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Abstract: Technology in higher education is dramatically changing and continuously giving a challenging 

time for educators and institutions to provide the same level of innovative contents, environment and interaction 

to a digital native generation which is well powered with technology. It has been well observed and recognized 

that video lectures technology can have positive impacts on student learning and satisfaction however research 

on Mathematics intensive subjects have yet to be fully explored. This exploratory evaluation seeks to examine 

students’ experiences and perception on receiving lectures via a digital lecture technology, and to assess using 

statistical tools the benefits of those video lectures on student performance in a mathematics intensive subject for 

freshman students at the American University of Sharjah, UAE. The concept of introducing rich text format 

lecture capture technology in Mathematics subjects (Math for Business and Calculus 2) was rigorously analyzed 

on a total sample of more than 300 students over multiple semesters. Both control groups without using any form 

of technology and experimental groups with using the proposed technology were compared in terms of student 

acceptance and academic performance improvements. Both qualitative and quantitative analyses were used and 

the results are very promising. Students saw the added benefits and found the technology very useful. 

 

Keywords: Video lectures, lecture capturing, teaching and learning technology, innovative learning technology, 

student performance, mathematics teaching. 

 

 

Introduction 
 

In recent years, there have been a number of noticeable advancements in lecture delivery including the use of 

lecture capture technologies, wireless voting systems, digital tablets in classrooms, mobile applications, 

augmented reality tools, and virtual reality among others. Lecture Capture technology includes the recording of 

the classrooms or special event activities by using a combination of dedicated software and hardware. 

Recordings are stored digitally and available electronically for students or participants to learn, view and observe 

at a time convenient to them. Lecture capturing has been there for a while dating back to 1960s where it was 

used to record only audio lectures in UK. In 1980, Australian Universities started capturing lectures at a mass 

scale and in the 21st contrary Lecture Capture technology comes under a “should-have” category among most 

academic institutions. Many institutions around the globe are currently using or adopting the technology and a 

lot of research has already been in place on the same topic. Many studies discussed evident benefits of video 

lectures on the student’s learning experience in several contexts however different subjects at different academic 

levels pose several challenges in preparing and delivering such video lectures and result in different student 

acceptance and satisfaction.  Many universities have introduced a range of technological services to support 

students due to their changing nature in higher education. Students prefer flexibility options, diversity in 

delivery, and the opportunity to spare extra time before and after classes. Although many benefits have been 

recognized for lecture capture technology but still many lecturer and faculty argue that it could not be the 

replacement of the face-to-face learning depending on the subject being delivered and can only be used as an 

extra material to help students but not the replacement as in classroom there are many activities in which student 

are not able to participate if they don’t attend the class. To analyze some of the existing limitations of lecture 

capture, this study focuses on the applicability of video lectures in a technical mathematics subject that covers a 

number complex concepts which students have found difficult and its effects on student performance. 

To evaluate the effectiveness of our proposed approach, the video lecture technology was adopted with a total of 

136 university students enrolled in two major mathematics subjects: s for Business (Math 101) and Calculus 2 
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(Math 104) in fall 2016 and spring 2017 respectively. Math 101 covers coordinate systems and graphs, matrices, 

linear systems and applications, elementary linear programming, set theory, counting techniques, permutations 

and combinations, probability, and mathematics of finance. The subject emphasizes mathematical techniques and 

applications. Math 104 covers techniques of integration, hyperbolic functions, improper integrals, arc length, 

surface area, infinite series, power series, convergence tests, parameterized curves, polar coordinates, integration 

in polar coordinates and complex numbers. 

 

Four sections of the same subjects taught from 2013-2016 by the same instructor covering the same material 

with comparable exam difficulty levels were used as a control group. Average GPAs of the students enrolled in 

the both the control and experimental groups are usually similar over previous semesters eliminating any 

possibility of bias.  Mobile devices were adopted to enhance learners' experience, provide immediate access to 

information online, and provide enhanced hands-on learning. The empirical results demonstrate that the 

experimental condition, 5E mobile inquiry learning, had a positive impact on participants' learning motivation 

and scientific inquiry abilities. The rest of this paper is organized as follows. In Section 2, we provide a 

comprehensive review of related research work lecture capture technologies research in education. In Section 3, 

we provide our research methodology and approach. We present and analyze the results in Section 4 and 

conclude this paper in Section 5. 

 

 

Related Work 

 
Lecture capture technology has been used during the last decade extensively and there have been numerous 

research output analyzing both its implications on student attendance and its positive effects on student 

performance. Accessing video lectures after attending the lectures has been a norm for both normal students and 

also distance learners who do not attend the lectures physically as researched by the authors in (Woo, K. et al., 

2008). In general, students find video lectures very helpful as it gives them better time management beyond the 

normal classroom especially for students who might have other off campus responsibilities as discussed in a 

number of research papers (Soong et. al, 2006; Williams et. al, 2007; Gosper et. al, 2008). Handicapped students 

or students with learning disabilities tend to find video lectures way more useful compared to normal students 

since it allows them to go over the lectures during their free time in private settings over and over (Williams, 

2006). Also, students who are non-native English speakers find video lectures very helpful and useful especially 

if it can be combined with captions or tagged with keywords (Williams et. al, 2007; Leadbeater et al., 2013). 

Research on when students usually access the video lectures showed that they usually view lecture recordings 

more actively at the early stages of the academic year or semester and their involvement typically decreases 

linearly as we progress during the semester (Phillips, R. et al., 2011). Also, students usually see the added 

benefits of the video lectures just before major assessments or exams to supplement their written notes or teacher 

notes. Regarding the effects of video lectures on student performance or learning experience, there have been 

contradictory research results. For example, the authors in (Von Konsky et. al, 2009) discuss the positive usage 

of video lectures by top students to combine them with regular class material while (Phillips, R. et al., 2011) 

argue that there is a positive correlation between recurrent usage of video lectures and student motivation and 

performance. They also pointed out that the decrease in student attendance on campus since they have video 

lectures has minimal effect on their performance. On the other hand, there are a number of research work that do 

not see the added benefits for video lectures but on the contrary claim that they might even have negative effects 

on student learning including the works in (Leadbeater, W. et al., 2013). Overall, most studies agree that 

recorded lectures has little to no effect on student attendance (Holbrook et. al, 2009). On the other hand, the 

negative effects of video lectures and lecture capture technology in general were highlighted in (Gorissen et. al, 

2012). The reasons discussed included normal deteriorations in attendance over an interval, the development of 

students’ skills and reliance on technology and not being able to attend due to physical or mental disabilities. 

Regarding the percentage of students who would opt to use video lectures if they were available, there have been 

a number of research work that confirm that most students at different academic levels would chose video 

lectures over normal lectures notes in their course of studies (Inglis et. al, 2011). For example, both the authors 

in (Gorissen et. al, 2012) and (Soong et. al, 2006) collected results from surveys of more than 1000 students 

across several European universities and found that over 90% reported accessing video lecture recordings 

outside of campus and found them to be useful. Also, the authors in (Soong et. al, 2006) also found that video 

lectures did not discourage students to attend lectures and on the contrary encouraged them to attend and video 

lectures has a positive effect on student performance. There are majority of work conducted on different 

academic levels for different subjects and positive correlation between video lectures and academic performance 

was noted (Williams et. al, 2007). For example, (Gosper et. al, 2008) showed that about 3/4th of students believe 

video lectures helped improve their results, and even more students felt that video lectures made it easier for 

them to learn. Also, reduction in anxiety was reported by most students in (Traphagan et. al, 2009). With relation 

to studies on specific subjects and the acceptance of the students accordingly, several studies were conducted on 

medical students and the effects of video lectures on student performance on their Medical College Admission 
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Test (MCAT) results (Leadbeater et al., 2013). The results were not statistically different showing minimum 

improvements in using video lecture technology. Also, a survey conducted by the authors in (Owston et. al, 

2011) on about 1000 students in a social sciences subject found that the rate of access to recorded lectures was 

significantly related to student grades. In depth investigation also found that the more the students access the 

video lectures per month, the higher their grades were indicating the positive effects on student performance. 

Another subject that was investigated was a freshman and sophomore level Biology subject where the authors in 

(Holbrook, et. al, 2009) found that freshman students using video lectures were more expected to miss lectures 

than sophomore students. 

 

In a work that resonates with ours, the authors in (Craig et. al, 2009) analyzed the different options that several 

sophomore students used to access subject material online over two years. They found that after normal 

PowerPoint slides downloads, Rich Media formats (which synchronize Audio with PowerPoint in their online 

format) were accessed the most (22%), while whole video lectures which were available to students as well were 

accessed the least (10%). A major reason behind that was the perfect alignment of the teacher’s audio to the 

slides being presented allowing the students to move at their own pace slide by slide. Some other notable work 

includes the work by (Van Zanten et. al, 2012) where they researched students’ inclinations for short summary 

audio podcasts and full length video podcasts. They found that audio additions were downloaded more and 

students preferred them over normal video lectures. They used the audio formats to remind them of major course 

content to review before real exams and major assessments. Students noted that full length video lectures were 

sometimes time consuming and could become boring compared to direct access to slides and augmented audio.  

To conclude, most researchers agree that students find video lectures to be a useful and helpful and would 

probably increase their academic performance if used with conjunction with live lectures. There is an evident 

research gap on video lectures or PowerPoint slides augmented with audio on technical mathematical subjects 

and the corresponding effects on performance. 

 

 

Methods 
 

In this research work, we are primarily concerned with the following research questions:  

 

- What are the effects of augmenting PowerPoint slides with teacher’s audio and handwritten notes 

recorded during the live lectures on academic performance in Mathematics subjects?   

- What are the students’ perception of the video (slides + audio + notes) lectures? 

 

To attempt to answer the above research questions, we applied our proposed technologies on two different 

mathematics subjects over the course on one year (experimental group) and compared our results with the 

performance of students in previous semesters during the two years before (control group).  The experimental 

group consisted of 136 students and the classes were equipped with an audio recorded synced with the 

interactive screen, installed lecture capture software and a digital stylus. Once the lecture was recorded, the 

lecturer built the content to be uploaded on the university’s learning management system. Students were 

encouraged to attend the class as a regular face-to-face classroom and they were informed that these lectures will 

also be available online for them to review or in case they missed any lectures. During the whole semester the 

student behavior, performances as well as technology stability were monitored. In addition to the primary 

performance data, a descriptive survey was conducted to measure student satisfaction with the technology after 

the first exam and also at the end of the semester. The control groups consisted of the same subject (Math 104) 

taught by the same instructor over the last years and the performance of the students in the first midterm was 

collected and analyzed. A summary of our sampling size and data collection techniques used for both the 

experimental and control groups is summarized in table 1.  

 

Table 1. Data sampling 
EXPERIMENTAL 

GROUPS 

TITLE SAMPLE 

SIZE 

SEMESTER 

MATH 101 Math for Business 70 Fall 2016 

MATH 104 Calculus 2 66 Spring 2017 

 TOTAL 136  

 
CONTROL 

GROUPS 

TITLE SAMPLE 

SIZE 

SEMESTER 

 

MATH 104 

 

Calculus 2 

 

~ 250 

Spring 2013, 

2014,2015, Fall 

2014 
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Data was cleaned involving the removal of blank records.  Data was exported to SPSS where quantitative 

statistical analysis were conducted to determine whether findings were statistically significant and to find the 

associations between different items of the survey, when different items of the survey were cross-tabulated with 

the item which pertains to the overall satisfaction of students learning experience while using the proposed 

technology. A dedicated team along with instructional and technical staff in the Mathematics department at the 

America University of Sharjah, UAE worked on delivering the subject for the experimental groups. All recorded 

lectures presented the same experience as in the class. Students were able to see the notes as well as listen to the 

high quality audio attached to each slide. An example of what students were able to download and listen to is 

depicted in Figure 1. 

 

                     
(a)                                                                                       (b) 

Figure 1. Snapshot of student view of delivered lecture notes on (A) Math 101 And (B) Math 104 respectively 

 

 

Results and Findings 

 
Students largely perceived proposed method to be useful in aiding understanding and learning, both during the 

course and in preparation for assessment. It particularly helped the students understand lectures and revise 

content at their own pace.  On-line lectures helped students become familiar with the program’s websites and 

web resources and provided an opportunity to practice note-taking.  This innovative video lecture was regarded 

as a more effective use of time than face-to-face lectures. More specifically, the following results were collected. 

 

 

A. Reasons Behind Using the Video Lectures  

 

From the data collected from the survey at the end of the semester for Math 101 and after the midterm exam for 

math 104, 100% of Math 101 and 66% of Math 104 students indicated that they have watched or downloaded the 

video lectures at least once per week during the semester. For those who answered yes, the reasons behind that 

was spread between: being absent, helping in better understanding and to review for quizzes or major exams. 

Completing class notes was more dominant in Calculus compared to Mathematics for Business and the reasons 

behind that is related to the fact that calculus requires technical note taking and the time during lectures might 

not be sufficient to complete all note taking. The results for both experimental subjects are shown in Figure 2 

and 3. 

 

 
Figure 2. Reasons for using video lectures in mathematics for business and Calculus 2 respectively 
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Figure 3. Number of times per week video lectures were accessed 

 

 

A. Qualitative Data Collected from Survey 

Several parts from the survey requested from the students to explain their answers and what they saw positives 

or negatives about the use of the lecture capture technology.  

 

 

Usefulness: Most students agreed that the technology was very useful and one student mentioned that: “They 

helped if we missed an explanation or need it... They give immediate explanation to doubts, and are a nice way 

to review for the exams as everything important is mentioned in the videos” Another student explained that: “It 

helps people who work at a slower pace… because after a period of time you might forget the material so it 

helps you remember. They reinforce the thought explained in class.” 

 

 

Impact on Understanding: Regarding the impact on course understanding, most students agreed that using the 

video lectures has a very positive impact on their understanding of the material and one comment was; “They 

cleaned up some information which I found confusing at first...” Another student mentioned: “I felt I needed a 

recap.... They helped me revise my understanding and highlight the important tricks...”Another comment was: 

“It’s good because they give a second explanation. They allowed me to solve the questions alone and have 

explanation if I got the answer wrong” 

 

 

Impact on Grade: Most students believed the technology affected their grades positively.One comment was: “it 

impacted me a lot, my midterm 2 grades improved after watching the videos” Another comment was: “It 

explained some steps that were forgotten and I remembered by watching the videos. They are comprehensive.” 

One notable comment was also: “I failed exam 1 because I didn’t watch the videos and got a passing grade for 

exam 2 because I watched the videos… solving the examples in the videos was a good practice...Small details 

are being explained…” 

 

 

Major Features: When asked about what major features that they liked about the technology, some interesting 

comments from the students were: 

“They explain the material thoroughly. 

That was easier to focus, since you can pause and replay until you understand the concept 

They are simple and easy to understand 

It was like being in class, but you got to repeat it 

They are clear and contain all the exact material. They were like a normal class 

It is like attending a class all over again.” 

 

 

A. Quantitative Data Collected from Survey 

In this section, we use the control group of more than four hundred students to analyze the effects of the 

introduced lecture capture technology on the experimental group enrolled in Calculus 2 in spring 2017 after the 

midterm exam results were collected. Table 2 summarizes the data collected on midterm performance for the 

different groups: 
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Table 2. Summary of exam grades 

SEMESTER NUMBER OF 

STUDENTS 

MIDTERM 

AVERAGE 

STANDARD DEVIATION 

SPRING 

2013 

32 68% 20.1923077 

SPRING 

2014 

66 66% 19.2857143 

FALL 2014 46 68% 18.5714286 

SPRING 

2015 

58 71% 20 

SPRING 

2017 

 66 79% 17.3333333 

 

As shown in Figure 4, there is a very notable increase in performance after lecture capture technology was 

introduced in Spring 2017 compared to other semesters without using such technology. All the students took 

these courses exactly at the same time during their study and were taught by the same instructor, with the same 

books, and in the same format. Grade-point average (GPA) and number of course credits should be compared for 

the groups at the time of graduation in future studies. There was no statistical difference between the groups, 

suggesting that the groups were very similar in background and ability prior to the Calculus course. 

 

 
Figure 4. Performance results in midterm 1 in four semesters without using technology compared to Spring 2017 

where lecture capture was used 

 

Preforming a one-way ANOVA test results in the following summary data: 

 
 

At 95% confidence level, we have sufficient evidence to prove that there is a major difference in the means and 

using technology in spring 2017 resulted in notable increase in exam performance. 

 

 

A. Teacher Evaluations 

 

Another analysis that were collected is teacher evaluations conducted at the end of the semester. The results are 

useful to compare the Instructors performance compared to the mathematics department faculty and also to the 

university as a whole.  As can be seen in Table 3 and Figure 5, the instructor results were very positive and the 

subject evaluations were considerably higher than the rest of the department and also the university. Analysis of 

the same instructors’ evaluations over previous semesters where technology of lecture capture was not used 

showed notable increase when technology was used in teacher’s evaluation. 
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Table 3. Teacher evaluations 

 

 
 

 
Figure 5. Teacher evaluations for math101 with the usage of technology 
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Conclusion  
 

In this paper, the concept of introducing rich text format lecture capture technology in Mathematics subjects 

(Math for Business and Calculus 2) was rigorously analyzed. Both control groups without using any form of 

technology and experimental groups with using the proposed technology were compared in terms of student 

acceptance and academic performance improvements. Both qualitative and quantitative analysis were used and 

the results are very promising. Students saw the added benefits and found the technology very useful. Exam 

performance was compared and using the technology showed positive improvements over previous semesters.   
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