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Abstract
Nontraditional students, who often do not have a background in computer usage, are a
growing population in higher education. These students are often ill prepared for success
in mathematics courses due to attitudes toward mathematics and the use of technology in
the learning process. Researchers have looked into the needs of nontraditional students in
academic settings but have not focused on nontraditional students’ use of adaptive
learning components, such as Pearson’s MyMathLab (MML), in blended classrooms. The
purpose of this sequential explanatory mixed-methods study was to explore the difference
in nontraditional students’ attitudes toward math and the use of technology depending on
the frequency of using MML. This study involved 30 participants between the ages of 27
and 54 years who attended blended learning math classes at a Philadelphia, PA area
community college. Dienes’s theory of learning mathematics was used for the conceptual
framework for this study, as it stresses direct interaction through perceptual variability,
mathematical variability, and constructivity. Quantitative analysis was used to examine
nontraditional students’ responses on the Attitudes Toward Technology in Mathematics
Learning Questionnaire. No significant differences were found nontraditional students’
attitudes toward math and the use of technology depending on the frequency of using
MML. Four professors and 8 students were interviewed to gain knowledge on their
attitudes toward technology and mathematics. Open coding was used to develop themes
and patterns. Identified themes included the use of tools, support outside the classroom,
and pace of learning. This study may support positive social change by providing ways to

combat stressors and intimidation and thus improve students’ success in the classroom.
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Chapter 1: Introduction to the Study
Background

For nontraditional students, technology in the classroom may not be something
that they are used to or have frequently used (Henson, 2014). Nontraditional students are
defined as students who are older than 25 years of age while attending college for the first
time. Many of these students have time constraints due to family and work obligations
(National Center for Education Statistics, 2014). Many nontraditional students may not
have used computers as tools in their classrooms before and may not have been permitted
to use calculators in their math classes (Henson, 2014). However, the use of technology
in math classrooms at the college level is beginning to be commonplace (Carter,
Greenberg, & Walker, 2017). Technologies used in this environment range from graphing
calculators, to computer programs that perform mathematical equations, to entire digital
courses that provide all learning tools and applications for a math class (Venkatesh,
Croteau, & Rabah, 2014).

MyMathLab (MML) is an online computer package from Pearson Higher
Education that engages students through personalized, stimulating, and measurable
learning tools such as e-books, adaptive homework, tests, step-by-step guidance,
videos/animations, and discussion tools (Pearson, 2015). MML provides students with
online tools that allow them to acquire new math skills in a multitude of ways, all
supporting the same learning goal. The MML platform has taken another step in using
innovative teaching and learning processes and now uses Knewton Adaptive Learning in

order to monitor students’ progress and make recommendations based on student



performance, thereby providing an adaptive and personalized learning environment
(Pearson, 2015). Knewton Adaptive Learning works like a personal tutor, using
individualized instruction, assessment, feedback, and remediation for students as they
work on the topics assigned (Knewton, 2018). Pearson (2015) has presented MML and
Knewton Adaptive Learning as offering an easy-to-use format that helps students to
improve their understanding of their work while receiving immediate feedback,
indicating the system also provides information for instructors.

In a study on transformations that may occur in higher education through
computer-based adaptive learning systems, Johnson and Samora (2016) looked at the
effectiveness of adaptive learning systems, which have only recently been studied with
their increasing use in the educational arena. Knewton Adaptive Learning was one of the
systems studied among over 30 software products in the field. According to Johnson and
Samora (2016), adaptive learning systems can potentially be effective in offering one-to-
one tutoring but must fit into what is considered the “iron triangle” of education: access,
quality, and cost. Furthermore, the studies that have been reviewed in this study concern
the effectiveness of adaptive learning in relationship to student retention and improved
learning (Johnson & Samora, 2014; Murray & Perez, 2015; Newman, Stokes, & Bryant,
2013; Papousek & Pelanek, 2015). Adaptive learning systems have not been specifically
examined in regard to nontraditional learners, nontraditional learners’ prior attitudes
toward technology in math classes, or adaptive learning systems’ effects on

nontraditional learners’ attitudes toward mathematics.



In another study, Jameson and Fusco (2014) compared traditional and
nontraditional undergraduate students in regard to math anxiety and self-efficacy.
Although they found that nontraditional learners’ math self-efficacy was lower than that
of their traditional counterparts, the level of anxiety was not different between these
groups (Jameson & Fusco, 2014). Jameson and Fusco stated as students get older, their
math anxiety increases and their self-efficacy decreases; they attributed this pattern
mainly to areas of math that are considered academic as opposed to utilitarian (e.g.,
trigonometry vs. fractions). Their study, although important in understanding differences
between traditional and nontraditional students regarding math anxiety and efficacy, did
not address the attitudes that nontraditional students have toward mathematics and the
technology that is now implemented in many blended mathematics classrooms (Jameson
& Fusco, 2014).

Rodrigues (2012) stated that when students know “very little about the concepts
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of math or algebra,” “the instructor’s goal” is “to work with the students to get them from
the point of knowing a very limited amount of math to becoming confident in the
classroom” (p. 31). Balentyne and Varga (2017) noted that not only students’ self-
efficacy toward mathematics, but also their attitude toward mathematics is an important
factor in learning mathematics. Additionally, Balentyne and Varga stated that students
with greater achievement in self-paced blended classes have a positive attitude toward
mathematics. Self-paced blended classes consist of both face-to-face instruction and an

online component that allows students to move at their own pace while requiring a

specific amount of work that needs to be completed for the course (Balentyne & Varga,



2017). Many studies have afforded insight into the attitudes that students have toward
mathematics (Benken, Ramirez, Li, & Wetendorf, 2015; Rodrigues, 2012; Sonnert,
Sadler, Sadler, & Bressoud, 2015). However, these studies have not addressed the
relationship between nontraditional students in a blended classroom format and the use of
MML, as well as such students’ attitudes toward technology in the classroom (Benken et
al., 2015; Lee, Lim, & Kim, 2017; Sonnert et al., 2015). By understanding how
nontraditional students’ use of the Knewton Adaptive Learning component of MML
influences their attitudes toward mathematics, as well as their attitudes toward
technology, it may be possible to help students better address negative attitudes while
encouraging positive attitudes.
Problem Statement

Nontraditional students who are older than 25 years of age attending college for
the first time are a growing population in all college settings (National Center for
Education Statistics, 2014). Radford, Cominole, and Skomsvold (2015) found that 39%
of private 4-year college students are between ages of 25 and 34 years, while 31% are
over the age of 35 years. In 2-year institutions, 23% are between the ages of 25 and 34
years, and 16% are over 35 years of age (Radford et al., 2015). This is leading to a shift
in what nontraditional higher education students need to succeed in college (Tennant,
2014), such that “while adult students are often more motivated and more determined to
overcome their unique obstacles than traditional-aged students, mathematics courses

prove to be barriers to adult student graduation” (Tennant, 2014, p. 17).



The presentation of material is also changing in the college setting (Oliver &
Stallings, 2014). Many classes are now offered in a blended format, where a portion of
the time is spent in a traditional classroom setting, often with lectures, while the
remaining time is spent in online delivery, with the student controlling the time, place, or
pace of the work (Oliver & Stallings, 2014). According to Oliver and Stallings (2014),
“blended learning may prove more challenging to nontraditional students than traditional
learning for a number of ... cognitive and developmental reasons” (p. 63), such as the
level of detail within the information presented by the instructor or the amount of inquiry,
or collaborative-based learning used in the course. However, blended learning is better
for science, technology, engineering, and math (STEM) subjects, according to Vo, Zhu,
and Diep (2017), due to the use of more direct teaching methods, direct instruction, and
interactions between students and instructors, as opposed to solely online classes, which
are often self-taught through information provided within the course.

The problem addressed in this sequential explanatory mixed methods study is that
nontraditional students are not prepared to succeed in math courses due to negative
attitudes toward mathematics and the technology used in blended learning math
classrooms. Despite the increase in the use of blended learning classes and adaptive
learning tools, little research has been done regarding their effect on nontraditional
students’ attitudes toward the technology being used (Benken et al., 2015). This problem
may negatively impact the graduation rates of nontraditional students, in that these
students may not be prepared to succeed in mathematics courses. A study investigating

nontraditional students’ attitudes toward technology and adaptive learning tools, by a
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sequential explanatory mixed methods approach, could remedy the situation. There was a
gap in existing research regarding whether the use of the Knewton Adaptive Learning
component of MML in a blended mathematics classroom influences attitudes toward
mathematics and the use of technology in mathematics among nontraditional students.
Purpose of the Study

The purpose of this sequential explanatory mixed-methods study was to explore
the difference between nontraditional students’ use of the Knewton Adaptive Learning
component of MML and their attitudes toward mathematics and the technology used in a
blended mathematics classroom at a local community college in the Philadelphia, PA
region. The first phase involved the use of a quantitative research approach in collecting
data with the Attitudes Toward Technology in Mathematics Learning Questionnaire
(ATMLAQ; Fogarty, Cretchley, Harman, Ellerton, & Konki, 2001). The independent
variable used in this study was the use of the Knewton Adaptive Learning component of
MML in a blended mathematics classroom, and the dependent variables included
students’ attitudes toward the use of technology and students’ attitudes toward
mathematics, as measured by ATMLQ. The intervening variable for the study was the
age of nontraditional students. The second phase was a qualitative exploration of
nontraditional students’ attitudes toward technology in blended mathematics classes, as
well as their use of MML. The instructors’ attitudes and views toward their students’ use
of technology in the math class, specifically Knewton Adaptive Learning tools, were also
examined. Themes from these qualitative data were developed into an instrument to

compare a student’s age with confidence in mathematics, confidence with computers, and
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confidence with computers and graphing calculators in the Philadelphia, PA area. Student
use of the Knewton Adaptive Learning component of MML was examined to determine
how nontraditional students’ use of the Knewton Adaptive Learning component of MML
in a blended mathematics classroom impacts their attitude toward the use of technology
and mathematics.

Research Questions

The following quantitative questions and hypotheses framed the study:

RQ1. What was the difference between nontraditional students’ use of the
Knewton Adaptive Learning component of MyMathLab in a blended
mathematics classroom and their attitudes toward the use of technology?
Hlo. There was no significant difference between nontraditional

students’ use of the Knewton Adaptive Learning component of
MyMathLab in a blended mathematics classroom and their
attitudes toward the use of technology.

H1,. There was a significant difference between nontraditional students’
use of the Knewton Adaptive Learning component of MyMathLab
in a blended mathematics classroom and their attitudes toward the
use of technology.

RQ2. What was the difference between nontraditional students’ use of the
Knewton Adaptive Learning component of MyMathLab in a blended

mathematics classroom and their attitudes toward mathematics?



H2o. There was no significant difference between nontraditional
students’ use of the Knewton Adaptive Learning component of
MyMathLab in a blended mathematics classroom and their attitude
toward mathematics.

H2,. There was a significant difference between nontraditional students’
use of the Knewton Adaptive Learning component of MyMathLab
in a blended mathematics classroom and their attitude toward
mathematics.

The following qualitative questions will frame the study:

RQ3. How did students perceive the influence of the Knewton Adaptive
Learning component of MyMathLab on their attitudes toward the use of
technology?

RQ4. How did instructors perceive the influence of the Knewton Adaptive
Learning component of MyMathLab on students’ attitudes toward
mathematics?

Conceptual Framework

The conceptual framework for this study was Zoltan Dienes’s theory of learning

mathematics (Dienes, 1959). This theory addresses six stages of learning mathematics:

1. Free play involves interaction with a situation or problem.

2. Playing by the rules occurs when one finds the rules that fit the situation or

problem.



3. The comparison stage involves looking at how the new rules fit with other

problems or situations.

4. The representation stage shows how the rules can be represented.

5. The symbolization stage occurs when the properties of the system can be

described.

6. The formalization stage involves the setup of a formal system to describe the

problem.

Dienes stressed the importance of learning mathematics by direct interaction with
the subject, by being very active both physically and mentally with it (Dienes, 2000; Post,
1981; Sriraman & Lesh, 2007). His theory includes three separate principles: perceptual
variability, mathematical variability, and constructivity.

The perceptual variability principle (Dienes, 1959) involves acknowledgment
that conceptual learning is maximized when concepts are exposed in a variety of physical
and contextual formats. The mathematical variability principle suggests that generalizing
of mathematical concepts is enhanced when the concept is shown under variable
conditions that use varied irrelevant and relevant variables (Post, 1981). The
constructivity principle used by Dienes (1959) involves acknowledgment of the need to
construct mathematical concepts before analysis of the concepts can occur. Dienes’s
framework is popular with mathematics educators due to its constructive nature, as it
includes the building of concepts in order to learn the basics and then progress in

mathematical learning; Dienes’s contribution to mathematics education, the six stages of
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mathematical learning, is ranked with the contributions of Piaget and Bruner (Gningue,
2016).

MML provides students with the basics of a problem, what information is given
and what is being looked for, and then continues with students following through with the
remaining steps. For instance, two points on a coordinate plane may be given, and the
slope may be asked about (Pearson, 2015). The students must determine what rules are
being used to fit the situation, and then how the information is similar to or different from
previous learning. For example, students may ask themselves, “If a line is drawn, what
does the line represent?”” Students must then decide if the slope is related to something
that they have done before. They may consider questions such as the following: “What
rules can be written to form the problem, if we are talking rise over run, how can that be
indicated? If we can show rise over run on the graph, how can we now write it as a
problem that can be solved?” Where Dienes’s (1959) theory initially worked with the
hands-on manipulative nature of mathematics, MML provides the technological version
of the six stages of mathematical learning. MML takes students through the process of
discovery such that they begin with the basics and build from that point (Pearson, 2015).

Nature of the Study

Using a sequential explanatory mixed methods approach, I examined how
nontraditional students’ use of the Knewton Adaptive Learning component of MML
influenced their attitudes toward the use of technology and mathematics in a blended
mathematics classroom. The mixed methods approach was selected because it provided a

more robust look at the data and what influences nontraditional students’ attitudes toward
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technology in the mathematics classroom. Johnson and Onwuegbuzie (2014) stated that
mixed methods provide both qualitative and quantitative formats, which, when combined,
produce an approach that is not restrictive or constraining, allowing the researcher to be
eclectic in thinking about and conducting the study. The quantitative analysis of students’
attitudes toward mathematics gave insight into the components that influence
nontraditional students’ success when using the Knewton Adaptive Learning component
of MML by analyzing the components that were used the most by the students.
Interviews with nontraditional students gave additional insight into the components of
MML that they felt improved their attitudes toward mathematics that were not considered
with the scales used. Additionally, interviews with professors of nontraditional students
addressed any effect that MML use had on nontraditional learners in regard to technology
in the classroom and how professors saw students using the technology to learn
mathematical concepts.

The ATMLQ was used when surveying the nontraditional students participating
in the study. This public domain tool measures the attitudes that students have not only
toward math, such as “It takes me longer to understand mathematics than the average
person,” but also toward the use of technology (both mathematics technology and
computer confidence), such as “When I have difficulties using a computer, I know I can
handle them” and “I like the idea of exploring mathematical methods and ideas using
technology.” All three scales were used in the study because they provided different

outlooks on each component of the study. Students’ attitudes toward mathematics, as well
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as their use of technology in the blended mathematics classroom, may indicate
confidence in using computers, as well as student attitudes toward technology.

The ATMLQ measures attitudes toward situations where technology is used to
learn mathematics with a 34-item, 5-point scale, composed of brief descriptions of
various situations that reflect the use of mathematics with and without technology. This
inventory, developed by Fogarty et al. (2001), is for respondents ages 18 years and older
and has been in use since 2001. Additionally, follow-up interviews were conducted that
allowed participants an opportunity to discuss how they perceived the influence of the
Knewton Adaptive Learning component of MML on their attitudes toward the use of
technology. Interviews were conducted with the professors who chose to participate in
the study, to discuss how the instructors perceived the influence of the Knewton Adaptive
Learning component of MML on students’ attitudes toward mathematics.

Definitions

Adaptive learning: A method of learning and teaching that addresses the specific
concerns of the learner while detecting patterns of successes and failures in order to
choose appropriate content (Henson, 2014; Johnson & Samora, 2016).

Attitude: The affective domain of noncognitive thought regarding emotions,
attitudes, beliefs, and values (DeBellis & Goldin, 2006).

Knewton Adaptive Learning: A personal tutor that uses individualized instruction,
assessment, feedback, and remediation for students while they work on the topics

assigned (Knewton, 2018).



13
MyMathLab (MML): Pearson’s online learning platform that utilizes Knewton

Adaptive Learning for mathematics classes that use Pearson’s mathematics books.

Nontraditional students: Students who are older than 25 years of age attending
college for the first time. These students also have time constraints due to family and
work obligations (National Center for Education Statistics, 2014).

Self-paced blended classroom: A classroom that uses both instructor-based
learning as well as online learning components. The work completed in the class is done
at the pace required by each student, with a set learning/work outcome required
(Balentyne & Varga, 2017).

Assumptions

Assumptions are facts that are considered true but not verified, as stated by
Marshall and Rossman (2014). Assumptions support a study using a clear and logical
rationale (Marshall & Rossman, 2014). Two assumptions were made for this study. First,
nontraditional students were honest in their completion of the survey tool. Second, in
interviews, nontraditional students were open and honest regarding their feelings,
intentions, and outlook toward the questions. The need for open and honest dialogue was
shown through the synergistic relationship between technology and learning, where
technology provides the means to new teaching strategies that could not otherwise be
implemented (Schmid, Bernard, Borokhovski, Tamim, Abrami, Surkes, & Woods, 2014).

Scope and Delimitations
The scope of the study involved understanding the difference between

nontraditional students’ use of the Knewton Adaptive Learning component of MML in a
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blended mathematics classroom and their attitudes toward the use of technology and
mathematics gathered through analysis of the data collected from the ATMLQ survey.
Additionally, information gathered through interviews focused on students’ perceptions
of the influence of the Knewton Adaptive Learning component of MML on their attitudes
toward the use of technology as well as their professors’ perception of the influence of
the Knewton Adaptive Learning component of MML on students’ attitudes toward
mathematics.

The boundaries of the study fell within three aspects: The focus was on college
developmental math classes and beginning-college-level mathematics classes; the
population focused on nontraditional students over the age of 25; and the classes needed
to require the use of the MML program. Additionally, the classes selected were in a self-
paced, blended format that required both in-class instructor driven components as well as
online work with MML. Participants needed to complete the ATMLQ survey.

Potential generalizability falls within three areas. First, the population was solely
from the United States, allowing for broader representation of nontraditional students.
Second, the participants were from a variety of majors. Last, the ATMLQ survey was
designed for students over the age of 18 years, which provided specific and overall
results appropriate to nontraditional students’ attitudes toward the use of technology and
mathematics.

Limitations
Limitations are possible weaknesses or shortcomings that can affect the

trustworthiness of a study (Marshall & Rossman, 2014). A limitation of this study was
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the population that was used. In this study, I focused on nontraditional students who were
older than 25 years of age attending a local community college for the first time. These
students also had time constraints due to family and work obligations that might have
limited their willingness to participate, so no additional time was taken from these
obligations. These participants might not accurately represent a larger population.
Additionally, a limitation of this study was the transferability of the population used. The
nontraditional students in the study represented an East Coast population that resides in
suburban and urban areas. Therefore, caution should be used when generalizing the
findings beyond the research.
Significance

This research filled a gap in understanding how nontraditional students’ attitudes
toward the use of technology and mathematics in a blended mathematics classroom were
influenced by nontraditional students’ use of the Knewton Adaptive Learning component
of MML. This study addressed the growing group of nontraditional students who
frequently struggle in the math classroom (Tennant, 2014). The findings of this study
may provide insight into the struggles and attitudes toward the use of technology and
mathema