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The increased use of educational technology has raised questions about technology equity in 
mathematics education research and pedagogy. This paper provides a subset of findings from a 
larger systematic review, which aims to investigate literature on equity and personal device use 
in undergraduate mathematics courses from 2009-2023. For the systematic review, literature 
was searched and screened for information on personal device access, utilization, and outcomes. 
This paper reports on the subset of findings specific to the utilization of video resources in 
mathematics classes. Through the synthesis process variable information regarding student 
outcomes and student perceptions of use was pulled from 82 studies. Findings suggest that the 
use of video resources correlates to either higher academic outcomes or no difference in 
academic outcomes. Additionally, student perceptions suggest that video resources can afford an 
equitable educational experience in a variety of ways, but elements of distraction and 
communication can serve as limitations.  
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Technology use in the teaching and learning experience has become more ubiquitous since 
the turn of the century (Meehan & Halmun, 2016), especially in the form of utilizing personal 
devices, such as laptops, tablets, or smartphones (Galanek et al., 2018). Mathematics education 
scholars have raised questions about the implications of personal device use in terms of equitable 
education. To investigate the research on equity and technology in the literature Hennesey & 
Dunham (2008) published a research synthesis, Equity and use of Educational Technology in 
Mathematics. The results suggested individual students’ access to technological devices varied 
by household and utilization proficiencies differed by identity traits, such as gender. Hennessy 
and Dunham concluded that a variety of factors are intertwined into answering questions 
involving equity and device use, including levels of access and how the technology is being 
integrated into the mathematics curriculum.   

Since the publication of Hennessy and Dunham’s 2008 research synthesis technology use in 
the classroom has undoubtably changed over time. For example, during the early 2000s home 
and school technology access was limited (Swain & Pearson, 2002). However, personal devices 
have become more commonplace in society at large over the last two decades. A new population 
of students, known as digital natives, are now navigating higher education with a variety of life 
experiences involving technology (Filippi & Agarwal, 2017; Galanek et al., 2018). This shift in 
the undergraduate population, as well as the gap in time since the last research synthesis, 
motivated a large systematic review project analyzing more recent literature on personal device 
access, utilization, and outcomes for undergraduate mathematics students. The results for this 
paper focus on a subset of the systematic review results, utilization of mathematics video 
resources on personal devices. Utilization is synthesized in terms of both student perceptions of 
the video resources and the relationship to student outcomes.  
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Framework 
Fennema’s (1990) equity framework, accommodated by Hennessy & Dunham (2008) for 

technology-specific research, was used in this review. This framework navigates literature on 
equity and technology in mathematics with three lenses: access, utilization, and outcomes. The 
access component explores mathematics students’ access to personal devices and the affordances 
and barrier that may exist around device access. Personal device utilization encompasses the 
differing uses of personal devices and their affordances and limitations in mathematics. The 
multitude of resources available through personal devices have the potential to accommodate a 
variety of students’ learning needs, which is necessary for equitable education (Tan et al., 2019). 
Student outcomes can also be used as measurable data for statistical analyses in research. This 
review addressed outcomes in terms of improved learning outcomes and retention rates, both of 
which are important for investigating equity in education. This paper reports findings using the 
utilization and outcome portions of the framework.  

Research Question 
1) In the literature since 2009, what are the results surrounding undergraduate mathematics 

students’ video resource utilization in terms of student perceptions and outcomes?  

Methodology 
There are four steps in the systematic review methodology: searching, screening, extracting 

the data, and synthesis & analysis. In order to search and screen the literature inclusion and 
exclusion criteria must first be created.   

Inclusion/Exclusion Criteria  
Literature inclusion and exclusion criteria were established through the SPIDER framework 

(Cooke et al., 2012), which comprises the following elements. 
Sample. The sample of interest within the literature is undergraduate students using personal 

devices in mathematics courses.  
Phenomenon of interest. The phenomenon of interest is student access and utilization of 

personal devices in undergraduate mathematics courses. Personal devices in this review include 
tablets, computers, and smartphones. Research on calculators is beyond the scope of this review.  

Design. This review incorporates qualitative, quantitative, and mixed methods studies 
through content analysis and Miles & Hubermann’s (1994) synthesis methodologies.  

Evaluation. Studies were first reviewed to establish the variables for evaluation within 
access, utilization, and assessment. For the systematic review the access variable was used to 
evaluate levels of access and barriers to access. Utilization was evaluated in terms of the type of 
personal device utilization, student perceptions on the device utilization, and the relationship to 
student outcomes in undergraduate mathematics courses. Outcomes involved both student 
learning outcomes and retention rates.  

Research type. This review included empirical research with quantitative, qualitative, or 
mixed methods methodologies. Peer reviewed literature and grey literature (dissertations, 
conference proceedings, etc.) were included and found through the search and snowballing 
process.  

Searching 
The goal of the searching process was to find literature involving undergraduate mathematics 

students’ personal device access, utilization, and outcomes. Literature published between 2009-
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2023 was searched, to prepare an updated synthesis since Hennessy & Dunham’s 2008 
publication. ERIC (EBSCO Host), Education Source (EBSCO Host), and The International 
Journal of STEM Education and PRIMUS, through the University of New Hampshire PRIMO 
system, were searched to find the 27 foundational studies before snowballing, otherwise known 
as the start set. The searching methods included Boolean operators with synonyms found either 
on the ERIC thesaurus or through discussions with colleagues. The search string included four 
sections, (personal devices) AND (mathematics education) AND (equity) AND (undergraduate 
students). Each section included a list of synonyms for search terms, separated by OR to find a 
greater variety of literature.  

Screening 
Two types of screening were completed for this systematic review: title/abstract screening 

and full text screening. Studies found through the search terms and systems previously 
mentioned were screened using the SPIDER framework’s inclusion/exclusion criteria. Three 
rounds of snowballing (forward and backwards) were completed on the 27 foundational studies 
to find additional literature for inclusion in the systematic review. Through the screening of 
17,196 studies, a total of 357 were found to meet all inclusion criteria and were synthesized in 
the systematic review. The 27 foundational studies in the start set were then reviewed to establish 
how the literature discusses access, utilization, and outcomes to establish synthesis variables for 
extraction. For example, studies discussed resources utilization in terms of who assigned or 
chose the utilization (teacher vs. student choice) and student perceptions of the utilization. 
Therefore, utilization variables included sub-variables for data extraction of “assigned vs. 
choice” and a “student perception”.  

Data Extraction 
After establishing the variables of interest within access, utilization, and outcomes, data was 

extracted from each study using data extraction forms (Briner & Denyer, 2012). Variable data 
and general literature data, such as country and methodology of research, were extracted to 
supply some background information on the included studies.  

Data Synthesis and Analysis  
Synthesizing literature is a process of aggregating the results of multiple studies to establish 

new knowledge about a phenomenon of interest in the field (Campbell et al., 2003; Denyer & 
Tranfield, 2009). Literature was first synthesized in this review by looking for common themes 
or results amongst the data extraction forms. It was then analyzed through cross case data 
analysis methods and content analysis. 

The Miles and Huberman methods involve coding results and establish themes amongst those 
codes (Dixon-Woods et al., 2004; Miles & Huberman, 1994). This process was used when 
aggregating and synthesizing results surrounding student perceptions of video utilization. For 
example, some student perception codes included “Flexibility, mobility, can learn anywhere, 
helpful for pacing learning, can pause videos, can rewind videos, and can split into smaller 
learning chunks”. Codes were grouped together into the theme “Flexibility and Pacing for 
Learning”. Content analyses were also conducted to count frequences of variable information 
occurrences amongst the results of each study (White & Marsh, 2006). 
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Results 
Of the 357 studies synthesized for the systematic review project 86 use qualitative methods, 

144 used quantitative methods, and 127 used mixed methods. Additionally, studies were 
conducted in 52 different countries. Through synthesizing and analyzing the studies for this 
review, six major categories of utilization were found amongst the literature: online learning 
modality, the flipped classroom, video resources, online homework/practice problems, 
communication, and additional tool interventions. Please note the results reported in this paper 
are a subset of the larger results and focus only on the utilization of video resources. 

Utilization Perceptions & Outcomes of Video Resources 
This section reports results surrounding video resources, from 82 studies, in terms of both 

student perceptions and student outcomes. Video resources include videos made by the 
instructor, class recordings, and supplemental videos, such as YouTube or Kahn Academy.  

 Student perceptions. Student perceptions on the utilization of video resources with personal 
devices were investigated in 75 studies. Table 1 outlines the different student perceptions and the 
larger themes that they fit into (underlined). Frequency counts through a content analysis were 
taken in order to display how many studies reported a given perception, affordance, or limitation. 
While some studies reported a general liking or positive perception for video resources, counted 
in the positive perception frequency count, others went further detail about the elements of video 
resources that students found useful or limiting. A perception, affordance, or limitation was 
included in the table if it appeared in at least two studies.  
 

Table 1. Student Perceptions of Video Resources   

Theme                
Subcategory/Perception  Study 

Affordances or Positive Perceptions Frequency 
75 

Flexibility and Pacing for Learning  25 
Flexibility or Mobility  10 
Helpful for Pacing Learning 10 
Pausing & Rewinding Features Useful  11 
Can Split into Smaller Learning Chunks 3 
Modes of Representation and Engagement 8 
Visual Aids in Videos  7 
Multiple Modes of Representation & Engagement   3 
Supplemental Learning  16 
Improved Confidence on Prerequisite Knowledge/Closed Learning 
Gaps  

6 

Students Found Supplemental Videos Useful  9 
Makes Math More Enjoyable 3 

 
Limitations or Negative Perceptions 7 

Need for More Communication with Instructor or Other Students 5 
Distraction or Lack of Motivation Using Technology  2 
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Throughout the literature undergraduate students reported both positive and negative 
perceptions for using video resources for learning mathematics. Positive perceptions include 
themes of self-pacing and learning flexibility, videos providing multiple forms of representation 
and engagement for learning, videos affording additional supplements for learning, and videos 
making mathematics more enjoyable. Negative perceptions included students wanting more 
direct communication with peers and instructors for collaborative learning and a general lack of 
motivation or distraction using personal devices to watch mathematics videos.  

 
Student learning outcomes and retention. Student learning outcomes for the systematic 

review were assessed in one of three ways: better outcomes with device use, no difference in 
outcomes, or better outcomes with control group (no device use or less frequent device use). 
Also note that the assessment to measure learning outcomes varied by study. For instance, some 
used exam scores, while others used final grades. In the review 22 studies investigated video 
resources and learning outcomes. Some compared video resource use to no resource use, while 
others looked at frequency of use. Figure 1 shows the frequency of study results in terms of the 
three possible outcomes.  

 

 
Figure 1. Video Resources and Learning Outcomes Results Amongst Studies 

In the studies examined, the results suggested that groups who utilized video resources either 
had higher academic outcomes or no difference in academic outcomes compared to the control 
groups. The same was true when comparing the higher frequency use group to the lower 
frequency use group. Only one study reported on retention rates in relationship to video resource 
use and suggested that video resource use was related to higher retention rates than the control 
group, implying that students were more likely to drop out of the course if there were no video 
resources available for learning in the course. 
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Discussion 
Systematic reviews can afford both scholars and educators a better idea of the existing 

knowledge within the field and assist with future research and pedagogical choices (Briner & 
Denyer, 2012). This section will provide an overview of the findings from this part of the larger 
systematic review, how they may impact the field of mathematics education, and the limitations 
to the study. 

The literature in the systematic review was from 52 countries around the world, suggesting it 
is an area of interest for scholars at a global level. Additionally, all three empirical 
methodologies were used amongst the literature: qualitative, quantitative, and mixed methods. 
These multiple methodologies afforded a variety of data types for synthesis and analysis and 
suggest there is no one way to investigate personal device use in undergraduate mathematics 
courses.   

Video Resource Utilization  
While six categories of utilization were established in the systematic review project, this 

paper only focused on personal device utilization for video resources. In terms of student 
perceptions there were more papers reporting positive perceptions or affordances than negative 
perceptions or limitations. According to the literature, students found video resources useful for 
flexible, paced learning practices, multiple modes of representation and engagement, such as 
visual aids, and closing learning gaps. In turn, student participants in the literature reported 
feeling easily distracted while using personal devices and wished for more live communication 
with others while learning, which the videos could not provide. Learning outcomes were either 
higher with video resource interventions or there was no significant difference. These findings 
are significant for educators when deciding what resources to provide or encourage students to 
utilize in mathematics learning. Students may be more likely to utilize video resources than 
others because of the positive perceptions and ability to pace for student agency over learning. 
The research suggests video resources do not hinder learning outcomes and may even improve 
them. Additionally, student participants reported many video resource affordances that align with 
equitable educational practices. The affordance of multiple modes of representation and 
engagement is beneficial for diverse learning needs, which supports equitable learning practices 
(Tan et al., 2019). The process of closing learning gaps, reported by students in multiple studies, 
is equitable because it provides the ability for students to achieve a similar starting line. Students 
found videos to be beneficial for self-pacing and splitting into smaller learning chunks as well. 
These student-made learning decisions can promote learner autonomy, a skill known to be 
necessary for undergraduate learning and career development (Caprara et al., 2008; Zimmerman, 
2008).  

Given these findings amongst studies, educators may want to include video resources for 
their mathematics students. By providing supplemental resources that students generally enjoy 
utilizing, and find useful for learning, pacing, and multiple modes of representation, students 
may be able to learn mathematics in a more equitable, inclusive way. Furthermore, the review 
found either no change or improves academic outcomes with video resource use, suggesting that 
video utilization has the potential to improve mathematical learning. However, the synthesized 
findings indicate some cautionary measures should be taken, such as still maintaining educator-
student communication and being aware of the potential for distraction while on a personal 
device. Educators may be able to accommodate students’ communication needs by opening new 
avenues for inquiry, such as a discussion board, to assist with questions or concerns that may 
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arise while watching videos. Additional research can be done to further investigate how to 
address elements of distraction and focus with personal device use as well.  

Limitations 
Synthesizing data from studies with multiple methodologies can be difficult in a systematic 

review (Mays et al., 2001). While the techniques for data synthesis and analysis in this study 
afforded the ability to aggregate qualitative, quantitative, and mixed methods data, the analysis is 
not as robust as more rigorous statistical methods, such as meta-analysis. Hence, assumptions 
made from the findings should be made with caution. The methodology for searching in a 
systematic review is used to find the most literature possible on a given topic or phenomenon. 
The process of snowballing was used to find a large variety of research findings and grey 
literature, but note it is not possible to complete a fully exhaustive search, so other studies on this 
topic may still exist outside of this review.   

Conclusion 
This paper includes a subset of findings from a larger systematic review project on personal 

device use in undergraduate mathematics classes. Literature was searched and screened for 
evidence of findings involving the three elements of Fennema’s (1990) equity framework: 
access, utilization, and outcomes. Through review synthesis and analysis, results regarding 
personal device video resource utilization student perceptions and video resource outcomes were 
discussed. Video resources were utilized in 82 studies, with results regarding both student 
perceptions and student outcomes. Students reported affordances involving equitable benefits, 
such as multiple modes of representation, self-pacing, and closed learning gaps. However, 
students also reported negative perceptions involving elements of distraction and lack of 
communication. Student learning outcomes were either improved with video resources or no 
difference was found.  

This review is beneficial for both research and pedagogy. Scholars can use the information to 
further investigate ways to improve upon the limitations reported and find elements of video use 
that are most beneficial to learning. Educators can use this review to inform decisions around 
personal device access and utilization within the classroom. The findings suggest a general 
student liking and perception of usefulness, as well as unchanging or improved academic 
outcomes. Therefore, providing video resources for student use may be beneficial to both student 
enjoyment of mathematics courses, as well as mathematical understanding. However, educators 
should take caution with providing meaningful communication outside of video use, and the 
potential for distraction.  
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