.” 

Results of Correspondence Analysis of Instructors 

Figure 17 illustrates the instructor participants mapped, via correspondence 

analysis, onto the space that displays the five emergent instructor themes (i.e., Theme 1: 

Benefits for Students, Theme 2: Challenges, Theme 3: Benefits for Instructors, Theme 4: 

Online Teaching, and Theme 5: Future Students).  This figure displays how the instructor 

participants are related to each other with regard to these five themes. 

 

Figure 17. Correspondence plot of instructors.  
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Recall that, in order to determine the prevalence rate of each effect theme, 

frequencies were computed by placing either a score of “1” (if an instructor’s response 

contained a characteristic that was assigned to the particular theme) or a score of “0” 

(otherwise).  This dichotomization led to the formation of an inter-respondent matrix of 

instructor themes (i.e., instructor x theme matrix) (Onwuegbuzie, 2003a; Onwuegbuzie & 

Teddlie, 2003).  The inter-respondent matrix (instructor x themes) is provided in Table 

57.  The prevalence rate of each instructor is located in the last column.  The two 

instructors who generated the most themes were Corie and Megan—with prevalence rates 

28.23% and 18.77%, respectively.  The length of the instructor interview had no 

influence on the prevalence rate of the instructor.  Corie’s interview was the longest in 

duration, whereas Megan’s interview was the shortest in duration. 

Table 57 

Inter-Respondent Matrix (Instructor x Themes) 

Instructor Theme 1 Theme 2 Theme 3 Theme 4 Theme 5 Frequency 
Prev. Rate of 
Each Student 

Corie 60 43 39 30 16 188 28.23 

Felicity 32 36 19 10 5 102 15.53 

Marcie 36 15 13 6 5 75 11.26 

Megan 56 25 26 13 5 125 18.77 

Samantha 27 18 11 9 11 76 11.41 

Sophie 41 22 13 15 9 100 15.01 

Frequency 
(Manifest) 
Effect Sizes 252 159 121 83 51 666  

Prev. Rate of 
Each Theme 37.84 23.87 18.17 12.46 7.66   

Note. Theme 1 = Benefits for Students; Theme 2 = Challenges; Theme 3 = Benefits for 
Instructors; Theme 4 = Online Teaching; Theme 5 = Future Students. 
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After the correspondence analysis was conducted in QDA Miner (Provalis 

Research, 2016), the correspondence plot was studied to find similarities among the 

different instructors who were clustered by the different themes.  After the data were 

examined and common characteristics were identified, four meta-themes emerged: (a) 

Administrative Viewpoint, (b) Upper-level Online Mathematics Courses, (c) Technology 

Background, (d) Benefits..  These meta-themes will be discussed. 

Meta-Theme 1: Administrative viewpoint. Administrative Viewpoint was the 

first observed meta-theme on the correspondence plot of instructors contained only 

Samantha.  During the interview, Samantha revealed that she served in a dual role at the 

institution—both as a teaching faculty member and as an administrative department chair.  

Part of Samantha’s job responsibility was to build the course schedule for the 

mathematics department each semester.  Aware of the trend of increasing enrollment in 

online courses, Samantha stated: 

Our department does place a lot of value on the videos.  We are always thinking: 

What can make our classes stand out?  We are geographically landlocked, so we 

cannot incorporate any additional school districts to increase our enrollment.  Our 

budget is tied to enrollment growth.  Thankfully, our online enrollment has 

increased significantly. 

Also, she indicated that the institution was developing a link called “Meet Your Online 

Professor” that would be placed on the institution’s webpage.  The instructors had been 

asked to record small videos introducing who they were, telling the discipline and courses 

that they taught, and explaining what made their online courses unique.  Samantha’s job 

responsibilities and her comments about how CCS was being used to help recruit future 
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students helped to explain why she was located as the only instructor in the 

Administrative Department Chair meta-theme. 

Meta-Theme 2: Upper-level online mathematics courses. The second meta-

theme on the correspondence plot, Upper-level Online Mathematics Courses, included 

Sophie, Samantha, and Corie and contained the Online Teaching theme.  At the 

institution, these three instructors were responsible for teaching the upper-level online 

mathematics courses, namely the three courses in the calculus sequence.  When asked to 

recall how she taught her first online courses, Samantha stated, “The first semester, I 

started doing lecture notes and scanning them.  That was before I had a multi-page 

scanner.  I would post 10 files for 10 pieces of paper—that corresponded to just one 

section in the textbook.”  Corie confirmed the scanning of notes when she first started to 

teach online courses: 

When I started [teaching online], I had nothing.  I had no choice but to just give 

them a whole bunch of websites, and tell them to go make it happen.  Then, I 

realized this isn’t working.  The students were withdrawing.  They weren’t 

sticking to the class.  The pass rate wasn’t good.  I had actually started uploading 

notes before we had the video.  I would upload my lecture notes.  If you look at a 

set of math lecture notes, it’s not all that exciting.  I do a lot of stuff in color, so 

they would see things in different color, and not necessarily know why it was in a 

different color or what the meaning behind the different color was. 

Later in the interview, Corie explained how CCS helped to transform her online courses 

from containing only written notes to containing videos: 
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We would just put our paper under the doc [document] camera and record.  We 

were tethered to the podium—the station that you were sitting at, so you couldn’t 

move around or do anything.  You couldn’t move around, so that took a little bit 

of time to get over.  We had no technology, other than a record button on a 

computer hooked up to a doc camera and a microphone.  If you go back and look 

at those videos, they seem archaic compared to what we have now.  When we got 

the tablet, the software went through the computer that we were writing on, and 

that made everything better. 

Unlike Corie, Sophie had never taught online without the use of CCS.  Sophie admitted, 

“I’ve always used it when teaching online.”  However, Sophie recounted a semester when 

she was made to remove the videos from her online course due to the recordings not 

being closed captioned: 

It was terrible.  It was just terrible.  It was like I had my hands tied.  I felt like I 

had done my students the most horrible injustice.  Students were really struggling, 

and I just felt like it was a just a lousy class.  And whenever they couldn’t watch 

my recordings, they could send me questions, and I could answer them.  They 

could still see my handwritten notes.  But, it just felt like it was so empty.  The 

class just felt like it was so plain.  And just truly empty, like it was a shell of a 

class—it was like it was missing the heart of the information. 

All three instructors shared the passion they had for CCS.  They saw the value that the 

videos provided to their online course.  Moreover, they saw how CCS had helped to 

transform online teaching to what it is currently. 
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Meta-Theme 3: Technology-background. The third instructor meta-theme, 

Technology Background, included only Felicity.  As the oldest participant, she not only 

had the most teaching experience of all the instructors, but she was also the only 

instructor who had an undergraduate degree in Information Technology.  She glistened 

with excitement as she spoke about advancements in technology that she had witnessed 

in the field of education. In addition to recording short video lectures in her office or at 

home, she used CCS to record chatroom sessions with her online students.  One of the 

biggest challenges related to CCS that she discussed was overcoming the expense of the 

CCS and other related software that she used while recording videos.  She was proud of 

having located free software: 

The one I use now is called [product name].  I got in when it was still free, so I 

pay a nominal price.  That was several years ago.  Since then, they have become 

so popular, now they charge.  I got grandfathered in for like $15 a month—which 

is worth it for me.  Now, I think they charge somewhere like $25 to $30 a month.  

What I pay for it, there is a ceiling of how many can be in a room.  And my 

ceiling is 10. 

Also, she was the only instructor who discussed the limitation of the software that she 

used as it related to different devices, “It does not run on tablets or phones, and it’s not 

supported by Mac.  I did look into other companies that support those platforms, but they 

are quite a bit more.”  Lastly, she discussed creative ways that she overcame the 

challenges associated with using technology: 

Sometimes, we just run across software issues.  One time, my microphone just 

refused to work.  And I don’t know what it was.  And we ended up just chatting 
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and writing on the white board for the whole session.  So, that could be an issue. 

And, I had an older version of Camtasia.  And it didn’t mesh especially well at 

first with the software.  I had to go and do a bunch of searches on Google.  And 

eventually, I discovered there were settings that I had to play with to make it hang 

better. 

Because of her expertise in technology and her passion for using different types of 

technology in her online courses, Felicity had experienced challenges that other 

instructors had not experienced, or at least did not discuss during their interviews.  Her 

use of CCS in conjunction with other software helped to explain why she was the only 

instructor in the Technology Background meta-theme. 

Meta-Theme 4: Benefits. The fourth and final meta-theme, Benefits, involved 

Megan and Marcie.  These instructors placed high value on both the Benefits for Students 

theme and the Benefits for Instructors theme.  Megan taught both developmental-studies 

and credit-level mathematics courses; however, Marcie taught only developmental-

studies mathematics courses.  Both Megan and Marcie stressed the concept of 

flexibility—for both the student and the instructor.  Megan informed me that she had “a 

lot of students that travel a lot for work.”  Marcie confirmed the busy schedules of her 

students, “They have a lot on their plate.  They are busy, and an online course is the way 

to go.”  Additionally, Megan enjoyed the flexibility that CCS provided to her: 

I have made recordings from home, and in my office, and in the classroom when 

I’m teaching face-to-face.  At home, I can get up early in the mornings, before 

anyone else, and make a video or two.  It’s worth it—for the students. 
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Megan’s and Marcie’s comments about CCS being beneficial for both the students and 

the instructors helped to explain their location in the Benefits meta-theme. 

Nonverbal Behaviors Results 

As part of the data analysis, I analyzed the interviews with respect to the 

nonverbal behaviors exhibited by the participants.  In Chapter 3, I discussed Gorden’s 

(1980) nonverbal modes of communication (i.e., proxemics, kinesic, chronemic, 

paralinguistic, oculesics, olfaction, gustation, haptics, and linguistics).  During the data 

collection in the qualitative phase, not all interviews were conducted in the same manner.  

As stated previously, seven student participants interviewed using Skype, but three 

student participants were interviewed via the telephone.  With respect to the instructor 

participants, three of them interviewed in person, two of them interviewed using Skype, 

and one interviewed at another institution.  Consequently, for the three student 

participants who interviewed via the telephone, I was unable to document the nonverbal 

data that required visual observations.  Although I could have assessed chronemics (i.e., 

use of pacing of speech and length of silence in conversation) and paralinguistics (i.e., all 

variations in volume, pitch, and quality of voice) of these three students who interviewed 

via the telephone, I chose not to include them in my nonverbal analyses.  I conducted 

nonverbal analyses on the remaining seven student participants and the six instructor 

participants. 

After each interview, I reviewed the recording of the interview and completed the 

matrices (see Table 31 and Table 32) developed by Onwuegbuzie, Dickinson, Leech, and 

Zoran (2010).  These matrices assessed nonverbal communication using Krauss, Chen, 

and Chawla’s (1996) typology of nonverbal behaviors, Ekman’s (1999) Neurocultural 
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Model of Facial Expression for observing the participants innate facial expressions, and 

McNeill’s (1992) classification scheme of gestures.  A description of the nonverbal 

modes of communication that were observed is provided in Table 58.  I did not include 

the mode of communication iconics in the table because no one moved any objects (e.g., 

water bottle) during the interviews.  The examination of the participants’ nonverbal cues 

helped to provide a more in-depth understanding of their experiences using classroom 

capture software. 

Table 58 

Description of Nonverbal Modes of Communication 

Mode Description 

Metamorics Gestures that are visual in nature that portray abstract ideas or thoughts. 
(Looked for use of hands to express their thoughts/ideas.) 

Beats Gestures that represent abstract ideas that distinguish words or phrases from 
other words/phrases. 
(Looked for use of hands to express specific words/phrases.) 

Deictics Gestures that involve an abstract level of pointing. 
(Looked for pointing of finger.) 

Emblems Gestures that refer to the traditional notion of gestures that have specific 
linguistic labels. 
(Looked for head nodding, head shaking, shoulder shrugging.) 

Kinesics Body movements or postures. 
(Looked for shift of body position in chair.) 

Oculesics The use of eyes during an interview. 
(Looked for eye movements – open wide, squint, looked up/down/around.) 

Paralinguistic 
(Pace) 

Variation in voice. 
(Listened for increase/decrease in speed of speech.) 

Paralinguistic 
(Pitch) 

Variation in voice. 
(Listened for variation in pitch.) 

Symbolic 
Gestures 
(Laughter) 

Gestures with symbolic meaning. 
(Listened for laughter, giggles.) 
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Student Participants 

Ekman’s (1999) 15 fundamental emotions are amusement, anger, contempt, 

contentment, disgust, embarrassment, excitement, fear, guilt, pride in achievement, relief, 

sadness/distress, satisfaction, sensory pleasure, and shame.  The student participants 

displayed between six (Denise, Jos, and Robin) and eight (Mika and Robert) of these 

fundamental emotions (see Table 59).  The two most dominant emotions exhibited by the 

students were amusement and pride in achievement, with prevalence rates of 28.57% and 

20.97%, respectively.  Most students had reached their educational goals, and their body 

language spoke of this pride in achievement.  There were six emotions expressed by all 

the participants: amusement, embarrassment, excitement, pride in achievement, relief, 

and satisfaction.  Only one student participant displayed each contentment (Mika) and 

guilt (Robert). 

Table 59 

Nonverbal Communication: Emotions x Student 

Emotion Denise Jos Justine Mika Robert Robin Tabby Total 

Amusement 4 19 18 15 17 28 23 124 

Contentment 0 0 0 2 0 0 0 2 

Embarrassment 2 12 4 1 13 9 13 54 

Excitement 2 7 2 6 4 11 17 49 

Fear 0 0 5 4 0 0 5 14 

Guilt 0 0 0 0 3 0 0 3 

Pride in 
Achievement 

4 18 29 8 2 20 10 91 

Relief 3 3 6 6 3 7 3 31 

Satisfaction 2 5 17 11 5 9 17 66 

Total 17 64 81 53 47 84 88 434 

Prevalence Rate of 
Student 

3.92 14.75 18.66 12.21 10.83 19.35 20.28  
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The two most expressive students with respect to nonverbal communication were 

Tabby and Robin.  This was consistent with my overall observation of Tabby.  She began 

the interview sitting with her legs together and her hands in her lap.  While answering a 

question, she became expressive with her hands.  Upon completion of her answer, she 

would return to her starting position (i.e., hands tucked away neatly on her lap).  These 

observations are consistent with her two dominant modes of communication (i.e., 

metamorics and kinesics). 

Jos and Justine exhibited the most prevalence with respect to oculesics (see Table 

60).  During her interview, Justine was very slow and calculated with her answers.  She 

appeared to have been schooled to think before she spoke.  Consequently, she often 

looked away while collecting her thoughts and formulating her answers.  Jos, on the other 

hand, was quick to answer the questions.  Her overall disposition was energetic and 

happy.  Her eyes spoke of the excitement of her soon-to-be graduation.  After providing 

an answer to a question, Jos often would smile and look down at her lap.  More details 

about other students are provided in Table 61. 
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Table 60 

Nonverbal Communication: Mode of Communication x Student 

Mode Denise Jos Justine Mika Robert Robin Tabby Total 

Metamorics 4 0 3 2 2 17 23 51 

Beats 0 0 10 8 1 3 0 22 

Deictics 0 1 0 0 0 0 0 1 

Emblems 0 14 16 8 12 7 7 64 

Kinesics 1 14 10 7 10 11 22 75 

Oculesics 1 17 16 5 12 9 5 65 

Paralinguistics 
(Pace) 

5 3 10 11 2 11 8 50 

Paralinguistics 
(Pitch) 

0 5 6 5 1 7 6 30 

Symbolic Gestures 
(Laughter) 

6 10 10 7 7 19 17 76 

Total 17 64 81 53 47 84 88 434 

Prevalence Rate of 
Student 

3.92 14.75 18.66 12.21 10.83 19.35 20.28  
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Table 61 

Student Observations 

Student Brief Description of Nonverbal Communication 

Most 
Prevalent 
Emotion 

Prevalence 
Rate (%) 

Denise She sat with her hands in front of her, she showed 
little to no movement. (Similar to Megan.) 

Amusement & 
Pride in 

Achievement 

23.53% 

Jos Her answers appeared calculated.  The pace of her 
speech was often slow – indicative of someone who 
thinks before they speak; well spoken. 

Amusement 29.69% 

Justine Her face radiated happiness.  Her smile was big 
when she showed pride in her achievement. 

Pride in 
Achievement 

35.80% 

Mika She talked with her hands (i.e., she used hand 
movements to demonstrate her answers).  The pace 
of her speech would increase when she showed 
satisfaction of her experience. 

Amusement 28.30% 

Robert He appeared uncomfortable; he had a difficult time 
talking about himself.  His movement was minimal, 
he only turned head to look away.  He had little to 
no hand movements.  His voice was steady and 
consistent.  He appeared arrogant – not a team 
player.  He gave the impression that being in a 
classroom was a waste of his time. 

Amusement 36.17% 

Robin She was very expressive with her entire body when 
she spoke.  When she laughed, the pace of her voice 
increased. 

Amusement 33.33% 

Tabby She used hand gestures when answering questions; 
hand gestures decreased when she expressed 
embarrassment of her answer.  She shrugged her 
shoulders frequently.  She was very animated with 
her responses, then returned to a position with her 
hands in her lap. 

Amusement 26.14% 
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Table 62 lists the frequencies of the modes of communication according to the 

different emotions exhibited by the students.  The data contained in Table 62 can be used 

to determine which emotion was exhibited most frequently with a certain mode of 

communication.  For example, metamorics (i.e., the use of hands to express 

thoughts/ideas) was used to express amusement more than was any other emotion.  

Oculesics (i.e., eye movement) was most exhibited when expressing amusement and 

pride in achievement.  There were more changes to the pace of speech observed when 

students were exhibiting pride in achievement than any other emotion. 

Table 62 

Student Nonverbal Communication: Mode of Communication x Emotions 

Mode A C Em Ex F G P R S Total 
Prev Rate of 

Mode 

Metamorics 10 1 4 8 1 0 9 6 12 51 11.75 

Beats 3 0 1 3 1 0 5 3 6 22 5.07 

Deictics 1 0 0 0 0 0 0 0 0 1 0.23 

Emblems 19 0 9 3 2 1 13 4 13 64 14.75 

Kinesics 25 0 10 7 3 1 15 5 9 75 17.28 

Oculesics 19 0 10 6 2 1 18 3 6 65 14.98 

Paraling. 
(Pace) 

5 1 4 9 3 0 12 6 10 50 11.52 

Paraling. 
(Pitch) 

8 0 3 5 1 0 8 0 5 30 6.91 

Symbolic 
Gestures 
(Laughter) 

34 0 13 8 1 0 11 4 5 76 17.51 

Total 124 2 54 49 14 3 91 31 66 434  

Prev Rate of 
Emotion 28.57 0.46 12.4 11.3 3.23 0.69 20.97 7.14 15.21   

Note. A = Amusement.  C = Contentment.  Em = Embarrassment.  Ex = Excitement. 
F = Fear.  G = Guilt.  P = Pride in Achievement.  R = Relief.  S = Satisfaction. 
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Instructor Participants 

The instructor participants displayed between six (Felicity) and eight (Sophie) of 

these fundamental emotions (see Table 63).  The most dominant emotion exhibited by the 

instructors was pride in achievement.  I expected this emotion to be prevalent—the 

instructors took pride in the videos that they had created—they were getting to share their 

information for others to learn.  The only instructor who did not exhibit pride in 

achievement as the most dominant emotion was Marcie (see Table 64).  Her most 

dominant emotion exhibited was amusement.  At the time of the study, Marcie was 

uploading videos created by another instructor from within the department.  She had not 

created her own videos.  Thus, she did not exhibit the amount of pride in achievement as 

did the other instructors.  The mode of communication deictics (i.e., gestures that involve 

an abstracts level of pointing) was observed only once—Marcie shook her finger at me 

and stated, “You know, you’re right.” 

Table 63 

Nonverbal Communication: Emotions x Instructor 

Emotion Corie Felicity Marcie Megan Samantha Sophie Total 

Amusement 16 21 24 30 42 36 169 

Embarrassment 10 4 6 10 21 12 63 

Excitement 44 37 19 5 45 46 196 

Guilt 0 0 0 0 0 5 5 

Pride in Achievement 49 44 20 33 55 50 251 

Relief 14 6 2 3 10 7 42 

Sadness/Distress 20 0 6 3 4 6 39 

Satisfaction 32 19 10 22 25 29 137 

Total 185 131 87 106 202 191 902 

Prevalence Rate of Student 20.51 14.52 9.65 11.75 22.39 21.18  
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Table 64 

Instructor Observations 

Instructor Brief Description of Nonverbal Communication 
Most Prevalent 

Emotion 
Prevalence Rate 

(%) 

Corie She was a head bobber and hand waiver.  She 
appeared passionate about the topic.  She had a 
level-headed demeanor.  Her answers were not 
rushed; there was little change in her voice.  She 
appeared proud of CCS and the improvement of 
technology. 

Pride in 
Achievement 

26.49 

Felicity She was very excited about technology – her 
voice reflected the excitement.  She shook her 
head when wanting to make a point about 
something.  She was expressive with her hands 
– her hands moved as she spoke. 

Pride in 
Achievement 

33.59 

Marcie She was expressive with her eyes; she seldom 
altered her voice.  Her eyes would rise and fall, 
depending upon she answered the question.  She 
had minimal body movement.  She appeared a 
desire to be seen as esteemed. 

Amusement 27.59 

Megan She sat with her hands in her lap.  There was 
little to no movement.  Her answers were direct. 

Pride in 
Achievement 

31.13 

Samantha She used her eyes to express her ideas.  She 
shook and nodded her head 
frequently/excessively. 

Pride in 
Achievement 

27.23 

Sophie Her pitch was very active, especially when she 
was displaying pride.  Her excitement was heard 
in the inflection of her speech. 

Pride in 
Achievement 

26.18 

 

The only two emotions not exhibited by all six instructors were guilt and 

sadness/distress.  The only instructor to exhibit guilt was Sophie.  This emotion was 

observed when she spoke about being made to remove the videos from her online 

mathematics course due to ADA accommodation laws.  In contrast to the emotion guilt 
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being exhibited by only one instructor, the emotion sadness/distress was exhibited by all 

but one instructor.  Throughout Felicity’s interview, she remained excited upbeat—she 

was sharing information about her passion: technology. 

The most prevalent modes of communication among the instructors were 

emblems and metamorics (see Table 65).  Throughout the interviews, the instructors 

waved their hands in the air, expressing thoughts and ideas.  Additionally, their heads 

nodded and bobbed, regardless of who was speaking.  For example, as I asked questions, 

they were so anxious to provide answers that they would shift in their seats and shake 

their heads in anticipation of the end of the question.  Lastly, the frequencies of the 

modes of communication according to the different emotions exhibited by the instructors 

are listed in Table 66.  This table indicates that the change in the pitch was used to 

express pride in achievement and excitement more than any other emotion. 
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Table 65 

Nonverbal Communication: Characteristics x Instructor 

Mode Corie Felicity Marcie Megan Samantha Sophie Total 

Metamorics 39 21 2 17 27 43 149 

Beats 4 2 3 6 9 5 29 

Deictics 0 0 1 0 0 0 1 

Emblems 38 28 9 20 38 26 159 

Kinesics 23 23 10 20 26 25 127 

Oculesics 23 13 29 14 47 8 134 

Paralinguistics 
(Pace) 

23 18 13 8 15 31 108 

Paralinguistics 
(Pitch) 

22 15 11 6 17 35 106 

Symbolic 
Gestures 
(Laughter) 

13 11 9 15 23 18 89 

Total 185 131 87 106 202 191  

Prevalence Rate 
of Instructor 

20.51 14.52 9.65 11.75 22.39 21.18  
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Table 66 

Instructor Nonverbal Communication: Mode of Communication x Emotions 

Mode A Em Ex G P R S/D S Total 
Prev Rate of 

Mode 

Metamorics 24 6 38 1 43 5 5 27 149 16.52 

Beats 2 0 7 0 11 2 2 5 29 3.22 

Deictics 1 0 0 0 0 0 0 0 1 0.11 

Emblems 26 15 30 1 41 8 7 31 159 17.63 

Kinesics 25 11 26 0 36 5 4 20 127 14.08 

Oculesics 26 12 28 1 31 9 8 19 134 14.85 

Paraling. (Pace) 11 5 25 1 36 7 5 18 108 11.97 

Paraling. (Pitch) 15 4 26 1 35 5 6 14 106 11.75 

Symbolic 
Gestures 
(Laughter) 

39 10 16 0 18 1 2 3 89 9.87 

Total 169 63 196 5 251 42 39 137 902  

Prevalence Rate 
of Emotion 

18.74 6.98 21.73 0.55 27.83 4.66 4.32 15.19   

Note. A = Amusement.  Em = Embarrassment.  Ex = Excitement.  G = Guilt.  P = Pride 
in Achievement.  R = Relief.  S/D = Sadness/Distress.  S = Satisfaction. 
 
 

Summary 

Summary of Quantitative Results 

Overall numeric course grades of students who completed online mathematics 

courses during Fall 2012, Spring 2013, and Summer 2013 were collected and entered into 

SPSS (see APPENDIX D).  An inferential analysis was conducted to compare overall 

numeric course grades across the two groups (i.e., online mathematics courses wherein 

CCS was used and online mathematics courses wherein CCS was not used).  I conducted 

several independent samples t tests.  First, I examined the difference between all online 
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mathematics classes wherein CCS was not used and all online mathematics classes 

wherein CCS was not used in terms of the overall numeric course grade.  The 

nonparametric independent samples t test revealed a statistically significant difference at 

the .05 level between online mathematics students who used CCS and online 

mathematics students who did not use CCS, U = 567,662.50, p < .0001.  A small effect 

size of 0.22 emerged (Cohen, 1988).  Thus, the online mathematics students who used 

CCS, to a small degree, outscored the online mathematics students who did not use CCS 

by a mean difference of 6.38. 

Next, I examined the difference in the overall numeric course grades of two 

subgroups of the independent variable: (a) all credit-level courses wherein CCS was used 

and all credit-level courses wherein CCS was not used and (b) all developmental-studies 

courses wherein CCS was used and all developmental-studies courses wherein CCS was 

not used.  With respect to the first subgroup, the nonparametric independent samples t 

test revealed no statically significant evidence at the .05 level between online credit-level 

mathematics students who did use CCS and online credit-level mathematics students who 

did not use CCS, U = 63,352.00, p = .30.  With respect to the second subgroup, the 

nonparametric independent samples t test revealed a statistically significant difference at 

the .05 level between online developmental-studies mathematics students who used CCS 

and online developmental-studies mathematics students who did not use CCS, U = 

56,272.50, p < .0001.  A small-to-moderate effect size of 0.36 emerged (Cohen, 1988).  

Consequently, the online developmental-studies mathematics students who used CCS, to 

a small-to-moderate degree, outscored the online developmental-studies mathematics 

students who did not use CCS by a mean difference of 11.72. 
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Lastly, I wanted to consider only students who successfully completed their 

online mathematics courses (i.e., received a letter grade of A, B, C, or D).  All grades less 

than 59.5% were eliminated from the data set because students who received a grade less 

than 59.5% were not considered to have successfully completed the course.  Using this 

new data set, I conducted independent samples t tests using the same three classifications 

of the independent variable: (a) all courses wherein CCS was used and all courses 

wherein CCS was not used, (b) all credit-level courses wherein CCS was used and all 

credit-level courses wherein CCS was not used, and (c) all developmental-studies courses 

wherein CCS was used and all developmental-studies courses wherein CCS was not used.  

With respect to using all courses, the nonparametric independent samples t test revealed a 

statistically significant difference at the .05 level between online mathematics students 

who successfully completed the course and did use CCS and online mathematics students 

who successfully completed the course and did not use CCS, U = 126,886.00, p = .03.  A 

small effect size of 0.13 emerged (Cohen, 1988).  Therefore, the online mathematics 

students who successfully completed the course and did use CCS, to a small degree, 

outscored the online mathematics students who successfully completed the course and 

did not have CCS by a mean difference of 1.38.  With respect to the first subgroup, the 

nonparametric independent samples t test revealed no statically significant difference at 

the .05 level between online developmental-studies mathematics students who 

successfully completed the course and used CCS and online developmental-studies 

mathematics students who successfully completed the course and did not use CCS, U = 

21,026.00, p = .29.  With respect to the second subgroup, the nonparametric independent 

samples t test revealed a statistically significant difference at the .05 level between online 
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credit-level mathematics students who successfully completed the course and used CCS 

and online credit-level mathematics students who successfully completed the course and 

did not use CCS, U = 43,687.00, p = .03.  A small effect size of 0.16 emerged (Cohen, 

1988).  Thus, the online credit-level mathematics students who successfully completed 

the course and used CCS, to a small degree, outscored the online credit-level 

mathematics students who successfully completed the courses and did not have CCS by a 

mean difference of 1.69. 

Additionally, I was concerned about the reliability and validity of grades assigned 

by the online mathematics instructors.  The mean scores on the CGE of online 

mathematics instructors who did use CCS (n = 6) and online mathematics instructors who 

did not use CCS (n = 8) were compared.  The independent samples t test revealed no 

statistically significant difference between online mathematics instructors who did use 

CCS and online mathematics instructors who did not use CCS, t(12) = -1.42, p = .182.  I 

collected and examined the syllabi of all 79 online mathematics courses taught during the 

2012-2013 academic year.  No instructor’s grading policy differed statistically 

significantly from the grading policy of the other instructors. Thus, students who 

completed an online mathematics class without CCS could not be accounted for by a 

difference in the way that the online mathematics instructors graded. And, as a result, I 

did not calibrate the overall numeric course grades for each instructor by using the CGE 

grades as a covariate. 

Summary of Qualitative Results 

Data from student interviews and instructor interviews were collected, entered 

into the QDA Miner qualitative software, and coded.  Themes were extracted separately 
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from both the student participants and the instructor participants.  The six emerging 

student themes were (a) inclusiveness, (b) flexibility, (c) future outlook, (d) guidance, (e) 

elimination of isolation, and (f) challenges.  Contrastingly, the five emerging instructor 

themes were (a) benefits for students, (b) challenges, (c) benefits for instructors, (d) 

online teaching, and (e) future students. 

Summary of Mixed Research Results 

An inter-respondent matrix (participant x themes) was formed for both student 

participants and instructor participants.  By calculating the frequency of each theme from 

the inter-respondent matrices, percentages were computed to determine the prevalence 

rate of each student theme and instructor theme, respectively.  Next, I conducted 

correspondence analyses on QDA Miner using the extracted themes from both the student 

data and the instructor data, respectively. 

Summary of Nonverbal Results 

After each interview, I analyzed the participants’ nonverbal communications.  

Specifically, I observed the different modes of nonverbal communication as the 15 

fundamental emotions described by Ekman (1999) were exhibited by the participants.   

The two most dominant emotions exhibited by the students were amusement and pride in 

achievement, and the most dominant emotion exhibited by the instructors was pride in 

achievement.  Tabby’s expressive personality was consistent with her two dominant 

modes of communication—metamorics and kinesics.  Among all the instructors, the most 

prevalent modes of communication were emblems and metamorics.  These modes of 

communication were consistent with the observations of their hands waving in the air and 

their heads nodding as they spoke.  A summary of analyses performed in the quantitative 
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research phase, qualitative research phase, mixed research phase, and nonverbal 

communication research is provided in Figure 18. 

 

 

Figure 18. Summary of analyses.  
 

Step 1

• Examine the difference in grading between two groups of instructors 
(i.e., instructors who used CCS, instructors who did not use CCS). 

• Analysis: Independent Samples t Test

Step 2

• Examine the difference in overall course numeric grades between two 
groups of students (i.e., students who had CCS, students who did not have 
CCS).

• (Research Question 1)
• Analysis: Independent Samples t Test

Step 3

• Generate themes from interview data.
• (Research Question 2 and 3)
• Analysis: Constant Comparison Analysis

Step 4

• Determine prevalence of themes generated from constant comparison 
analysis.

• (Research Question 5 and 8)
• Analysis: Classical Content Analysis

Step 5

• Determine the heirarchal structure (i.e., prevalence) of the emergent themes.
• (Research Question 5 and 8)
• Analysis: Dichotomization of data to obtain inter-respondent matrix

Step 6

• Determine a cross-case analysis of emergent themes.
• (Research Question 6 and 9)
• Analysis: Correspondence Analysis

Step 7
• Analyze nonverbal behavior for each group of participants.
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CHAPTER V 

Summary, Implications, and Recommendations 

Within this chapter, I present the last four steps of Collins et al.’s (2006) 13-step 

mixed methods research process: (a) Step 10: Validating/legitimating the mixed research 

findings, (b) Step 11: Interpreting the mixed research findings, (c) Step 12: Writing the 

mixed research report, and (d) Step 13: Reformulating the mixed research questions.  

Chapter V contains the following sections: (a) Summary, (b) Legitimation of Data, (c) 

Discussion of Findings in Relation to Research Questions, (d) Discussion of the Findings 

in Context of the Literature, (e) Discussion of the Findings in the Context of the 

Theoretical Framework, (f) Implications of the Findings, (g) Recommendations for 

Future Research, and (h) Conclusion. 

Summary 

Educational statistics indicate that enrollment numbers in online courses at 

institutions of higher education continue to increase (National Center for Education 

Statistics, 2015).  Because different measures of student success are used as key 

performance indicators to help allocate funds, both administrators and instructors remain 

committed to finding ways to help students succeed in the online environment.  

Differences between online mathematics courses and traditional face-to-face mathematics 

courses present challenges to both instructors and students because there is limited 

interaction both among students and between instructors and students (Bower, 2001).  As 

advances in technology continue to be made, new strategies to implement technology into 

the online environment are explored.  As an instructor, I witnessed the use of classroom 

capture software in online mathematics courses.  In my experience, the software provided 
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new avenues for content delivery and student learning.  However, it was unclear as to 

whether the software had an effect on student success in the online mathematics 

environment.  Additionally, it was unknown as to whether the benefits of the software 

outweighed the associated expenses.  Therefore, the purpose of my study was two-fold: 

(a) to compare the findings of student success rates in online mathematics courses with 

the perceived effects of classroom capture software and (b) to expand the knowledge base 

of the effects of using classroom capture software in the online mathematics 

environment. 

Legitimation of Data 

As discussed in Chapter I, I identified several possible threats to internal validity 

and external validity (i.e., quantitative threats), internal credibility and external credibility 

(i.e., qualitative threats), and mixed methods legitimation (i.e., mixed methods threats) in 

this study.  Furthermore, I acknowledged in detail the threats that occurred in the research 

design/data collection phase.  Next, I address Step 10 (i.e., validating/legitimating the 

mixed research findings) by presenting discussions of threats in the data analysis phase 

and in the data interpretation phase. 

Step 10: Validating/Legitimating the Mixed Research Findings 

Quantitative phase. As identified in Chapter I, threats occur at three major stages 

of the research process: (a) research design/data collection, (b) data analysis, and (c) data 

interpretation.  First, I will address identified threats to internal validity in the research 

design/data collection stage.  Next, I will address identified threats in the data 

interpretation stage.   
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Threats to internal validity in the research design/data collection stage. Cook 

and Campbell (1979) referred to internal validity as the researcher’s ability to make an 

inference that a causal relationship existed between the variables.  I identified 12 possible 

threats to internal validity in the research design/data collection stage of the quantitative 

phase: (a) history, (b) maturation, (c) instrumentation, (d) differential selection of 

participants, (e) mortality, (f) selection interaction effects, (g) implementation bias, (h) 

behavior bias, (i) observational bias, (j) researcher bias, (k) treatment diffusion, and (l) 

time by treatment interaction (Onwuegbuzie, 2003b).  Table 67 provides a brief 

description of each identified internal limitation in the quantitative phase and the manner 

in which I addressed the threat.  The only threat that I believed warranted further 

discussion was behavioral bias.  Onwuegbuzie (2003b) stated that this threat “occurs 

when one or more individual had a strong personal bias in favor of or against the 

intervention prior to the beginning of the study” (p. 77).  I asked each student participant 

why he or she registered for the online mathematics course that qualified him or her to 

participate in the study.  One participant, Michelle, smiled and admitted, “I went on 

RateMyProfessor to find a professor that uses some type of technology to provide me 

with an actual lecture, and a visual, and the auditory, that I could see and hear at the same 

time.”  Thus, I wanted to document that Michelle was the only student participant who 

actively sought the software because she had a strong personal bias in favor of it being 

used in the online mathematics course.   
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Table 67 

Threats to Internal Validity at the Research Design/Data Collection Stage of the Quantitative Phase 

Threat Description Method of Increasing Validity 

History The occurrence of events or conditions that are unrelated to the 
treatment but that occur at some point during the study to produce 
changes in the outcome measure. 

I was unable to control for the possibility of instructors 
attending professional development or other training about 
CCS. 

Maturation Processes that reside within a study participant due, at least in 
part, to the passage of time, which lead to physical, mental, 
emotional, and intellectual changes (e.g., aging, boredom, fatigue, 
motivation, and learning) that can be incorrectly attributed to the 
independent variable. 

I was unable to control for the possibility that students 
would be exposed to additional usage of CCS between the 
time of study and the time of data collection; however, 
during data collection, I asked students to explain their 
experiences with CCS in other courses, if any.  
Additionally, instructors shared experiences about their 
continued use of CCS after the time of study. 

Instrumentation Occurs when scores yielded from a measure lack the appropriate 
level of consistency (i.e., low reliability) and/or validity (i.e., 
inadequate content-, criterion-, and/or construct-related validity). 

To minimize this threat, I asked instructors to grade a 
common examination.  I was able to determine there was 
no statistically significant difference between the two 
instructors groups (i.e., used CCS vs. did not use CCS) in 
how they assigned grades. 

Differential 
selection of 
participants  
(i.e., selection 
bias) 

Substantive differences between two or more of the comparison 
groups prior to the implementation of the intervention. 

To minimize this threat, I analyzed two subgroups of 
students (i.e., credit-level students, developmental-studies 
students). 

(continued) 
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Threat Description Method of Increasing Validity 

Mortality  
(i.e., attrition) 

Refers to the situation in which participants who have been 
selected to participate in a research study either fail to take part at 
all or do not participate in every phase of the investigation (i.e., 
drop out of the study)—resulting in the findings being biased. 

To minimize this threat, I reported dropout rates and 
conducted analyses on the subgroup of students who 
successfully completed the courses (i.e., I omitted the 
students who were considered to have dropped and to have 
failed the courses). 

Selection 
interaction effects 

One or more threats to internal validity interacting with the 
differential selection of participants to produce an effect that 
resembles the intervention effect. For example, a selection by 
mortality threat can occur if one group has a higher rate of 
attrition than do the other groups, such that discrepancies between 
groups create factors unrelated to the intervention that are greater 
as a result of differential attrition than was the case prior to the 
start of the investigation.  Other threats include selection by 
history and selection by maturation. 

I was unable to control for the possibility of students 
gaining more experience as an online student.  
Additionally, I was unable to control for the possibility of 
instructors gaining more experience as online instructors.  
Both students and instructors experienced growth in the 
online environment each additional semester that they 
were involved in the online environment. 

Implementation 
bias 

Stems from differences in the application of the treatment to the 
intervention groups as a result of differential motivation, time, 
training, or resources; inadequate knowledge or ability; poor self-
efficacy; implementation anxiety; stubbornness; or poor attitudes 
among those administering the treatment. 

To minimize this threat, I asked instructors to discuss their 
experiences with CCS as well as their experiences 
teaching online courses.  During the interviews, I asked 
questions pertaining to how instructors used CCS.  Five 
instructors reported using recordings that they created; one 
instructor reported using recordings made by someone 
other than her.  Additionally, instructors reported using 
CCS for different purposes. 

(continued) 
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Threat Description Method of Increasing Validity 

Behavior bias Occurs when an individual has a strong personal bias in favor of 
or against the intervention prior to the beginning of the study.  It is 
most often a threat when participants are exposed to all levels of a 
treatment. 

I was unable to control for the possibility that students 
preferred online classes that used CCS.  During the 
interviews, I inquired about why students registered for the 
particular mathematics course involved in the study.  Two 
students reveled that they searched for an instructor who 
utilized CCS. 

Observational 
bias 

Occurs when the data collectors have obtained an insufficient 
sampling of the behavior(s) of interest. 

To minimize this threat, I used 100% of the overall 
numeric grades that instructors assigned to students who 
completed online mathematics courses during the 
academic year of interest. 

Researcher bias Occurs when the researcher has a personal bias in favor of one 
intervention or technique over another, which might be 
subconsciously transferred to the participants in such a way that 
their behavior is affected.  In addition to affecting the behavior of 
participants, the researcher bias could affect study procedures or 
contaminate data collection techniques. 

To minimize this threat, I collected data (i.e., grades) that 
had been reported prior to the semester of data collection. 

Treatment 
diffusion 

Occurs when members in different intervention groups 
communicate with each other, such that some of the treatment 
seeps out or diffuses into the control group—resulting in the study 
no longer having two or more distinctly different interventions, 
but overlapping interventions—thereby violating the assumption 
of independence. 

I was unable to control for the possibility of students 
communicating with each other about CCS.  I 
inquired about the structure of the online 
mathematics environment.  Students reported 
feelings of isolation—suggesting minimal contact 
with classmates.  Additionally, students described 
interaction among classmates within online 
mathematics courses compared to online courses in 
other disciplines. 

(continued) 
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Threat Description Method of Increasing Validity 

Time x treatment 
interaction 

Occurs when (a) individuals in one group are exposed to an 
intervention for a longer period of time than are individuals 
receiving another intervention in such a way that this 
differentially affects group members’ responses to intervention, 
(b) participants in different groups receive their respective 
interventions for the same period of time, but one of these 
interventions needs a longer period of time for any positive effects 
to be realized; or (c) the post-measure for one of the intervention 
groups is delayed long enough for the effect of the intervention to 
have changed. 

To minimize this threat, I collected data for all online 
mathematics courses offered during the academic year 
(e.g., fast-track 8-week courses during the fall/spring 
semesters).  Students who enrolled in accelerated courses 
(i.e., summer courses or fast-track courses) were exposed 
to CCS for shorter lengths of time than were students who 
enrolled in regular 16-week courses during the fall/spring 
semesters. 

Note. From “Expanding the Framework of Internal and External Validity in Qualitative Research,” by A. J. Onwuegbuzie, 2003b, 
Research in the Schools, 10, pp. 74-86. Copyright 2003 by the Mid-South Educational Research Association.  Adapted with 
permission. 
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Threats to external validity in the research design/data collection stage. 

Springer (2010) defined external validity as “the extent to which experimental findings 

can be generalized beyond the original study” (p. 189).  I identified four possible threats 

to external validity at the research design/data collection stage of the quantitative phase: 

(a) population validity, (b) ecological validity, (c) temporal validity, and (d) specificity of 

variables (Onwuegbuzie, 2003b).  Table 68 provides a brief description of each identified 

external limitation in the quantitative phase and the manner in which I addressed the 

threat.  As previously mentioned, population validity and ecological validity were not 

excluded due to the fact that all samples are subject to sampling error.   
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Table 68 

Threats to External Validity at the Research Design/Data Collection Stage of the Quantitative Phase 

Specific Threat Description Method of Increasing Validity 

Population 
validity 

Extent to which findings are generalizable from the 
sample of individuals on which a study was conducted to 
the population from which the sample was drawn. 

To minimize this threat, I reported demographics of all students at 
the institution involved in the study.  Also, I used a multistage 
purposeful random sampling scheme to identify students willing to 
participate.  This threat was addressed within the narrative as a 
limitation to the generalizability of the findings. 

Ecological 
validity 

Extent to which findings from the study can be 
generalized across settings, conditions, variables, and 
contexts—thereby representing the extent to which 
findings from a study are independent of the setting or 
location in which the investigation took place. 

To minimize this threat, I used a random selection of participants.  
Also, I reported the characteristics of the participants.  This threat 
was addressed in the narrative as a limitation to the generalizability 
of the findings. 

Temporal 
validity 

Extent to which research findings can be generalized 
across time—or the extent that results are invariant across 
time. 

To minimize this threat, I reported specifics of the time period used 
to collect the data.  This threat was addressed in the narrative as a 
limitation to the generalizability of the findings. 

Specificity of 
variables 

Occurs when one of the following seven variables are so 
unique to the study that the findings are not generalizable: 
type of participants, time, location, circumstance, 
operational definition of the independent variables, 
operational definition of the dependent variables, and 
types of instruments used. 

To minimize this threat, I operationally defined the variables in a 
way that had meaning outside of the study setting.  This threat was 
addressed in the narrative as a limitation to the generalizability of the
findings. 

Note. From “Expanding the Framework of Internal and External Validity in Qualitative Research,” by A. J. Onwuegbuzie, 2003b, 
Research in the Schools, 10, pp. 74-86. Copyright 2003 by the Mid-South Educational Research Association.  Adapted with 
permission. 
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Threats to internal validity and external validity in the data analysis stage. 

Onwuegbuzie (2003b) identified 21 possible threats to internal validity and five possible 

threats to external validity in the data analysis phase (see Figure 3 in Chapter I).  Because 

instructors assign grades to assess student knowledge, observational bias was identified in 

the data analysis stage.  In order to minimize this threat, I examined the inter-rater 

reliability of the grades assigned by the instructors by asking them to grade a common 

examination.   

Threats to internal validity and external validity in the data interpretation 

phase. As illustrated in Figure 3 from Chapter I, the following eight threats occurred in 

the data interpretation phase: (a) effect size, (b) confirmation bias, (c) statistical 

regression, (d) distorted graphic, (e) illusory correlation, (f) crud factor, (g) positive 

manifold, and (h) causal error (Onwuegbuzie, 2003b).  When verifying normality of the 

data for each independent samples t test, I examined the standardized skewness 

coefficients and standardized kurtosis coefficients in addition to looking at graphics (e.g., 

histograms).  The empirical evaluation of these two standardized coefficients helped to 

minimize the threat of distorted graphic during the data interpretation phase.  

Additionally, with respect to the three threats to external validity in the data interpretation 

phase (i.e., population validity, ecological validity, and temporal validity), I was careful 

not to over-generalize my conclusions (Onwuegbuzie, 2003b).   

Qualitative phase. Onwuegbuzie and Leech (2007b) identified 14 threats to 

internal credibility and 14 threats to external credibility in the research design/data 

collection phase, data analysis phase, and data interpretation phase (see Figure 4 in 

Chapter I).  In addition to the four threats to external credibility (i.e., interpretive validity, 
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research bias, reactivity, and order bias) and three threats to internal credibility that were 

identified in Chapter I (i.e., observational bias, researcher bias, and reactivity), 

descriptive validity also was identified as a threat to internal credibility.  Unlike the three 

phases of the research process in quantitative research, the three phases of the research 

process in qualitative research are iterative and not distinct (Onwuegbuzie & Leech, 

2007b).  Expanding from Table 7 in Chapter I, I created Table 69 to provide a description 

of each threat, how it manifested itself in the study, and the manner in which I addressed 

each threat.   

 



 

 

289 

Table 69 

Qualitative Threats to Internal and External Validity 

Threat Description Manifestations in Current Study Method of Increasing Credibility 

Observational 
bias (internal) 

Occurs when the researchers have obtained an 
insufficient sampling from the study 
participant(s)—stemming from a lack of 
persistent observation or prolonged 
engagement (Lincoln & Guba, 1985). 

Data analysis relied on 
participants recalling details 
about experiences from 4 years 
prior to the time of data 
collection. 

I asked multiple follow-up questions and 
revisited each main question.  The 
results of the responses are offered as a 
limitation to this study. 

Descriptive 
validity (internal) 

Occurs when the researcher fails to document 
an accurate account of the facts (Maxwell, 
1992). 

Data collection relied on an 
accurate account of the 
participants’ perceptions. 

To minimize this threat, I recorded all 
participant interviews.  Additionally, I 
transcribed each interview within 48 
hours. 

Researcher bias 
(internal/external) 

Occurs when the researcher has personal 
biases or a priori assumptions that he/she 
cannot bracket (i.e., suspend), which the 
researcher might subconsciously transfer to the 
participants in such a manner that their 
attitudes, behaviors, or experiences are 
affected; or the researcher could affect the 
study procedures (e.g., ask leading questions in 
an interview) or even contaminate data 
collection techniques. 
 
Threatens external credibility because the 

I have a keen interest in and 
prior experience with the use of 
CCS that might have been a 
threat to credibility as I engaged 
in the qualitative phase of the 
study. 

I engaged in a debriefing interview with 
my dissertation chair.  Additionally, I 
utilized member checking with the 
participants. 

(continued) 
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Threat Description Manifestations in Current Study Method of Increasing Credibility 

 particular type of bias of the researcher may be 
so unique as to make the interpretations of the 
data ungeneralizable. 

  

Reactivity 
(internal/external) 

Involves changes in a participant’s responses 
that arise from being aware that he/she is 
participating in a research study . 
 
Poses a threat to external credibility because it 
is not clear whether the observed findings 
would be the same if this threat had not 
prevailed, thereby threatening the 
generalizability of the results. 

All participants in the qualitative 
phase knew that they were 
participating in the study.  
Knowledge of this participation 
might have manifested itself into 
a Hawthorne effect. 

I conducted interviews with participants 
after I collected the quantitative data.  I 
engaged in triangulation (i.e., 
observations and interviews).  
Additionally, I participated in a 
debriefing interview. 

Interpretive 
validity (external) 

Refers to the extent to which a researcher’s 
interpretation of an account represents an 
understanding of the perspective of the group 
under study and the meanings attached to their 
words and actions. 

All data were collected in the 
form of interviews. 

To minimize this threat, I maintained an 
audit trail (e.g., recorded the interviews), 
transcribed interviews, engaged in 
member checking, and stored data in 
QDA Miner. 

Order bias 
(external) 

Occurs when the order of the questions that are 
posed in an interview or focus group or the 
order in which observations are made unduly 
affects the dependability and confirmability of 
the data. 

Interviews were semi-formal.  
Questions often would trigger a 
memory or detail that 
participants wanted to share. 

I used the same pre-determined 
questions during each interview; 
however, I asked follow-up questions 
and encouraged participants to provide 
data at any time during the interview, 
regardless if the data pertained to the 
question being answered at that time. 

Note. From “Validity and Qualitative Research: An Oxymoron?” by A. J. Onwuegbuzie and N. L. Leech, 2007b, Quantity & 
Quality: International Journal of Methodology, 41, pp. 235-246.  Copyright 2006 by Springer.  Adapted with permission. 
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Onwuegbuzie and Leech (2007b) suggested 23 methods to increase credibility: 

prolonged engagement, persistent observation, triangulation, leaving an audit trail, 

member checking/informant feedback, weighting the evidence, checking for 

representativeness, checking for researcher effects/clarifying researcher bias, making 

contrast/comparisons, theoretical sampling, checking the meaning of outliers, using 

extreme cases, ruling out spurious relations, referential adequacy, following up surprises, 

structural relationships, peer debriefing, rich and thick description, the Modus Operandi 

approach, assessing rival explanations, negative case analysis, confirmatory data analysis, 

and effect sizes.  The following procedures were followed to increase credibility in the 

study: (a) leaving an audit trail, (c) member checking/informant feedback, and (c) peer 

debriefing. 

Leaving an audit trail. Maxwell (1992) described descriptive validity as the 

accuracy of the data collection made by the researcher.  To minimize the threat of 

descriptive validity, I used a video recorder and/or an audio recorder to record all 

participant interviews.  Additionally, I transcribed each participant interview within 48 

hours.  This helped to ensure the most accurate account of each interview.   

Member checking/informant feedback. Member checking is an active process 

of determining whether the accounts and descriptions of the interviews and observations 

are complete and realistic (Lincoln & Guba, 1985).  To minimize further the threats of 

descriptive validity and researcher bias, I asked each participant to participate in member 

checking.  At the conclusion of each interview, I explained the importance of member 

checking.  Each participant received a copy of his or her interview transcription within 48 
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hours after the interview.  Three participants requested changes to their transcriptions in 

order to clarify the intended meaning of their comments.   

Peer debriefing. To minimize the threat of researcher bias, I participated in a 

peer debriefing interview after I conducted my first participant interview.  The goal of my 

dissertation chair’s debriefing was to encourage me to reflect upon the data collection 

process in order to make changes, if needed, before conducting additional interviews.  

Mixed research phase. Onwuegbuzie and Johnson (2006) identified nine types 

of legitimation in their typology of legitimation in mixed research.  Table 8 in Chapter I 

provided a list of possible threats to legitimation in the mixed research phase, along with 

a short description of each threat.  In the study, I identified four possible threats to 

legitimation: (a) inside-outside, (b) weakness minimization, (c) conversion, and (d) 

multiple validities (Onwuegbuzie & Johnson, 2006).  Table 70 presents a description of 

each threat to legitimation, how it manifested itself in the study, and the manner in which 

I addressed each threat.   
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Table 70 

Mixed Research Threats to Legitimation during Research Design/Data Collection Stage 

Specific threat Description Manifestations in the Current Study Method to Increase Legitimation 

Inside-outside The extent to which the researcher accurately 
presents and appropriately utilizes the 
insider’s view and observer’s view for 
purposes such as description and explanation. 

Because I had a keen interest in and 
prior knowledge of the use of CCS, 
the inside-outside threat to legitimation 
existed. 

I participated in a debriefing 
interview at which time my 
dissertation chair encouraged me to 
be aware of my emtic perspective. 

Weakness 
minimization 

The extent to which the weakness from one 
approach is compensated by the strengths of 
the other approach. 

The discovery of a difference in mean 
overall numeric course grades 
between two groups of students added 
limited information to the findings of 
the study. 

I used the findings in my qualitative 
phase to explain better the findings in 
my quantitative phase. 

Conversion The extent to which the quantitizing or 
qualitizing yields quality meta-inferences. 

The quantitizing of open-ended 
responses used in the mixed research 
analyses posed a threat. 

I was unable to control for this threat.  
This threat was addressed in the 
narrative as a limitation to the 
generalizability of the findings. 

Multiple 
validities 

The extent to which addressing legitimation 
of the quantitative and qualitative components 
of the study results from the use of 
quantitative, qualitative, and mixed validity 
types, yielding high quality meta-inferences. 

Multiple threats to validity were 
evident throughout the study. 

I addressed all threats to validity that I 
could address.  Some threats (e.g., 
population validity, ecological 
validity) were discussed as limitation 
to the study. 

Note. From “The Validity Issue in Mixed Research,” by A. J. Onwuegbuzie and R. B. Johnson, 2006, Research in the Schools, 13, 
p. 57.  Copyright 2006 by the Mid-South Educational Research Association.  Adapted with permission. 
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Discussion of Findings in Relation to Research Questions 

As noted in Chapter II, a researcher’s worldview can evolve and change.  At the 

time of this study, I identified most with the pragmatism-of-the-middle philosophy 

(Johnson & Onwuegbuzie, 2004).  As a mixed methods researcher, I identified with this 

philosophy because it suggests that there are multiple avenues of seeking knowledge 

(Onwuegbuzie et al., 2009).  Furthermore, pragmatist research relies on both qualitative 

and quantitative viewpoints in order to gain a better understanding of the real-world 

situation that is being studied (Onwuegbuzie et al., 2009).  Embracing this philosophy 

helped me to interpret the data.  Step 11 of the 13-step process for mixed methods 

research (Collins et al., 2006) is presented in the following sections and pertains to each 

of the nine research questions. 

Step 11: Interpreting the Mixed Research Findings 

Question 1: What is the difference in success rates—as defined by overall 

numeric course grade—between community college students who are taught an 

online mathematics course in which classroom capture software is used and 

community college students who are taught an online mathematics course in which 

classroom capture software is not used?   Before discussing the finding for this 

question, I will first discuss the finding of the reliability and validity of numeric grades 

assigned by the participating online mathematics instructors.  In the discipline of 

mathematics, answers to mathematical problems are either correct or incorrect; however, 

instructors have different rubrics for assessing a student’s ability to answer a 

mathematical problem.  Some instructors might award partial credit if the student 

correctly demonstrates the process used to obtain an answer, even if the final answer is 
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incorrect.  For the academic year involved in the study, 16 instructors taught online 

mathematics courses.  I was concerned if the instructors were consistent, comparatively 

speaking, in assigning grades.  Of the 16 instructors who taught online mathematics 

during the year of study, 14 instructors agreed to assess the common 40-question 

examination that I created.  The analysis revealed no statistically significant difference of 

the mean scores assigned on the common graded examination between the two groups of 

instructors (i.e., instructors who did use CCS, instructors who did not use CCS).  I also 

conducted additional analyses on two subgroups of instructors: (a) credit-level instructors 

and (b) developmental-studies instructors.  Similar to the findings of the original group of 

14 instructors, the analyses on both subsets of instructors revealed no statistically 

significant difference of the mean scores assigned on the common course examination 

between the groups of instructors.  To investigate further the reliability and validity of 

numeric grades assigned by the participating online mathematics instructors, I examined 

the syllabi of all online mathematics courses taught by the 16 instructors.  No instructor’s 

grading policy differed statistically significantly from the grading policy of the other 

instructors.  From these analyses, I concluded that no calibration of the overall numeric 

grades for each instructor was necessary.   

After determining that grade assignments were not statistically significantly 

different among instructors, I investigated the relationship between the use of CCS and 

success rates among the online mathematics students at the particular college of interest.  

The first analysis revealed a statistically significant difference of the mean scores of 

overall numeric course grades between the students who were enrolled in an instructor’s 

class where the instructor did use CCS and students who were enrolled in an instructor’s 
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class where the instructor did not use CCS.  In fact, students who had access to CCS 

outscored students who did not have access to CCS by an average of 6.68 points on their 

overall numeric course grade.  Next, I investigated the relationship between the use of 

CCS and success rates among the online mathematics students who successfully 

completed the online mathematics courses (i.e., students who earned an A, B, C, or D).  

To investigate this relationship, I eliminated all students who earned less than 59.5% as 

the overall course grade (see Figure 19).  This second analysis revealed a statistically 

significant difference of the mean scores of overall numeric course grades between the 

students who successfully completed a class that used CCS and the students who 

successfully completed a class that did not use CCS, namely 1.38 points, in favor of 

students who successfully completed the courses that did have CCS (see Figure 20). 
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Figure 19. Relationship of students in first and second analyses.  
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Figure 20. Relationship between the use of CCS and success rates among the online 
mathematics students.  

 
 

Because the community college in the study had a high percentage of students 

who were not deemed college ready in mathematics (i.e., a high percentage of students 

were required to enroll in developmental mathematics education), I separated the students 

who completed the online mathematics courses into two mutually exclusive subgroups of 

students (i.e., developmental-studies students and credit-level students)—then I separated 

each of the mutually exclusive subgroups into groups who used CCS or groups who did 

not use CCS (see Figure 21).  In the third and fourth analyses, I investigated the 

relationship between the use of CCS and the success rates among the online credit-level 

students.  I found no statistically significant difference between the two groups of credit-
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level students; however, I found a statistically significant mean difference of 11.72 

between the two groups of developmental-studies students. From these results, I 

concluded that CCS had a statistically significant positive impact on student success for 

developmental-studies students who completed the online mathematics course (i.e., 

received a grade of A, B, C, D, F, or IP). 

 

Figure 21. Relationship between the use of CCS and success rates among the online 
mathematics students who completed the online credit-level mathematics courses and the 
online developmental-studies mathematics courses.  

 
 

To investigate further, I divided the students who successfully completed the 

online mathematics courses into two mutually exclusive subgroups (i.e., students who 

successfully completed a developmental-studies mathematics course and students who 

successfully completed a credit-level mathematics course)—then I separated each of the 

mutually exclusive subgroups into groups who used CCS or groups who did not use CCS 
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(see Figure 22). From the fifth and sixth analyses, I concluded that a statistically 

significant mean difference of 1.69 existed between the two groups of students who 

successfully completed a credit-level mathematics course; however, there was no 

statistically significant difference between the two groups of students who successfully 

completed a developmental-studies mathematics course.  From these results, I concluded 

that CCS had a statistically significant positive impact on student success for credit-level 

students who successfully completed the online mathematics course (i.e., received a 

grade of A, B, C, or D). 

 

Figure 22. Relationship between the use of CCS and success rates among the online 
mathematics students who completed the online credit-level mathematics courses and the 
online developmental-studies mathematics courses.  

 
 

Question 2: What are select online mathematics community college students’ 

perceptions about the effect of classroom capture software on their performance in 

the online course?   Six themes emerged from the 10 interviews conducted with student 
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participants concerning their perceptions of classroom capture software on their 

performance in their online mathematics course: inclusiveness, flexibility, future outlook, 

guidance, elimination of isolation, and challenges.  During the student interviews, the 

students often spoke about the uniqueness of the discipline of mathematics, both in the 

traditional classroom environment and in the online classroom environment.  After 

students explained how mathematics differed from other disciplines, they expressed the 

challenges of taking mathematics in the online environment (e.g., not being able to see an 

instructor work a problem step-by-step).  Remarkably, 4 or more years after the year of 

study, students in the study were able to recall specific details about the recordings used 

in their online mathematics courses in the study (e.g., the setting of the recordings), and 

they made comments such as, “I remember that class, that’s probably the most 

memorable math class I’ve taken.”  Every student referred to being able to review the 

recordings multiple times and how this feature enabled them better to learn concepts that 

they found to be challenging.  Because CCS was used in the online mathematics courses, 

students believed that they were more engaged in their courses and believed that the 

instructors had more interest in helping students to learn.  Additionally, students claimed 

that CCS provided them with the opportunity to experience traditional face-to-face 

mathematics courses in the online environment—thereby providing visual learners with 

an opportunity to be more successful in their online courses.  Lastly, students were eager 

to share their experiences about CCS and the positive impact that they believed it made 

on their success in the online mathematics courses (e.g., “The classroom capture software 

actually helped me do really well in the class”).  After sharing their positive experiences, 

several students offered suggestions of how to market the use of CCS in the online 
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mathematics courses—so that future online mathematics students could benefit as they 

did.   

Question 3: What are select online mathematics community college 

instructors’ perceptions about the effect of classroom capture software on their 

students’ performance in the online course?   Instructors’ perceptions were similar to 

student perceptions in that instructors also believed that CCS had a positive impact on 

student success in online mathematics courses.  Five themes emerged from the six 

interviews conducted with instructor participants concerning their perceptions of 

classroom capture software on their students’ performance in their online mathematics 

course: benefits to students, challenges, benefits to instructors, online teaching, and future 

students.  During the interviews, all instructors explained how CCS had evolved their 

online mathematics classrooms into an environment similar to their face-to-face 

mathematics classrooms—thereby providing the instructors with the means of providing 

step-by-step directions for the processes required to understand concepts and to solve 

problems (i.e., giving students the tools to be more successful in their courses).  Rather 

than describing what was viewed on a recording—like the student participants did—the 

instructors provided details about the creation of the recordings using CCS (e.g., 

challenges related to the cost of the software product, challenges related to the time 

required to create and to post the videos).  For some instructors, the main purpose of a 

recording was to replicate the information provided in the face-to-face classroom—

thereby providing the same opportunity for the online student as the traditional student 

(i.e., to provide alternative explanations in order to help students with different learning 

styles).  For other instructors, the purpose of a recording was to make available sessions 
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that resembled one-on-one interactions between an instructor and a student during non-

lecture times in a traditional classroom (i.e., to provide a sense of belonging).  During this 

type of recording, the instructor aided the students as they worked through problems in a 

tutoring environment—as would be provided after the completion of a course lecture 

when an instructor would circulate the classroom to answer questions).  Again, this 

provided the same opportunity for the online student as for the traditional student (i.e., to 

hear questions asked by other classmates and to hear answers provided by the instructor).  

For instructors who recorded live face-to-face lectures, they described time-related 

challenges (e.g., time to set up equipment prior to creating a recording, time to post a 

recording in the LMS), performance-related challenges (e.g., not making careless 

mistakes when solving mathematical problems, not discussing topics unrelated to 

mathematics while recording), and technology-related challenges (e.g., possessing the 

correct hardware and software).  However, despite the challenges faced by the 

instructors—even the challenge of motivating the students to watch the videos—they 

stated that the positive feedback received from students made overcoming the challenges 

that they faced in making the recordings worth the effort.  During the interviews, 

instructors stated that they thought CCS had a positive impact on student success due to 

written statements received from students (e.g., “The videos you make are an essential 

resource” and “What I found most useful in helping me succeed in this course were the 

videos”).  Even though instructors had no evidence of the effect that CCS had on student 

success, they were adamant about the continued use of CCS in their online mathematics 

courses.  There was a passion for CCS common to all instructors.  One instructor 

believed that CCS was such an important component of helping her online students to 
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succeed that she claimed she would no longer teach online if she could not use CCS in 

her online courses.   

Question 4: To what extent are perceptions of select online mathematics 

community college students regarding the effect of classroom capture software on 

their performance in the online course similar to those of their instructors?   

Students’ perceptions were similar to instructor perceptions in that both sets of 

participants found only positive value in using CCS in the online mathematics courses.  

Almost every participant—both student and instructor—made reference to being able to 

start/stop/pause/rewind a recording that was posted in the LMS.  They provided reasons 

why this feature contributed to student success (e.g., allowed a student to progress 

through the material at a pace that most benefitted him or her, allowed a student to pause 

and to work the problem with the instructor, allowed a student to stop recording while 

solving life issues and to resume recording when convenient).  Additionally, both 

instructor and student participants discussed the unique difficulties faced by students 

when taking online mathematics courses versus online courses in other disciplines.  They 

stated that mathematics is a discipline that few students can learn by reading a textbook.  

They explained that for most students, mathematics requires both verbal and visual 

explanations—and CCS provided the ability for this type of learning to occur.  Lastly, 

both instructor and student participants described how CCS transformed the online 

mathematics environment into a face-to-face mathematics environment.  Because of this 

transformation, the instructors were able to replicate content delivery methods used in the 

traditional classroom setting, and the students were able to enjoy the benefits of 

observing a traditional classroom lecture and atmosphere.   
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Question 5: What is the prevalence of each of the perceived effects of 

classroom capture software by select online mathematics students?   The most 

prevalent effect of CCS perceived by the students was how CCS made them feel 

included.  Students discussed how CCS provided them with a feeling of being in a 

traditional classroom—thereby providing them with the ability to take notes and to hear 

questions asked by other students.  The second most prevalent effect of CCS was the 

flexibility that the CCS provided to the students.  CCS allowed students to learn at a pace 

that was best for them by allowing them to start, to stop, to pause, and to rewind the 

videos.  Although some students recalled the videos being short in length, they 

commented that the videos seemed longer due to stopping and to rewinding the videos.  

CCS set the foundation of mathematics for several student participants by providing them 

with a new prospective about online mathematics courses.  Because of their experiences 

in the online mathematics courses with CCS, these students continued taking additional 

mathematics courses—eventually earning a bachelor’s degree in mathematics or 

minoring in mathematics. 

Question 6: How are the perceived effects of classroom capture software by 

select online mathematics students related to one another?   All perceived effects of 

CCS software by the online students were related to the uniqueness of the discipline of 

mathematics in the online environment.  Overcoming the barrier of independently 

learning mathematics in the online environment was important to student participants.  

Because CCS transformed the online mathematics environment into a traditional face-to-

face environment, students felt less isolated, more included, more engaged, and better 
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able to succeed in mathematics.  Ultimately, CCS lessened the task of self-teaching the 

concepts of mathematics in the online mathematics course.   

Question 7: What is the relationship between online mathematics community 

college students’ self-reported use of classroom capture software and their success 

in the course?   In the qualitative phase of the study, the student participants reported 

that the use of CCS helped them to be more successful in their online mathematics 

courses.  Analyses conducted in the quantitative phase of the study confirmed the results 

of the qualitative phase (i.e., CCS was associated with student success in online 

mathematics courses).   

Question 8: What is the prevalence of each of the perceived effects of 

classroom capture software by select online mathematics instructors?   The most 

prevalent effect of CCS was the benefits that CCS provided to the students.  The 

instructors recognized how CCS changed the learning of mathematics in the online 

environment.  Some student benefits observed by the instructors included the following: 

feeling more confident, feeling less isolated, being able to experience a face-to-face 

lecture, being able to watch and to re-watch videos as needed, being able to see and to 

hear step-by-step explanations, and being able to hear questions asked by other students.  

The second most prevalent effect of CCS among instructor participants was the 

challenges that they associated with using CCS (e.g., costs related to the different CCS 

products, time required to create and to post videos, discovering strategies to help 

motivate students to watching the videos).  The third most prevalent effect of CCS was 

the benefits that CCS provided to the instructors.  All instructors expressed the 

willingness to share their recordings with other online instructors within their department.  
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The sharing of the videos provided instructors with an opportunity to help and to connect 

with coworkers.  This was surprising because when an instructor spends a significant 

amount of time developing resource for his or her course, there is a sense of ownership of 

the resource.  However, due to the benefits they saw that CCS provided to the students, 

the instructor participants expressed their desire to share among their colleagues.   

Question 9: How are the perceived effects of classroom capture software by 

select online mathematics instructors related to one another?   All the perceived 

effects of CCS by online instructors were related to helping students succeed in online 

mathematics courses.  Instructors listed challenges and barriers faced by online students, 

regardless of the discipline of the online course.  However, specific to the discipline of 

mathematics, the instructors acknowledged how CCS helped to overcome the unique 

challenges of mathematics faced by students in the online environment.   A summary of 

each research question is presented in Table 71 as a matrix linking major findings to the 

purpose of study, the research questions, and the analysis. 
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Table 71 

Matrix Linking Major Findings to Purpose of Study, Research Questions, and Analyses 

Purpose Research Question Analysis Summary of Results 

To examine the 
difference in overall 
course numeric grades 
between two groups of 
students. 
 

1. What is the difference in success rates—as 
defined by overall numeric course grade between 
community college students who are taught an 
online mathematics course in which classroom 
capture software is used and community college 
students who are taught an online mathematics 
course in which classroom capture software is not 
used? 

Independent samples t tests There was a statistically 
significant difference at the .05 
level.  Students who used CCS 
outscored students who did not 
use CCD by a mean difference of 
6.38. 

Generate themes from 
student interview data. 

2. What are select online mathematics community 
college students’ perceptions about the effect of 
classroom capture software on their performance in 
the online course? 

Constant Comparison 
Analysis 

Themes: Inclusiveness, Flexibility, 
Future Outlook, Guidance, 
Elimination of Isolation, and 
Challenges. 

Generate themes from 
instructor interview 
data. 

3. What are select online mathematics community 
college instructors’ perceptions about the effect of 
classroom capture software on their students’ 
performance in the online course? 

Constant Comparison 
Analysis 

Themes: Benefits to Students, 
Challenges, Benefits to 
Instructors, Online Teaching, and 
Future Students. 

(continued) 
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Purpose Research Question Analysis Summary of Results 

 

Determine the 
prevalence of themes 
generated from the 
constant comparison 
analyses from both 
student data and 
instructor data. 

4. To what extent are perceptions of select online 
mathematics community college students regarding 
the effect of classroom capture software on their 
performance in the online course similar to those of 
their instructors? 

Constant Comparison 
Analysis 

Both instructors and students 
found positive value in using CCS 
in online mathematics courses.  
Additionally, they both stated that 
CCS transformed the online 
environment into a face-to-face 
environment. 

Determine the 
hierarchal structure 
(i.e., prevalence) of 
emergent themes. 

5. What is the prevalence of each of the perceived 
effects of classroom capture software by select 
online mathematics students? 

Classical Content Analysis Most prevalent: inclusiveness. 

Determine a cross-case 
analysis of emergent 
themes. 

6. How are the perceived effects of classroom 
capture software by select online mathematics 
students related to one another? 

Correspondence Plot All perceived effects were related 
to one another by the uniqueness 
of the online mathematics course. 

 7. What is the relationship between online 
mathematics community college students’ self-
reported use of classroom capture software and their 
success in the course? 

 Students’ self-reported use that 
CCS helped them to be more 
successful was confirmed by the 
results in the quantitative phase. 

(continued) 
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Purpose Research Question Analysis Summary of Results 

Determine the 
hierarchal structure 
(i.e., prevalence) of 
emergent themes. 

8. What is the prevalence of each of the perceived 
effects of classroom capture software by select 
online mathematics instructors? 

Classical Content Analysis Most prevalent: Benefits to 
Students. 

Determine a cross-case 
analysis of emergent 
themes. 

9. How are the perceived effects of classroom 
capture software by select online mathematics 
instructors related to one another? 

Correspondence Plot All perceived effects were related 
to one another by the desire to 
help students be more successful 
in online mathematics courses. 
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Discussion of the Findings in the Context of the Literature Review 

Contained in Chapter II, the review of literature was categorized into four major 

sections: (a) Innumeracy, (b) Mathematics Education, (c) History and Advances in 

Technology in Relation to Education, and (d) Online Education.  Policy makers at both 

the K-12 and higher education levels place emphasis on improving mathematics 

education in hopes to increase the knowledge of basic mathematical skills.  With respect 

to the format of class offerings, enrollment trends in higher education have created the 

need for institutions to offer courses within all disciplines in the online format.  

Unfortunately, due to the necessity of students needing to see mathematics in order to 

learn processes associated with mathematical concepts, the transition of teaching 

mathematics in the online environment has been difficult.  Instructors continually search 

for ways to improve student success in their online mathematics courses. 

The history and advances in technology in relation to education has significant 

importance in this study.  The technology that we use daily (e.g., graphing calculators and 

computers) has helped online mathematics education to arrive in its current state.  As 

more and more advancements in technology are made, researchers must assess the impact 

of these advancements.  This study involved examining one such advancement in 

technology, namely, classroom capture software.  Because CCS is a relatively new 

advancement, limited research was available that pertained to the study.  This study 

analyzed the effects of CCS on course performance in the online mathematics 

environment.  Thus, the findings from this study have added to the scant literature related 

to CCS and the online environment. 
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Discussion of the Findings in the Context of Theoretical Framework 

This study was guided by Bruner’s (1966) Constructivist Theory, which posits 

that learning is an active process in which a learner constructs new concepts or ideas 

based upon his or her current/past knowledge.  The four features addressed in Bruner’s 

(1966) theory of instruction were: (a) predisposition to learn, (b) structure (i.e., 

organization) of knowledge, (c) modes of representation (i.e., delivery), and (d) effective 

sequencing (i.e., form and pacing of reinforcement).  All four features apply to a 

student’s learning of mathematics in the online environment.  First, prior to enrolling in 

an online mathematics course, the student held a particular attitude and/or expectation 

about the online learning environment.  The student was aware of the difference between 

the online learning environment and the traditional face-to-face environment.  Second, 

using CCS helped instructors to organize their online mathematics course in ways that 

differed from online mathematics courses that did not use CCS.  By providing students 

with an additional resource contained (i.e., recordings) within the LMS, the instructors 

reduced the amount of time required by students to search alternative methods of 

explaining the material.  Third, results of the study confirmed that the use of CCS 

provided better delivery of material (i.e., mode of representation) which, in turn, 

enhanced student learning.  Last, CCS was perceived to be effective in helping students 

to progress through the course material.  When a student recognized personal difficulty in 

the understanding of a mathematical concept, the student could reference recordings that 

would help in learning the concept. 
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Implications of the Findings 

Step 12: Writing the Mixed Research Report 

Step 12 of the 13-step process for mixed methods research (Collins et al., 2006) is 

to write the mixed methods research report.  To practitioners, this step is the most 

important step of the research process.  Throughout the writing of the report, I attempted 

to present the students’ perceptions and instructors’ perceptions as true to form as 

possible in hopes not to misrepresent their perspectives.  With this in mind, I interpreted, 

legitimized, and prepared the data in report form for implications. 

Implications for Students 

As technology continues to advance, we as a society become more and more 

mobile.  Enrollment in the traditional face-to-face courses is on the decline, whereas 

enrollment in online courses continues to grow (National Center for Education Statistics, 

2015).  With busy schedules and the high demands of life, work, and family, students are 

opting to take courses that offer more flexibility (i.e., online courses).  For text-based 

disciplines (e.g., history), the transition from the face-to-face environment to the online 

environment has been almost seamless.  Instructors of these disciplines have posted 

content of the course within the LMS in the form of text-based documents (e.g., lecture 

notes, PowerPoint slides).  Additionally, instructors of text-based disciplines have 

utilized discussion boards and chatrooms as a medium for classroom conversations to 

occur, either between the instructor and a student or among students. 

Unlike the text-based disciplines, the process-driven disciplines have not 

experienced a seamless transition to the online environment.  Both instructors and 

students in the study identified the uniqueness of online mathematics courses compared 
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to online courses in other disciplines.  The student participants expressed apprehension 

about taking mathematics in the online format due to this uniqueness, and the instructors 

expressed reluctance—prior to CCS—of teaching mathematics in the online format.  

However, the most prominent student theme (i.e., changes to how online mathematics 

courses are viewed) suggests that students’ opinions of learning mathematics in the 

online format was changed as a result of being exposed to CCS in the online mathematics 

courses. 

One important outcome of this study concerns students who are unable to attend 

traditional face-to-face courses (e.g., those who live in remote rural areas, stay-at-home 

moms).  Some of these students do have the opportunity to take online courses, but they 

are aware of difficulty that they face in particular subject areas (e.g., mathematics).  Some 

of these potential students might eliminate the possibility of furthering their education 

after the completion of high school due to fear and anxiety of taking classes from 

particular subject areas in the online format.  The theme face-to-face classroom 

experience suggested that CCS transformed the online environment into a face-to-face 

environment.  In other words, CCS provided a hands-on experience of learning 

mathematics.  If colleges advertised the use of CCS online mathematics courses, these 

individuals who do not seek to further their education after completion of high school 

might be more willing to seek an online program or degree.  

Analyses in the quantitative phase confirmed that CCS helped to improve overall 

student success in the online mathematics classroom.  Furthermore, analyses in the 

qualitative phase confirmed that CCS helped to increase the students’ confidence in the 

online mathematics classroom.  One way in which a student’s confidence was increased 
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included the student’s ability to identify his or her instructor’s expectations.  For 

example, directions on an examination often tell a student to show his or her work in 

order to receive full credit for a problem.  One instructor, Sophie, shared how she 

confirmed that CCS clearly communicated her expectations to her students, “When 

students take my test, I can see my MY organization, the way I write in my notes, in the 

recordings.  I can see it line by line, coming right through.”  Thus, because of CCS, 

students more clearly see instructors’ expectations. 

Lastly, as technology continues to improve, new possibilities of implementing 

CCS in the online environment might emerge for students.  For example, what if students 

were allowed to create and to post recordings using CCS?  This feature would allow 

students to post small video clips next to their discussion board posts, to a document 

attached to an email, or to a submission in DropBox.  Students could ask not only written 

questions, but they could verbally and/or visually explain where they needed help in 

understanding a concept or solving a problem.  Additionally, students could demonstrate 

a process or procedure using CCS as part of an assignment for an online course. 

Implications for Instructors 

Instructors in the study began using CCS soon after the developers had released 

the software, and the instructors disclosed that they still used CCS in their online courses 

at the time the data were collected.  During the interviews, instructors shared only 

positive comments about CCS as it pertained to the students—the only negative 

comments about CCS from the instructors’ perspectives pertained to the high costs of the 

CCS products and to the time requirement of creating the recordings.  As other 

instructors become aware of the results of this study (i.e., the effects of CCS on course 
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performance), then more instructors might use CCS in their online courses.  Because the 

reporting tools that are now available within the LMS can provide more information 

about CCS viewing statistics than the reporting tools provided at the time of the study, 

instructors would be able to locate which recordings the students accessed more 

frequently.  Using these new reporting tools, instructors might identify trends (e.g., 

particular topics/recordings being viewed more frequently than others are).  As a result, 

the instructors might provide students with additional recordings to explain better those 

topics to students. 

The instructors acknowledged the common misconception that was shared by 

students—taking a mathematics course in the online format is easier than taking the same 

course in a traditional face-to-face format because the instructor lowers expectations of 

the students’ performance.  Prior to using CCS, the instructors admitted to being more 

lenient with respect to grading due to the inability to convey exactly what was expected 

from the students on the assignments.  Using CCS allows mathematics instructors to 

replicate their traditional face-to-face courses in the online environment.  In doing so, 

instructors can better explain step-by-step processes and better communicate their 

expectations.  Thus, instructors could take an active part in helping to eliminate the 

misconception that courses in the online format are easier than are courses in the 

traditional format. 

As technology continues to advance, instructors might see new uses of CCS 

emerge in online courses.  For example, instructors complained about the amount of time 

required currently to make recordings using CCS.  If the amount of time for creating and 

posting a video response was reduced (e.g., a radio button was placed with a discussion 
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board post), an instructor might provide quicker video responses to questions posted on 

the discussion boards.  Additionally, these responses might contain step-by-step 

explanations to the students’ questions.  The ability to respond with videos using CCS 

currently exists, but as previously stated, creating and posting recordings is time 

consuming.  As capture technology becomes more user friendly, online instructors will be 

able to provide better and faster feedback. 

One of the most prevalent perceptions of CCS shared among both instructors and 

students was that it provided students with a face-to-face experience.  Instructors could 

extend the use of CCS to more than delivery of content and delivery of question/answer 

sessions.  For example, the instructors could assess a student’s knowledge by requiring 

the student to submit assignments that are recorded using CCS.  This concept was 

discussed previously in the Implications for Students section.  Again, this technology 

currently exists, but it is too time-consuming and burdensome for the instructors.  For this 

reason, it would be more convenient if the capture software was integrated into the LMS 

(i.e., a radio button was placed next to different features within the LMS that would allow 

recordings to be made).  An instructor might require a student to demonstrate a particular 

process using CCS.  After the student submitted the assignment, the instructor could 

watch the student’s recording and provide video feedback—by either confirming the 

student’s correct answer or by explaining why the student’s answer is incorrect.  Thus, 

the instructor could provide another component (i.e., one-on-one feedback to individual 

assignments) within an online course that replicated a component in a traditional face-to-

face course.  An extension of using CCS in this manner would include providing an 
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environment that replicated visiting an instructor during office hours—questions could be 

submitted, answers could be provided. 

Implications for Administrators 

Often times, college budgets are tied to key performance indicators (KPIs)—

measurable values aimed to improve student success.  Some KPIs include: headcount, 

First Time in College (FTIC) persistence Fall to Spring, FTIC persistence Spring to Fall, 

developmental mathematics completion within 1 year, developmental reading completion 

within 1 year, developmental writing completion within 1 year, completion of 30+ 

college-level credits within 3 years, transfer to 4-year institutions, number of 

degrees/certificates awarded by the college, and percentage of overall successful course 

completion.  If administrators were to advocate for the use of CCS in the online 

environment, the potential would exist to increase funds allocated to the college.  From 

this study, I concluded that students who enrolled in online mathematics courses that used 

CCS had a higher mean overall course average than did students who enrolled in courses 

that did not have CCS, particularly in the developmental-studies mathematics courses.  If 

online developmental mathematics students are more successful in courses that use CCS, 

then there is a potential of gaining more momentum points associated with the KPI 

complete developmental mathematics within 1 year—resulting in more funding. 

Additionally, student participants who took additional mathematics courses shared that 

they returned to the same institution and searched for more online mathematics 

instructors who used CCS in their online mathematics courses.  If the use of CCS 

encourages students to return the following semester, the college has the potential to earn 

momentum points associated with the KPI persistence. 
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Currently, we do not know the impact that CCS has on the rate of student 

enrollment nor the impact that CCS has on student enrollment numbers.  A great 

marketing opportunity for online courses and fully online programs exists for colleges 

who want to promote the use of CCS.  On the marketing flyers and brochures, a college 

could provide quotations from former students about how CCS transformed their online 

courses/programs into traditional face-to-face experiences.  If marketed to the correct 

population, then enrollment in those courses or programs could increase.  Thus, the 

college has the potential to earn momentum points associated with the KPI headcount. 

Recommendations for Future Research 

Step 13: Reformulating the Mixed Research Questions 

Several research studies exist that could expand the findings of my research.  For 

my study, I grouped the online mathematics students according to whether or not the 

instructors used CCS.  At the time of my study, the LMS did not communicate with the 

capture software (i.e., students did not have to authenticate into the LMS in order to view 

recordings).  Consequently, I was unable to collect data related to which students viewed 

the recordings or to how long each student viewed each recording.  As a result of 

advancements in technology, an instructor is now able to track a student’s progress within 

the LMS (i.e., reporting tools exist within the LMS that show details about student login 

information).  Therefore, my first suggestion for a future study would be to replicate the 

study according to student usage of CCS (i.e., group the online mathematics students 

according to whether or not the student within the online mathematics course used CCS 

instead of whether or not the instructor of the online mathematics course used CCS). 
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Second, another research study could be conducted to examine the effect that the 

number of minutes spent viewing the recordings had on course performance.  If, indeed, 

the mean grades of students who watched recordings was greater than was the mean 

grades of students who did not watch recordings, then how many recordings does a 

student need to watch in order for this outcome to be observed?  Would there exist 

categories (e.g., students who watched at least 10 videos for a total of 200 minutes or 

more, students who watched at least 15 videos for at least 250 minutes) for observable 

measurable differences in student performance? 

For a third study, researchers could examine in more depth how students use 

CCS.  Are students watching videos in their entirety, or are students watching videos only 

when they need help solving a particular problem? These data could be collected using a 

survey tool and/or holding student focus groups. 

Fourth, researchers could examine enrollment rates of online courses that use 

CCS compared to enrollment rates of online courses that do not use CCS.  Does the class 

of an instructor who uses CCS fill at a faster rate with students than does a class of an 

instructor who does not use CCS?  Fifth, researchers could examine how the use of CCS 

affects retention rates of students.  Do students who are exposed to CCS return to the 

same institution the following semester, especially if the students know CCS will be used 

in future courses available at that institution?  Last, researchers might conduct a similar 

study (i.e., perceptions and effect of CCS on course performance) concerning online 

students in other STEM-related courses.  Of particular interest would be science classes 

that involved demonstrations in a laboratory setting. 
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Conclusion 

Living in the Information Age, we are surrounded by an abundance of digital 

information.  However, we continue to have difficulty processing the numerical 

information due to high rates of innumeracy.  Educational policy makers at both the 

national level and state level search for ways to decrease innumeracy among individuals 

in our society.  To meet the demands of students, institutions of higher education have 

seen a shift from the traditional face-to-face learning environment to the online learning 

environment (Allen & Seaman, 2008, 2013; National Center for Education Statistics, 

2015).  Both the busy lifestyles of the students and the rapid advancements in technology 

have helped to evolve the online courses that are currently offered to students. 

Students and instructors continue to struggle in the online environment with the 

unique discipline of mathematics (Hardy & Bower, 2004; Ko & Rossen, 2004; McLean, 

2005; Palloff & Pratt, 2001).  This study involved an investigation of the effects and 

perceptions of classroom capture software on course performance in online mathematics 

courses.  The findings of this study indicate that CCS helped to improve student success.  

The quantitative results were congruent with the perceptions of both students and 

instructors who indicated that CCS provided numerous benefits that helped students be 

more successful in the online mathematics environment.  As such, these results have 

added to the knowledge base about using CCS in the online mathematics environment, as 

well as provided more areas of research to pursue. 
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