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Abstract

The purpose of this systematic review was to evaluate contemporary literature related to the impact of
technology on student success for postsecondary mathematics courses. The aim of this review was to provide a
comprehensive understanding of the extant literature concerning’s student success in mathematics for
higher-education students. A series of seven databases were accessed across the past five years, which resulted in
fourteen key studies. The findings of this study demonstrate the current knowledge and recommendations for
future researchers. Technology was elucidated as a meaningful approach for increasing student success, course
grades, and retention. However, a critical need for future empirical assessments was elucidated.

Keywords: technological and education, mathematics education, postsecondary education, technology impact on
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1. Introduction

Technological inclusion within the classroom originated in the early 1970s (Davison & Lazaros, 2015). The
increased reliance towards technology as a tool outside of education led to researcher focus on the impact within
the classroom. Initial assessments were primarily guided towards K-12 classrooms, which failed to provide an
understanding of the impact of technology within higher education (Davison & Lazaros, 2015). As a result,
technological based instructional design was incorporated mainly as a tool for instruction. However, since the
early 1970s, technological tools and paradigms for inclusion within instruction has greatly improved (Esteves et
al., 2017; Davison & Lazaros, 2015).

The inclusion of technology within mathematics was originally fostered as a unique approach to addressing poor
student outcomes. However, researchers and educators noted that only a few tools are used for technological
integration within mathematics courses. Overall, the understanding of the use of technology for student
outcomes in mathematics classes is lacking in the extant literature. As such, the purpose of this systematic review
was to establish the contemporary literature in the past five years (e.g., 2016-2020) to establishes the known
impact of technology upon math literary in postsecondary courses. For this purpose, two key research questions
were posed:

(1) What is the current assessment of technology use for postsecondary math?
(2) What are the most commonly used forms of technology for postsecondary math classrooms?

(3) What are the current known student learning outcomes for technology use in postsecondary math
classrooms?

In this article, a systematic review is provided to address these research questions. However, first, a discussion of
the background to the inclusion of technology in mathematics is provided.

2. Background
2.1 Technology in the Classroom

Technological inclusion in the classroom is noted to impact a variety of student outcomes, such as engagement,
literary, and critical thinking and problem-solving skills (Marinagi, Skourlas, & Belsis, 2013). The inclusion of
technology can be framed as how Davison and Lazaros (2015) considered the shift to technology in the
classroom as “knowledge procurement to a more interactive form of learning (p. 31).” For 21% century students,
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technology ranges from mobile tablets to classroom specific technological aids (Marinagi et al., 2013). The
technological environment for some classes may include gaining knowledge from the internet and using web
applications, computers, phones, and tablets to communicate with peers and educators (Marinagi et al., 2013).

However, the form of technology and the level of usage and reliance is highly dependent upon the classroom, the
educator, and even the university setting (Esteves et al., 2017). One example of technology use variation was
provided by Esteves et al. (2017) review of higher education applications, which included games for retention
that were played on student iPhone. Esteves et al. (2017) noted that students found mobile games to be engaging
and also added to the retention of the classroom subject matter. Variations of student technology use in higher
education includes blogging (Garcia, Moizer, Wilkins, & Haddoud, 2019), Google Classroom for online learning
(Kumar & Bervell, 2019), and online project 3D modeling for science classes (Torio, 2019).

2.1.1 Mathematics and Technology

Students in higher education notably struggle with the demands of math courses (Aldon, Hitt, Bazzini, & Gellert,
2017; Driskell et al., 2018). Resultantly, literature reflects a continued focus on educator professional
development (Driskell et al., 2018), improving class objectives and course clarity (Garrett et al., 2019), and more
recently focusing on technology inclusion for improving student learning (Ball & Barzel, 2018; Garrett et al.,
2019).

However, literature demonstrating the outcomes of student learning for higher education math students is less
abundant in reviewed literature (Holzberger et al., 2020). Yet, preliminary findings suggest that technology is
central to increasing student engagement, course grades, and overall math literary (Cohen & Kelly, 2019).
However, the general format of technology usage, the outcome on student grades and literary, and the most
commonly used form of technology is generally absent from academic assessments.

As a result, there is a noted need to understand the outcomes of technology based on the reported findings of
previous researchers. Ideally, understanding the contemporary status of technology use for student outcomes in
higher education math classes will further delineate new framework for future researchers.

3. Methods and Materials

For this study, the data collection and analysis methods were based on the guidelines of Petticrew and Roberts
(2006) systematic review framework. For this assessment, the following research questions were first delineated:

(1) What is the current assessment of technology use for postsecondary math?
(2) What are the most commonly used forms of technology for postsecondary math classrooms?

(3) What are the current known student learning outcomes for technology use in postsecondary math
classrooms?

3.1 Data Collection

For the purpose of this study, a systematic review using the framework of Petticrew and Roberts (2006) and the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow guideline was adapted.
The research questions provided were framed by a preliminary investigation of the known literature. The gaps

noted in the reviewed literature framed the guiding research questions and aided in the established search
strategy.

3.1.1 Search Strategy

For this study, the key databases assessed included, ERIC, EBSCO Host and Database, SCOPUS, Science Direct,
Directory of Open Access Journals, JSTOR, and Web of Science. The following keywords were defined for

searching within each of the databases: education and technology, “OR” higher education and technology,

“AND” higher education math and technology, “AND” student outcomes “AND” higher education math, “AND”
student outcomes “AND” mathematics “AND” technology.

In addition to a set of databases and keywords, a series of inclusion criteria were established:
(1) Publication from the past five-years (e.g., 2016-2020)
(2) English language
(3) Full text available
(4) Must assess higher education, mathematics, and technology
The reasoning for these specific guidelines was to ensure that the contemporary data was accessed. Additionally,

a preference to English language was provided to mitigate possible translation bias or error for non-English texts.
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Finally, full text only was included as a means of ensuring that the researcher could explore the findings, results,
and implications as reported by each author.

4. Results

The results of this study demonstrated 169 studies. However, 12 studies were eliminated from the findings due to
failure to meet the established criteria delineated for this study. The PRISMA flow guideline is demonstrated in
Table 1. The results of the PRISMA systematic review is presented as organized by each research question,
which are presented by the first research question in the following section.

Table 1. PRISMA Analysis Results

Identification Keywords Education and technology, “OR” higher education and technology,
“AND” higher education math and technology, “AND” student
outcomes “AND” higher education math, “AND” student outcomes
“AND” mathematics “AND” technology.

Database Studies
EBSCO Host 95
and Database

Web of Science. 45
ERIC 130
SCOPUS 120
Science Direct 120
JSTOR 135
Directory of 185

Open Access Journals
Screening Studies identified through databases (n = 830)
Duplicate studies removed (n = 120)
Studies screened (n =710)
Studies excluded that did not meet criteria (n = 169)
Synthesis Studies included for synthesis (n = 12)

4.1 Technology Use in Postsecondary Math

The first research question posed in this study addressed: (1) what is the current assessment of technology use
for postsecondary math? Resultantly, 12 studies were identified that met the inclusion criteria for this study
(Table 2). A dearth of the reviewed literature focused on systematic reviews that were specific towards the course
or field, such as STEM based degrees (Abramovich et al., 2016; Ralph, 2016). Secondly, researchers Buteau and
Muller (2017) demonstrated that technology is key for mathematics courses, specially programming based
courses. However, the student outcomes regarding course grades and literacy was not reported by Buteau and
Muller (2017).
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Table 2. Technology Use in Postsecondary Math

Author Key Results and Context

Ralph, 2016 Systematic review of STEM outcomes using technology. Positive results
for technology use.

Buteau & Muller, 2017 Review of assigned undergraduate projects in mathematics programming
courses. Benefits elucidated for coding programs.

Dani & Nasser, 2016 Established positive effects for online tutoring in math courses.

Bond, 2016 Explored impact of online learning communities for math courses in
university contexts.

Abramovich, Burns, Explored STEM outcomes for technology usage, such as graphic

& Campbell (2016). calculators and desktop programs specific to the course.

De Araujo, Otten, Ilustrated positive student outcomes for online homework and in-class

& Birisci, 2017 activities.

Buch & Warren, 2017 Demonstrated positive student outcomes for flipped classroom with
technology

Chen & Wu, 2020 Ilustrated positive student perception of technology integration for
remedial math students.

Tobin, Weiss, & Ilustrated that CAS technology was effective for mathematics students.

Vida, 2016

Levi, Chahine, Garett, & Demonstrated positive student outcomes through technology in math

Wang, 2016 courses

Elli et al., 2020 Explored narrowing achievement gap through technology in science and

math courses.

Focus was also placed towards online services for math courses, such as tutoring of math courses in online
portals or through community peer groups for each class (Bond, 2016, Dani & Nasser, 2016). Multiple authors
also demonstrated that the flipped classroom model was effective for student outcomes and learning in math
courses (Buch & Warren, 2017; De Araujo, Otton, & Birisci, 2017). Chen and Wu (2020) also demonstrated that
technology is essential to improving math grades for students in remedial courses.

Literature also reflected that achievement gaps can be reduced through the incorporation of technology within
science and math classes (Eli et al., 2020). Further, Levi, Chahine, Garrett, and Wang (2016) demonstrated that
the use of technology in math courses encourages active learning, retention, and engagement. However, barriers
to technology usage, such as professor disregard, was also noted (Tobin, Weiss, & Vida, 2016).

4.1.1 Common Forms of Technology in Math Classrooms

The second question posed in this study, was (2) what are the most commonly used forms of technology for
postsecondary math classrooms? Resultantly, four key studies revealed information specific to this question.
However, reporting’s regarding the specific technology was notably absent in the remaining eight studies
identified in the systematic review (Table 3).

Table 3. Commonly Used forms of Technology

Author Key Results and Context

Buch & Warren, 2017 Pre-recorded videos

De Araujo, Otten, & Birisci, 2017 Demonstrated the use of online homework and in-class activities
through a computer program specific to the university.

Tobin, Weiss, & Vida, 2016 Graphic calculator usage

Levi, Chahine, Garett, & Wang (2016) Homework support and tutorials in online formats

The most commonly reported technological method was the use of online portals for homework, communication,
and peer work (Buch & Warren, 2017). Buch and Warren (2017) reported the use of pre-recorded videos to
successfully aid students struggling in math courses. Similarly, De Araujo, Otten, and Birisci (2017) and Levi,
Chahine, Garett, and Wang (216) identified that online homework through a math specific software aided student
in retention and engagement. Finally, Tobin, Weiss, and Vida (2016) reported use of graphical calculator for math
classes; however, barriers were noted to professor willingness to incorporate calculator technology.
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4.1.1.1 Student Outcomes for Technology Use in Math Courses

The final research question, addressed (3) what are the current known student learning outcomes for technology
use in postsecondary math classrooms? Resultantly, five studies were identified that provided information
regarding student learning outcomes (Table 4).

Table 4. Student Outcomes for Technology use in Postsecondary Math Courses

Author Key Results and Context
Buch & Warren (2017) Explored student outcomes for technology usage in a flipped classroom for
mathematics courses.

De Araujo, Otten, & Ilustrated positive student outcomes for online homework and in-class activities.
Birisci, 2017
Chen & Wu, 2020 Student perception of course usefulness and perception of technology improved

in remedial math courses. Post-tests were also higher for integrated courses.
Levi, Chahine, Garett, & Student post-tests increased as well as engagement and active learning.
Wang (2016)
Elli et al., 2020 Demonstrated a reduced achievement gap through technology in math

and science courses

The use of technology in math courses proved for the reviewed authors to positively impact student learning
outcomes and grades (Buch & Warren, 2017; Chen & Wu, 2020; Elli et al., 2020; De Arujo et al., 2017; Levi et
al., 2016). Researchers Buch and Warren (2017) provided a key assessment of the outcome of technology on
student learning through a review of questionnaires provided to students that were in technology integrated math
courses. The authors also explored student performances based on grade outcomes. Resultantly, 60% of the
participating students reported high satisfaction with the course. Further, 92% agreed that technology inclusion
was important within a flipped classroom design. Buch and Warren (2017) also reported that grades for the
technology classroom were 10% higher than the traditional lecture style classroom for math courses. Similarly,
Chu and Wu (2020) also demonstrated that integrated methods for remedial math increased student post-test
scores

Student outcomes were also noted to be connected with retention and engagement. De Araujo et al. (2017) noted
that the inclusion of online homework and a specialized math software was effective for student perceptions of
learning and retention within math. Levi et al. (2016) also illustrated that factors of active learning, engagement,
and retention are increased with technology inclusion.

Active learning was also increased through the inclusion of technology. Research from Eli et al. (2020) also
found that active learning, through technology and flipped classrooms can reduce the achievement gap for
undergraduate students. The authors explored data from 15 studies, which included 9,238 students. Through the
use of Bayesian regression analysis, achievement gap was decreased from 33% to 45%. Thus, indicating the
positive impact of technology upon student outcomes.

5. Discussion

The resultant findings from this systematic review demonstrated two central themes that may aid future
researchers as well as initiate continued discourse regarding the inclusion of technology within mathematics
courses in postsecondary education:

(1) Efficacy of technology for teaching student’s math
(2) Improved student outcomes for inclusion of technology in math courses

Technology was a noted critical mediator for improving the learning and engagement of students in math courses
(Abramovich et al., 2016; Ralph, 2016). Researchers further demonstrated that student outcome results were
furthered through the inclusion of technology Buch & Warren, 2017; Chen & Wu, 2020; Elli et al., 2020; De
Arujo et al., 2017; Levi et al., 2016). The findings demonstrated that inclusion of technology within the math
classroom can also serve to increase the active-learning processes of students, which can serve benefit students
that struggle in mathematics classes.

A key barrier to technology inclusion was also noted in reviewing previous literature. Educators in higher
education courses for math are noted to feel reluctant for inclusion of technology (Tobin et al., 2016). Tobin et al.
(2016) noted reluctance is in-part grounded in the concern that technology will reduce student ability to critically
solve problems.
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However, researchers Twigg (2011) noted that reliance on traditional educational models for math “increase the
likelihood that students will get discouraged and stop doing the work because they have no immediate support (p.
2). As such, future research must consider how technology can be used as an aid that both students and educators
find useful in the academic program.

However, limitations are also noted in reviewing the available literature within the past five years (e.g.,
2016-2020). In particular, there is a noted lack of explorations that transparently provide assessments from
qualitative or quantitative perspectives.

Instead, a reliance towards systematic reviews is evident in the previous literature. Such systematic reviews
provide a grounded framework for future research, but also fail to present empirical findings from primary data.
As such, three key recommendations for future researchers is evident from the review of literature.

(1) Qualitative assessments from educators regarding the benefits, shortcomings, and opportunities for
technology in higher education math classrooms

(2) Primary data collection using quantitative methods to assess correlation and causation of technology use
in higher education math classes with technology.

Researchers Nazarenko and Khronusova (2017) noted that “big data” in education can serve as both a benefit
and a challenge. However, in the push for improving student outcomes in math courses, primary data from
large-data sets would greatly benefit the current understanding of how technology benefits students in higher
education. The two key recommendations set forth from this study urge for explorations, both qualitative and
quantitative, to address the correlation and causation of technology use and student outcomes and to provide
detailed perceptions from students and educators.

7. Conclusion

The purpose of this systematic review was to establish the contemporary literature in the past five years (e.g.,
2016-2020) to establishes the known impact of technology upon math literary in postsecondary courses. As a
result, fourteen key studies were identified through the review of literature. The findings demonstrated positive
outcomes for technology inclusion in higher education math courses. Additionally, data demonstrated gaps in the
current literature. As studies remain focused towards K-12 education, researchers are recommended to consider
the needs of higher education students.
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