
  

 

Abstract—The increasing use of learning videos in Higher 

Education (HE) have revolutionizing the traditional teaching 

environment. b-Mat@plicada is a b-Learning Mathematics 

course mainly composed of educational videos that the HE 

students of a Portuguese Institution can used for their study as a 

complement of the face-to-face lectures. In a previous research, 

an experiment was performed in the classroom context, where 

49 HE students watched the b-Mat@plicada video on Matrix 

Multiplication as replacement of the traditional face-to-face 

explanation. Then, they were asked to solve individually an 

exercise, and respond to a survey assessing attitudes, perception, 

and satisfaction. In the present study, 63 HE students 

participated to a similar experiment with the b-Mat@plicada 

video on the Laplace Expansion Theorem, where a specific 

didactical approach is used. Beyond the comparison between 

the results of the two experiments, the findings of this study 

revealed that most students achieved the leaning objectives and 

appreciated the quality of the video in terms of image, sound, 

clarity and useless. The necessity of video contents in teaching 

was also expressed, mainly to clarify doubts and remember 

contents. However, all students considered that videos cannot 

replace traditional face-to-face classrooms, mainly due to the 

importance of the Teacher-Student dialogue. 

 
Index Terms—Educational videos, mathematics, higher 

education, laplace expansion theorem, user satisfaction, 

learning. 

 

I. INTRODUCTION 

With the rapid growth of the Internet and the evolution of 

Smartphones, the video use in Higher Education (HE) has 

exponentially increased in the last decade. This trend has 

been accentuated during the year 2020 with the COVID-19 

pandemic, which provided new challenges for the educators 

who had to adjust their face-to-face lectures and implement 

online learning [1], [2]. 

The increasing use of video lectures in HE has resulted in 

the development of research studies in this area. This 

technology has been viewed as a tool for enhancing teaching, 

but also assessment [3]. Motivating [4], [5], useful, helpful, 

and effective on learning performance [6]-[8], are common 

expressions that have been used by the students to qualify the 

educational videos. Furthermore, the possibility of learning 

anytime, anywhere, and viewing material repetitively if 

necessary, is also appreciated [9], [10]. 
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In contrast, some studies report negative aspects of the 

video use in education. The technical problems such as 

excessive file size or lack of smooth Internet network [11], 

[12], the preference for traditional face-to-face classrooms 

[13], [14], and the lack of time [15], have been pointed out as 

obstacles for the use of videos by the students. Moreover, the 

positive effect on the learning performance is not always the 

conclusion of the preformed studies [16], and some concern 

has existed on the relation between the availability of 

learning videos and the levels of absenteeism. Traphagan et 

al. (2010) conducted a study using a geology course of a 

university, where 153 students were allowed access to lecture 

videos while 211 students were not. The results of this 

comparative study suggested that the videos had positive 

effects on the learning performance, but a decline of the 

physical attendance was verified. However, the number of 

studies that report positive aspects of the video use in 

education is significantly larger [17], and according to many 

researchers, their benefits overweigh the weaknesses of the 

technology [18].  

It has been observed that students reveal insufficient basic 

knowledge and lack of motivation in Mathematics [19], 

which has been viewed as challenging [20] and impractical in 

everyday life [21]. However, the importance of this science is 

uncontestable due to its application in numerous areas, such 

as, engineering, economics, or physics. Some strategies for 

overcoming this problematic have been proposed in the 

literature. Among others, the use of technological tools is 

referred to as a solution for changing the students‟ perception 

of Mathematics [22] and enabling students‟ autonomy in the 

learning process [23]. 

The creation of the b-Learning course b-Mat@plicada is 

one of the strategies implemented in the Portuguese HE 

institution where this study was performed, to overcome the 

difficulties of the students in Mathematics. Currently 

composed of 27 learning videos on differential calculus, 

integration methods, and matrix calculus, this course is 

available on the Moodle platform. Thus, all students of the 

institution have anytime and anywhere access to the contents.  

The video files in the educational context can be divided 

into three groups: the substitutional videos that can 

complement or replace the face-to-face classes [24], the 

creative videos that are made by the students themselves, 

which allows the acquisition of several critical thinking and 

technology skills [25], [26], and the supplementary videos 

that allow a reinforcement of learning [27]. In the case of the 

b-Mat@plicada course, all videos are substitutional since 

they contain all details of the subject. In a previous study, the 

89 surveyed students considered the b-Mat@plicada videos 

as useful, a great help to remember or understand, and the 

quality of image and sound was also appreciated [28].  
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Later, an experiment was performed in the classroom 

context with 49 HE students, who watched once the 

b-Mat@plicada video on Matrix Multiplication without any 

previous explanation. With the aim of verifying the 

achievement of the learning objectives, they posteriorly 

solved an exercise without support of the teacher or 

colleagues and then, answered a questionnaire assessing 

viewing behavior, attitudes, and satisfaction. Findings 

demonstrated the adequacy of the selected b-Mat@plicada 

video to achieve the previously defined learning objectives. 

Furthermore, its quality was appreciated respecting the image 

and sound quality, the video length, the usefulness, and the 

effectiveness in helping them to understand the topic. 

The use of educational videos by itself does not guarantee 

a successful learning since their quality is determinant. In the 

previous study, only 31% of the surveyed students 

considered that the videos available on the Internet are, in 

general, diversified and clear. In fact, the pedagogical 

techniques used in the video for the step-by-step explanation 

have a primordial role, especially in Mathematics where 

students usually have difficulties and present heterogeneous 

knowledge levels. 

In the present study, an analogous experiment was carried 

out with a larger number of students and a higher difficulty 

level topic of Mathematics. As proceeded previously, 63 HE 

students watched the b-Mat@plicada video on the Laplace 

Expansion Theorem and then solved individually an exercise. 

Finally, they answered a satisfaction survey that includes 

new questions to deepen some specific ideas. This research 

has four aims: i) to propose a pedagogical approach of the 

Laplace Expansion Theorem; ii) to verify the achievement of 

the learning objectives of the selected video; iii) to conclude 

about the students‟ attitudes and satisfaction respecting the 

video use in education, and the quality of the selected video; 

iv) to evaluate the existence of significant differences 

between the results of the two experiments. 

After the description of the didactical approach used in the 

video on the Laplace Expansion Theorem in Section 2, this 

paper includes a third section where the procedure of the 

experiment is described. All results are presented, analyzed, 

and discussed in the last sections 4 and 5.   

 

II. DIDACTICAL APPROACH OF THE LAPLACE EXPANSION 

THEOREM 

The Laplace Expansion Theorem, one of the most 

important properties of determinants [29], allows expressing 

the determinant of a matrix as a linear combination of 

determinants of smaller matrices, designated by minors. So, 

the presentation of the Laplace Expansion Theorem requires 

first the definitions of minor and cofactor: 

 

Definition 1. If A is a n×n matrix (n ≥ 2) and aij is the entry of 

A at the intersection of the i-th row and the j-th column, then, 

the minor of aij, denoted by Mij, is the determinant of the 

sub-matrix obtained from A by deleting its i-th row and its 

j-th column. 

 

An example with a 3×3 matrix is illustrated in Fig. 1, where 

the minor M11 is calculated. 

 
Fig. 1. Example of a minor of a 3×3 matrix. 

 

Definition 2. If A is a n×n matrix (n ≥ 2) and aij is the entry of 

A at the intersection of the i-th row and the j-th column, then, 

the cofactor of aij, denoted by Aij, is defined by: 

  

Aij = (-1)i+j Mij                                     (1) 

 

Then, the Laplace Expansion Theorem can be presented: 

 

Theorem. Consider that A is a n×n matrix (n ≥ 2) and aij is 

the entry of A at the intersection of the i-th row and the j-th 

column. If Aij is the cofactor of aij, then, for any row i, the 

following row expansion holds: 





n

k

ikikininiiii AaAaAaAaA
1

2211 ...

 
(2)

 

Similarly, for any column j, the following column expansion 

holds: 





n

k

kjkjnjnjjjjj AaAaAaAaA
1

2211 ...

 
(3)

 

A possible learning strategy for the Laplace Expansion is 

the presentation of the definitions and the Theorem, 

completed by some practical examples. This technique has 

been adopted in the classroom context but has shown to be 

inadequate, probably due to the usual reluctance to use 

theorems [30], [31] and understand algebraic expressions 

[32]. The minor and cofactor definitions are usually 

well-assimilated, but the linear combination of minors is 

regularly misunderstood by the students. Then, some 

reflection is required with the aim of choosing a more 

suitable learning strategy, since the difficulties in 

Mathematics are in part associated to the teaching 

procedure-based learning [33]. Before the definition of a 

procedure, it is important to identify what kind of 

mathematical task we are dealing with.  

Two types of mathematical tasks exist: problems and 

non-problems [34]. When dealing with a problem, the 

application of the required mathematical actions is not 

immediately evident, while with a non-problem or exercise, 

the required mathematical tasks are obvious [35]. In this case, 

the calculation of a determinant using Laplace Expansion is a 

non-problem. Consequently, as procedure based-model of 

teaching, the algorithmic reasoning is selected. 

An algorithm is composed by finite sequences of 

executable instructions to solve a given set of tasks [36]. 

Since in this case, the objective is to produce an answer for a 

particular problem, i.e., to write the Laplace Expansion, the 

use of an algorithm seems to be appropriate. Although some 

researchers have argued that the use of algorithms avoids the 

conceptual understanding of the actual problem [37], these 

save time, prevent miscalculations [38] and can be efficient 

to learn specific themes [39]. 

The following algorithm composed of four tasks, 

illustrated with examples, is then used to apply the Laplace 
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Expansion Theorem: 

 

Task 1. Determine the number n of summands (aijAij), which 

is equal to the dimension of the matrix. 

Example: with a matrix of order n = 3, we will have n = 3 

summands (a_ _  A_ _  ): 

 

 
 

Task 2. To simplify the calculations, choose the line or the 

column with more zeros.  

Example: considering this matrix, the first line is selected: 

 

 
 

Task 3. Include the subscript corresponding to the chosen 

row or column in all variables aij and Aij.  

Examples: considering this matrix, where the 1st line was 

selected: 

 

 
 

Or, considering this matrix, where the 3rd column was 

selected: 

 

 
 

Task 4. Complete, in the remaining subscripts, consecutively, 

1, 2, 3, ...., n. The final expression is then obtained. 

Examples: considering this matrix, where the 1st line was 

selected: 

 

 

 

 
 

After accomplishing these tasks, the linear combination of 

minors for the determinant of any square matrix is obtained. 

Before the implementation of this algorithm in classes, a 

more traditional strategy was used, where the definitions and 

the Theorem were presented, explained, and enriched by 

some examples. At that time, students always used the Rule 

of Sarrus to find the determinant of a 3×3 matrix in the 

assessment tests, as an alternative to the Laplace Theorem. 

From the moment that the algorithm was suggested and 

applied, it has been observed a better assimilation in classes 

and a much more frequent use of the Laplace Theorem in 

tests. Thus, since this learning strategy was primarily 

assessed in the real context of classes and have showed to be 

more effective, the proposed algorithm was used in the video 

on the Laplace Expansion Theorem.  

 

III. METHOD 

A. Sample 

The student sample was selected from a HE institution in 

Portugal, and consisted of 63 students (24 males, 39 females) 

of the Business Sciences degree, enrolled in the first year 

Applied Mathematics course. The syllabus of this course is 

composed of Methods of Integration, Topics of Differential 

Equations, Matrix Calculus and Systems of Linear Equations. 

Contrary to the previous experiment, these students are not 

familiarized with the specific explanation commonly used in 

the videos since the teacher of the Applied Mathematics 

course is not the author of the b-Mat@plicada contents. 

Despite the relative low number of participants due to the 

controlled conditions of the experiment, where the video is 

watched only once and the exercise is solved individually 

without support, it is believed that this study will allow 

concluding on the video quality and the achievement of the 

learning objectives. 

B. Instrument 

The selected b-Mat@plicada video is on the Laplace 

Expansion Theorem, which is included in several 

Mathematics courses of Engineering and Business Sciences 

degrees. The video file was produced with the combined use 

of Microsoft Office PowerPoint and Audacity, as 

recommended in a previous work where a methodology for 

creating videos is proposed [40]. The didactical approach 

described in the last section was followed and the explanation 

is frequently supported by visual aids such as arrows, 

underlines, or colours [41], as illustrated in Fig. 2. Each step 

is carefully described, and many examples are shown to 

illustrate the tasks of the proposed algorithm. 

 

 

 
Fig. 2. Examples of visual aids to support the explanation of the video. 



  

Researchers have agreed that the video length must be 

minimized to avoid mental fatigue and then increase learning 

outcomes. Shorter videos have shown to be more engaging 

[42] and improve learning experience [43]. In line with this 

concern, the length of all b-Mat@plicada contents are always 

minimized. In this case, the length of the selected video is 8 

minutes and 26 seconds, that is, below 10 minutes as 

recommended in the literature [43], [44]. 

C. Procedure  

The experiment was conducted in the classroom, where all 

students watched once the selected video, without any 

previous explanation on the Laplace Expansion Theorem. 

Then, they were asked to solve individually an exercise, with 

the aim of verifying the achievement of the learning 

objectives. Next, the students responded to a satisfaction 

survey composed of questions on the video use in teaching, 

and other ones, more specific, related to the quality of the 

selected video.  

D. Data Analysis  

In a first analysis, descriptive statistics were used to 

analyse the results obtained from the responses of the 

students. Next, hypothesis testing was applied to compare 

these results with the data obtained in the previous 

experiment with the video on Matrix Multiplication. The 

existing differences between the conditions of the two 

experiments can be consulted in Table I. Comparing with the 

previous experiment, the Laplace Expansion Theorem is a 

concept with a higher difficulty level, and the students who 

participated in this experiment are not familiarized with the 

learning strategy usually adopted by the narrator of the 

b-Mat@plicada videos. On the other hand, they have 

generally a higher mathematical knowledge level. The 

musical introduction of the video on the Laplace Theorem 

was reduced, due to a previous conclusion from Experiment 

1, where students did not express a positive and consensual 

opinion on this. The objective is to verify if this action 

improved the opinion of students on the adequacy of the 

video introduction. 
 

TABLE I: EXISTING DIFFERENCES BETWEEN THE CONDITIONS OF THE TWO 

EXPERIMENTS 

Experiment 1 [40] 

 

Experiment 2 

 

The narrator of the video is 

the instructor of the 

face-to-face classes. 

 

The narrator of the video is not the 

instructor of the face-to-face 

classes. 

 

Topic of the video: Matrix 

Multiplication. 

Topic of the video: Laplace 

Expansion Theorem. 

  

Students are enrolled in 

Higher Professional 

Technical Courses. 

 

Students are enrolled in 

Undergraduate Courses. 

 

Long musical introduction in 

the video (30 seconds). 

 

Short musical introduction in the 

video (8 seconds). 

 

 

E. Research Questions 

The present study was designed to address four key 

research questions: 

1) What is the students‟ opinion about the video use for 

their learning? 

2) How did students rate the quality of the b-Mat@plicada 

video on the Laplace Expansion Theorem? 

3) Were the learning objectives attained after watching the 

video?  

4) Are there significant differences between the results of 

the two experiments? 

 

IV. RESULTS 

A. Attitudes and Perception of Students Respecting the 

Use of Videos for Their Learning 

The first question of the survey allowed concluding that 

only 14% (n = 9) of the students never use videos available 

on the Internet to help them in their study. On the other hand, 

the remaining 54 students use the online videos for 

educational purposes occasionally (n = 40; 63%) or 

frequently (n = 14; 22%). Their opinions on the quality of the 

available videos on the Internet are not consensual, since 

38% (n = 24) think that these contents are diversified and 

clear and 48% (n = 30) have an opposite view. These first 

questions show that there is a demand for good quality videos 

by the students to support their learning, as concluded in 

other studies [45]. 

Concerning the usefulness of the videos for learning, 98% 

(n = 62) of students considered that the educational videos 

are useful and beneficial for their learning. Additionally, they 

indicated until two advantages of the videos: as observed in 

Table II, the two most selected benefits are the clarification 

of doubts and the remembering of contents. The lower 

frequency related to the 3rd item shows that the videos are not 

usually seen as a way of missing classes.  
 

TABLE II: ABSOLUTE FREQUENCIES RELATING TO THE ADVANTAGES OF 

LEARNING VIDEOS 

Ranking place Item 
Frequency 

(n = 117) 

1st 

 

The videos allow me to clarify doubts.  

 

48 

2nd  

 

 

The videos allow me to remember 

contents. 

 

38 

3rd  

 

 

The videos allow me not to be so 

harmed if I miss classes; 

 

21 

 

4th  

 

The videos help modernize education 10 

5th  

 

Other 0 

 

B. Can a Learning Video Replace a Traditional 

Face-to-Face Class? If Not, Why? 

In the third question of the survey, all students (n = 63; 

100%) stated that the educational videos cannot substitute 

traditional face-to-face classrooms. The next question 

allowed understanding why students have this perception, by 

selection of until three reasons for this preference. The results, 

which can be observed in Table 3, show the importance of the 

dialogue between the teacher and the student, and between 

students. Social interactions are the element key that videos 
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cannot offer in the learning process and these students attach 

great importance to these for their study. 
 

TABLE III: ABSOLUTE FREQUENCIES RELATING TO THE REASONS WHY 

VIDEOS CANNOT REPLACE FACE-TO-FACE CLASSROOMS 

Ranking place Item 
Frequency 

(n = 132) 

1st 

 

The space for dialogue and discussion 

between the students and the teacher is 

indispensable; 

56 

2nd  

 

The interactions with my colleagues 

are important in my learning; 

30 

3rd  

 

Face-to-face classes is more 

motivating than studying with videos 

alone;  

23 

 

 

4th  

 

To study with videos, a self-discipline 

is required;  

18 

5th 

  

I do not like using digital technologies 

to study; 

4 

6th  

 

 

 

 

Others:  

“In the videos, the examples are very 

simple and for this reason, I think that 

videos cannot substitute face-to-face 

classes” 

1 

 

C. Students’ Opinions on the Quality of the Selected Video 

The students evaluated the selected video concerning its 

quality and usefulness through a five-point Likert scale (1 = 

Strongly Disagree, 2 = Somewhat Disagree, 3 = Neither 

Agree nor Disagree, 4 = Somewhat Agree, 5 = Strongly 

Agree). Table IV presents the descriptive statistics of the 

obtained ratings. 
 

TABLE IV: DESCRIPTIVE STATISTICS OF THE RATINGS ON THE QUALITY OF 

THE SELECTED VIDEO 

(N = 63; PERCENTAGES, MEAN AND STANDARD DEVIATION). 

Item 1 2 3 4 5 M SD 

1. The video is 

clear. 

0,0 0,0 0,0 20,6 79,4 4,8 0,6 

2. The video is 

attractive. 

0,0 1,6 14,3 46 38,1 4,2 0,8 

3. The video 

helps me to 

understand the 

subject. 

0,0 0,0 3,2 30,2 66,6 4,6 0,7 

4. I like the 

inclusion of 

music at the 

beginning of the 

video. 

3,2 3,2 74,6 9,5 9,5 3,2 0,8 

5. The image 

quality is good. 

0,0 0,0 9,5 33,3 57,2 4,5 0,8 

6. The sound 

quality is good. 

0,0 1,6 11,1 41,3 46,0 4,3 0,8 

7. This is the 

kind of video 

that can help me 

to study. 

0,0 1,6 3,2 22,2 73,0 4,7 0,6 

8. The examples 

used in the 

video are 

appropriate. 

0,0 1,6 0,0 30,2 68,2 4,7 0,7 

9. The video 

length is 

adequate. 

0,0 1,6 0,0 44,4 54,0 4,5 0,6 

10. I like the 

effects/animatio

ns of the video. 

0,0 0,0 28,6 42,8 28,6 4,0 0,8 

These results show generally very positive opinions of the 

students concerning the selected video, more precisely 

respecting its clarity, adequacy in helping and understanding, 

image and sound quality, and length. The effects and 

animations used in the video had a less positive opinion. On 

the other hand, the lowest mean was observed for the 

inclusion of music in the video introduction to make it more 

attractive.  

In all b-Mat@plicada videos, a white and clean 

background is usually used, as suggested previously in the 

proposed methodology [40]. The students also expressed 

their opinions on this choice: 81% (n = 50) considered that 

the white and clean background is adequate because it allows 

concentrating on what is most important, 11% (n = 11) think 

that this does not make difference, and only one student (2%) 

affirmed that some extra figures on the educational topic, or 

different colors, could make the video more attractive.  

D. Which Are the Most Important Features in a Learning 

Video? 

The students selected the three most important 

characteristics to be considered in a learning video, among 

seven suggested items: video length, quality of speech, 

timbre of voice, sound quality, image quality, aesthetic 

aspects, and animations. Additionally, the students could add 

another aspect that was not included in the proposed list. The 

results presented in Table V allow concluding that, from the 

students‟ point of view, the speech (n = 50), image (n = 45), 

and sound (n = 36) are the main aspects to be considered. The 

4th ranking place of the video length shows its relative 

importance. Contrarywise, the frequencies related to the 

aesthetic aspects and the animations are lower. 
 

TABLE V: RANKING OF THE MOST IMPORTANT FEATURES IN LEARNING 

VIDEOS 

Ranking place Item 
Frequency 

(n = 178) 

1st Quality of speech. 50 

2nd  Quality of image 45 

3rd  Quality of sound. 36 

4th  Length of video. 22 

5th  Timbre of voice 12 

6th  Animations 9 

7th  Aesthetic aspects. 3 

8th  

 

Others: 

“Many different examples.” 
1 

 

E. Students’ Skills Achievement 

After watching the video, students were asked to solve an 

exercise, which consists in calculating a given determinant 

using the Laplace Expansion Theorem. It was verified that 

86% (n = 54) correctly solved the proposed exercise, without 

any mathematical error (Fig. 3). On the other hand, 14% (n = 

9) suitably applied the Theorem but did not obtain the final 

correct result due to miscalculations or incorrect calculation 

of the second-order determinants, as exemplified in Fig. 4. 

These results allow concluding that the selected video is an 

appropriate content to achieve the learning objectives. 
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Fig. 3. Example of a correct resolution. 

 

 
Fig. 4. Example of an incorrect resolution. 

 

V. DISCUSSION 

In a general way, this study shows the usefulness of the 

videos for learning. The students revealed a habit of 

searching videos for their study with the aim of clarifying 

doubts and remembering contents, even being aware that 

these have not always a good quality. 

The negative effect of the videos on class attendance has 

been investigated by many researchers since this has been 

considered as a reason why educators do not incorporate this 

type of contents in their practice [46]. Although some studies 

show that many students view the video technology as an 

alternative to traditional classes [47], most researchers 

concluded that, in practice, there is not a significant effect of 

the videos on class attendance [48], [49]. In the present 

research, despite the helpfulness and the necessity of the 

learning videos referred by the students, all of them consider 

the videos as a good complement of the traditional 

face-to-face classes, not as a substitute, which is in 

accordance with other studies of the literature [50], [51]. In 

the previous experiment with the b-Mat@plicada video on 

the Matrix Multiplication, a high percentage of students with 

this opinion was also obtained (90%) but the reasons for this 

were not investigated. 

Schreiber and co-workers (2010) compared the differences 

between live lectures and video podcasts by performing an 

experiment with 100 medical students, divided into two 

groups; the students of the first group watched a video on 

vasculitis whilst the students of the other group attended a 

traditional face-to-face lecture on the same topic. Significate 

differences between the learning outcomes were not found, 

but students preferred live lectures. Some comments were 

obtained about the fact that videos are less engaging: “require 

discipline”, “hard to concentrate”, or “less motivated to 

study”, were examples of reasons for this preference [52]. 

According to the surveyed students of the current study, the 

absence of Teacher-Student dialogue is the main reason why 

videos cannot replace the traditional classes. In fact, a largely 

higher frequency was registered for this item, comparing 

with the interaction with colleagues, the motivational aspect 

of classes and the requirement of a self-discipline to study 

with videos. Only one student added another reason: “In the 

videos, the examples are very simple and for this reason, I 

think that video cannot substitute face-to-face classes”. In 

fact, for more knowledgeable students, the examples can be 

simple and the explanations too slow [53]. However, the 

presentation of examples with a higher difficulty level 

implies the elimination of more basic explanations, with the 

aim of not exceeding the recommended limit for the video 

length. On the other hand, these basic explanations can be 

relevant for some students who have more difficulties. This 

problematic is also present in classes due to the heterogeneity 

of the levels of Mathematics knowledges of the students. So, 

the production of many videos on the same topic, but with 

different difficulty levels, can be a solution for the students 

who share this opinion and a strategy for increasing the level 

of knowledge. 

Although this preference for classes, the video was 

sufficient for the students to reach the previously defined 

objectives, since 86% could solve the proposed exercise, and 

the observed incorrect resolutions were not due to an 

incorrect application of the Theorem. In the previous study 

with the b-Mat@plicada video on the Matrix Multiplication, 

most students also correctly solved the proposed exercise. 

This suggests that the higher difficulty level of the Laplace 

Theorem, and the fact that the narrator of the videos is not the 

teacher of the students, did not have a negative effect on the 

achievement of the learning objectives. Thus, the educational 

video should be considered as a complement tool of 

face-to-face lectures that allows reaching the learning 

objectives, as concluded by Ramlogan et al. (2014). 

Moreover, the results of the current study also indicate the 

suitability of the selected procedure based-model of teaching, 

the algorithmic reasoning. Despite the negative aspects of 

using algorithms referred by some authors [34], [37], this 

shows that they can be efficient to learn specific topics, as 

concluded before by Caron (2007) respecting the 

multiplication tables.  

As referred previously, a similar experiment was 

performed with another group of students, using the 

b-Mat@plicada video on Matrix Multiplication. The same 

video quality items were rated by the students in the two 

experiments. The results of a t-test for independent samples 

were computed by using the IBM SPSS® software (Table 6), 

where the equality of variances was assessed by using the 

Levene‟s Test (H0: μ1 = μ2 vs. H1: μ1 ≠ μ2; two independent 

samples; Significance Level: 0,05). These revealed that the 

ratings assigned by the students in the first experiment are not 

significantly different from the ratings obtained in this study, 

except for items 4 and 10, with confidence intervals of [0,305; 

0,974] and [0,014; 0,620] respectively. As referred before, in 

this second experiment, the topic of the video has a higher 

difficulty level and the teacher is not the narrator of the video. 

However, this did not cause significant differences on the 

students‟ opinion respecting the videos, which were 

appreciated at various levels. The good rates obtained in both 

experiments related to the image and sound quality reveal 
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that the software and the equipment used to produce the 

videos are adequate. On the other hand, the good results 

related to the clarity, the choice of the examples and the 

helpfulness, show the adequacy of the selected learning 

procedure and the techniques applied for the step-by-step 

explanation. The visual elements used to support the 

explanation, as recommended in research [41], probably had 

an important effect on these conclusions, but more research 

must be performed to confirm this influence. On the contrary, 

differences were observed respecting the musical 

introduction of the video and the effects/animations. Even 

with a reduction of the musical introduction, the opinion on 

this element persists less positive, with even lower rates. 

Consequently, with further research, other introduction 

formats can be included and tested or, the elimination of the 

musical introduction can be considered in future since it 

allows a reduction of the video length and production 

working time.  
 

TABLE VI: SUMMARY OF RESULTS AND OUTCOMES OF HYPOTHESES 

TESTING 

Item 
Levenne‟s 

test result 

T p-value Significant 

Differences 

1. The video is 

clear. 

Equal 

variances 

assumed 

-1,388 0,168 Not 

supported 

2. The video is 

attractive. 

Equal 

variances 

assumed 

-0,209 0,834 Not 

supported 

3. The video 

helps me to 

understand the 

subject. 

Equal 

variances 

assumed 

-1,223 0,224 Not 

supported 

4. I like the 

inclusion of 

music at the 

beginning of the 

video. 

Equal 

variances not 

assumed 

3,798 0,000 Supported 

5. The image 

quality is good. 

Equal 

variances 

assumed 

0,755 0,452 Not 

supported 

6. The sound 

quality is good. 

Equal 

variances 

assumed 

0,798 0,426 Not 

supported 

7. This is the 

kind of video 

that can help me 

to study. 

Equal 

variances 

assumed 

-0,691 0,491 Not 

supported 

8. The examples 

used in the 

video are 

appropriate. 

Equal 

variances 

assumed 

-0,925 0,357 Not 

supported 

9. The video 

length is 

adequate. 

Equal 

variances 

assumed 

0,378 0,706 Not 

supported 

10. I like the 

effects/animatio

ns of the video. 

Equal 

variances 

assumed 

2,074 0,040 Supported 

 

In the experiment of the current study, an additional 

question was included in the survey, respecting the choice of 

the white and clear background commonly used in the 

b-Mat@plicada videos. Most students believe that this 

strategy is adequate since it allows concentrating on what is 

most important. This is in accordance with the 

recommendation of Clark and Mayer (2008), who suggest 

avoiding any element that is not important to the learning 

objective [53].  

Table V shows, for the two experiments, the most 

important features to be considered in learning videos, 

according to the students. The quality of speech, sound and 

image continues in the top-ranking places. The quality of 

speech, sound and image continues in the top-ranking places. 

The differences are observed respecting the video length, 

which is more important for the students who participated in 

the present study and relating to the aesthetic aspects that 

occupied a better ranking place in the first experiment. In the 

present study, one student suggested another feature: the 

presentation of many different examples. The importance of 

this item was also expressed by students who participated in 

other studies [7]. In fact, the presentation of diversified 

examples is important but cannot be too extensive to avoid a 

high video length. 
 

TABLE V: RANKING OF THE MOST IMPORTANT FEATURES IN LEARNING 

VIDEOS 

EXPERIMENT 1 EXPERIMENT 2 

Ranking 

place 
Item 

Ranking 

place 
Item 

1st Quality of speech. 1st Quality of speech. 

2nd  Quality of sound. 2nd  Quality of image. 

3rd  Quality of image. 3rd  Quality of sound. 

4th  Aesthetic aspects. 4th  Length of video. 

5th  Length of video. 5th  Timbre of voice. 

6th  Animations. 6th  Animations. 

7th  Timbre of voice. 7th  Aesthetic aspects. 

  

8th  

 

 

Others: 

“Many different 

examples.” 

 

VI. CONCLUSIONS 

The increasing use of the learning videos in HE led to a 

growing interest of the researchers in this area, all with the 

same objective: to understand if and how the videos can help 

and improve the learning of the students. This concern is 

even more important in Mathematics, where the difficulties 

of students are well-known.  

In the present study, an experiment was carried out with 

the b-Mat@plicada video on the Laplace Expansion 

Theorem, where a group of students watched the video 

instead of the common face-to-face explanation, solved an 

exercise and responded to a satisfaction survey. The main 

objectives are to verify if the learning objectives were 

achieved and to collect opinions of the students. Other 

purposes of this work are to propose a procedure 

based-learning for the Laplace Expansion Theorem and, 

since a similar experiment was previously made with the 

b-Mat@plicada video on the Matrix Multiplication, to 

compare the results of the two experiments.  

The obtained responses of the students allowed concluding 

that the learning videos are useful and helpful for their 

learning. Despite the concern on the negative effect of the 

videos on the class attendance presented in some studies, for 

these students, the videos are only a benefited complement of 

the face-to-face classes, as verified in the last experiment. 
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The reasons for this preference seem to be associated to 

Teacher-Student dialogue. 

Respecting the achievements of the learning objectives, 

most students were capable to apply the Theorem after the 

video watching, as observed in the previous experiment and 

despite a higher difficulty level. This conclusion indicates the 

adequacy of the didactical approach and the techniques used 

in the step-by-step explanation.  

As observed in the first experiment, the students rated the 

selected video as useful, helpful, clear and with a good 

quality of image and sound. Significative differences 

between the rates attributed by the students were only found 

respecting the musical introduction and the 

effects/animations of the video. Further research is required 

to evaluate which or if video introduction is appropriate for 

making the video more engaging. 

Finally, from these students‟ view, the main features to be 

considered in a learning video are the speech, image and 

sound. These three items were also chosen by the students 

who participated in the first experiment. The differences 

were only observed respecting the video length, which has a 

higher influence for these students, and the aesthetic aspects 

that has a low impact. 

Further research can be made to understand which 

elements of the videos can be changed to improve their 

quality. As an example, the elimination of the musical 

introduction is an option that must be considered and tested. 

Moreover, experiments can be performed with a larger 

number of students and the inclusion of more open-ended 

questions in the survey to increase the range of answers. The 

Teacher-Student dialogue was chosen as the main reason 

why videos cannot replace classes, among several proposed 

reasons. Even with the possibility of adding another, students 

may tend to make only a choice. Topics with higher difficulty 

level can also be evaluated since a different subject implies a 

different learning strategy, whose efficiently must be 

evaluated. All these actions have as main objective the 

improvement of the learning experience of students in 

Mathematics, which may, one day, cease to be viewed as a 

challenge.  
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