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Abstract: This paper discusses the implementation of short video lecturing method in engineering studies. Three separated experiments were carried out in mathematics and sciences courses at Tampere University of Applied Sciences and at Tampere University of Technology in Finland. The short video lecturing was utilized both inside and outside the classroom environment. The qualitative and quantitative research methods were used to explore the students’ perceptions of short video lecturing. According to the results, students find the short video lecturing as a motivational teaching method, which has significant positive influences on learning.




Introduction

Typically the drop-out rates of studies are high in the field of engineering. For example, in 2012 the passing rate of engineering education in five years was under 47% at universities of applied sciences in Finland (Vipunen). At the same time, the technical universities also possess similar problems. Practice has shown that the key reasons behind the problem are low motivation, low mathematical proficiency, large study groups and heterogeneity among students. One method to increase individual's motivation is to offer personalized learning. However, as the number of students in the basic courses at technical universities may exceed 300, personalization is often limited or even prevented by the lack of resources. Naturally, this is not only a national problem, since in many countries the large classes are in some cases up to 500 students in tertiary level. Anyhow, with such amount of students, their abilities, interests and motivation inevitably vary (Mulryan-Kyne, 2010). In such cases, short video lecturing can be a surprisingly efficient way to offer personalized learning for students. 
In universities of applied sciences in Finland the study groups in the field of engineering can be larger than 40 students in a classroom. Consequently, the mathematical proficiency of study groups’ participants varies as the background studies range between the comprehensive school and high school. While some of the students are familiar with advanced syllabus of high school or even university level studies, the others barely possess the elementary school mathematics. Thus, the differences in students’ mathematical proficiency cause challenges to organize a high quality teaching.
The above-described problems have widely been reported in the literature. For example, the problems with students’ mathematical proficiency in the beginning of tertiary level studies have been recognized (Hawkes & Savage, 2000, Heck & Van Gastel, 2006, James et al., 2008, Lawson, 2003, London Mathematical Society, 1995). The students’ mathematics’ skills are in many cases low and they have problems e.g. with basic algebraic routines (e.g. Heck & Van Gastel, 2006, Huikkola et al. 2008, Kinnari, 2010, London Mathematical Society, 1995, Mannila, 2009, Näätänen, 2005, Tuohi, 2009). Furthermore, the success in the courses of compulsory mathematics seems to have a connection with the general study progress (Rantanen & Liski, 2009). In generally, from the teacher's point of view, there are also evidences that the number of problems related to teaching increase with the growing class sizes in tertiary level (Mulryan-Kyne, 2010). Naturally, this also has its negative influences on learning (Mulryan-Kyne, 2010).
In the field of engineering, the problems related to low mathematical proficiency are not confined to mathematics. The low level of mathematical proficiency also restricts the possibilities to understand engineering applications. In physics, the understanding of phenomena does not necessarily require a high level of mathematical proficiency. However, the modelling of nature, also known as the laws of physics, is written in the powerful language of mathematics. Thus, the formalization of phenomena into mathematical expressions certainly requires mathematical skills. And if the necessary skills are not mastered, problems surely arise. Famous lectures of Richard Feynman act as an excellent example here. From the clear explanations of Feynman, many phenomena of nature can be understood without the language of mathematics. But in order to model the nature, an adequate level of mathematical proficiency is required (Feynman et al., 1963). 
On the other hand, the lecturer often has a key role in the learning processes of engineering. That is, learning in engineering is traditionally seen as a teacher leaded process. Although we are living at the 21st century, actions in classroom environment still often possess the characteristics of behaviorism. However, during this century, a certain change has been recognized. The viewpoints related to studying, learning and teaching have expanded, and as a consequence, for example the significance of informal learning has been recognized. Furthermore, the utilization of vast learning possibilities related to new technologies are getting better and better. For example, the concepts of blended learning and flipped classroom are increasingly exploited. 
	An efficient way to enhance learning by exploiting the new technologies is to utilize the short video lecturing method (see also Green et al., 2012, Pinder-Grover et al., 2011). In this paper, we present the experiences of such a method in the courses of engineering. In this study, the term short video lecturing refers to a screencasting with audio narration produced by a lecturer. Also short vodcasts that demonstrate some phenomena including lecturer’s narration are considered to be a branch of short video lecturing. The aim was to enable blended learning during the university courses and to explore the suitability of short video lecturing method in these contexts. In addition, the intention was to test the flipped classroom method as a part of Vector Algebra and Complex Algebra teaching. The separated experiments were implemented as a part of mathematics and science teaching at Tampere University of Applied Sciences (mathematics) and Tampere University of Technology (science). This paper summarizes the findings of a case study. 


Podcasts, screencasts and video lectures in education

Traditionally, learning in the field of engineering has typically been seen as a process strongly led by a teacher. Even nowadays, teaching in engineering often possesses the characteristics of behaviorism: a lecturer lectures in front of audience with the shortage of interaction. However, the studies have shown that the average attention span that students are able to maintain in a classroom is only about 15 - 20 minutes (Middendorf & Kalish, 1996). Luckily during this century a significant attention has been paid on the learning, its identification and recognition. For example, blended learning with diverse learning environments has taken its place. Also the applications suitable for teaching and learning purposes have developed significantly.
During the recent years, the amount of technical devices owned by the students has increased significantly. Nowadays, almost everyone has a smartphone, and also laptops and tablet computers are typical devices in a classroom. In addition, constantly increasing amount of students also uses their devices for learning purposes. They browse materials, make notes, calculate and search for additional resources. Thus, the devices for utilizing the educational technology in and outside the classroom are often available. For a teacher, it is important to realize that these devices offer huge possibilities for personalized learning. 
During the 2000's, also the educational technology and its applications have taken significant steps. For example, a large amount of tablet computes’ applications targeted to mathematics or physics learning is available. In addition, as a consequence of the development the applications for screencasts and the implementation of podcasts have become easier. However, in the past the video lecturing has typically had the meaning of videoing the face-to-face lectures. (Pursel & Fang, 2011) In these studies the video files include e.g. slides with audio or authentic video from the classroom. (Bollmeier et al., 2010, Karnad, 2013, Owston et al., 2011, Prodanov, 2012, Pursel & Fang, 2011) Anyhow, the developments of technology have brought more user friendly applications that enable e.g. podcasting, screencasting etc. For example lecture summary podcasts and videos have been provided e.g. (Mettiäinen & Karjalainen, 2012, Hsin & Cigas, 2013).
Overall, abundant number of studies related to educational perspectives of video lecturing, podcasting and screencasting have been published (e.g. Andersson & Nilsen, 2006, Barsky & Lindstrom, 2008; Bollmeier et al., 2010; Day & Foley, 2006; Green et al., 2012, Karnad, 2013; McDonald, 2008; McGarr, 2009; Mettiäinen & Karjalainen, 2012; Pinder-Grover et al., 2011, Prodanov, 2012; Pursel & Fang, 2011; Secker et al., 2010 and Soong et al., 2006). However, in engineering education the utilization of videos is neither very common nor officially recognized, as the role of teacher is often perceived very central. Nonetheless, some studies related to the utilization of podcasts and screencasts in engineering education have been done and most of the experiences have been encouraging. (Andersson & Nilsen, 2006, Green et al., 2012, Harrison et al., 2009, Hofacker & Ernie, 2009, McDonald, 2008, Pinder-Grover et al., 2011). However, in the field of engineering, it still seems that there is a shortage of investigations related to the effects of short video lecturing on learning especially motivational issues (Green et al., 2012) related to the screencasts.


The Experiments

In this study the short video lecturing method was implemented as a part of mathematics and science lecturing. The aim was to enable blended learning during the university courses and to explore the suitability of short video lecturing method in engineering studies. Moreover, the flipped classroom method was applied during the Vector Algebra and Complex Algebra learning. The investigations were carried out at Tampere University of Applied Sciences (mathematics) and Tampere University of Technology (science). With this study, we wanted to find out: 

	In students' opinion, what are the benefits of short video lecturing in general?
	How do the students experience the effect of short video lecturing on learning?
	How does the flipped classroom method work in the mathematics learning context?


In addition, we also wanted to enlarge our view on the interesting question: what is the suitable length for a short video lecture?
	The study consisted of three separated experiments. Two of them were implemented at Tampere University of Applied Sciences for the first year engineering students during mathematics courses. The third experiment was carried out at Tampere University of Technology. The level of proficiency was the bachelor of science and the target group consisted of the students in the course Foundations of Solar Electricity. All the video materials were produced before or during the implementation. 
The qualitative and quantitative data was collected from the experiments in order to get the feedback from students. The data was collected with electronic questionnaires. Most of the quantitative statements were presented as 5-point Likert scale. In order to be able to remove responses not involved in the experiments the “don’t know/haven’t tried” option was additionally available. The quantitative results emerge from the statistical analysis of these statements. In addition, the qualitative responds were also analyzed. In the findings chapter, the results of the experiments are analyzed.


Short video lecturing and flipped classroom method

	During the first experiment (abbreviation exp1) the short video lecturing was used to support engineering mathematics studying and learning outside the classroom. Thus, during exp1 both the face-to-face lecturing and the short video lecturing were implemented. Also the flipped classroom method was carried out as the part of introductory Vector Algebra and Complex Algebra teaching. The short videos, excluding the ones related to flipped classroom method, were produced of the subjects often perceived difficult for the students. In addition, another idea in the videos was to concentrate on the topics in which the students' proficiency varied greatly. For example, while some of the students, sitting in the same classroom, may have strong routine about the differentiation, the others may have never even heard of it. Thus, the need for personalized learning was seen as very significant.
	The learning materials in exp1 and exp2 were delivered through the Moodle learning environment. The short videos were produced with iPad utilizing apps ShowMe and Educreations. They also included lecturers’ explanation (audio narration). An important technical requirement was that the viewing of the videos must not require any installation of additional programs. Thus, we wanted that the videos can be easily viewed with a web browser. 
The short video lectures in exp1 included solutions of exercises, additional theory clips and additional examples and resources. (Fig. 1) presents a screen shot of one short video lecture related to logarithmic function. The video included a short theory, two example functions, illustrations and examples. The logarithmic function is a good example of the topic in which the students' proficiency varies greatly. Hence, its idea was to offer personalized learning material for a heterogeneous student group in the same classroom.
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Figure 1: An example of short video lecturing.

The short video lectures related to flipped classroom method were principally the explanations of theory. For example, the method was used while learning the basic concepts of Vector Algebra. Some of the participants already had quite strong basic skills while the others possessed a weaker basis. Therefore, in order to increase the learning motivation, the personalization by the means of flipped classroom method was utilized. As a homework, students were urged to watch five short video lectures with the total duration of 19 minutes. They were also encouraged to make the notes of the videos before the in-class sessions. Here, the personalization emerged from the individual watching rate enabled by the videos. In the next contact hour, students were divided into small groups where they made basic exercises in addition with the applications. At the same time, students were strongly encouraged to interplay with each other. The idea in the flipped classroom method was that the basic theory was taught through the short videos only. Thereafter, in the in-class sessions the emphasis was in making the exercises.


Video hints for learning personalization

In order to increase the personalized learning possibilities, the video hints were used during the exp2. This experiment was implemented during the Integral Calculus course for first year engineering students. After teaching the theory, the students were given the exercises which were known to be challenging ones to the novices. In order to lower the threshold for solving the exercises, video hints were offered to the students. In other words, the hints for each exercise were available in a video format including lecturer’s explanations. An example screen shot of a video hint is presented in (Fig. 2). During the contact hour the students used their mobile devices or computers to utilize the video hints. Moreover, one to three video hints were available for a single exercise. Thus, the students were offered the hints of variable proficiency level resulting in more personalized teaching during a classroom session.
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Figure 2: A screen shot of a video hint for integral exercise.

The most of the participants completed exp2 during the contact hours at classroom environment in small groups by using mobile devices or computers to watch the videos. However, students were also able to utilize the method after the contact hours as the short videos were published in Moodle learning environment after the class.
	The video hints were implemented on the topics that were known to be challenging ones for the students. An example of such a topic is the chain rule in reverse for integrals of the form
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Based on the previous experiences on the course, novice students find it difficult to understand why the expression of (1) can be written as
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To offer personalized learning, the topics of this type were selected to be videoed with hints. For example, the total duration of the video hint presented in (Fig. 2) was only two minutes. During this short video, the lecturer goes carefully through the steps and explanations required to see the equivalence between (1) and (2).

	
Experiment 3

Experiment 3 was carried out at Tampere University of Technology, in the bachelor of engineering course Fundamentals of Solar Electricity. The number of students in the course is about 100. The strong emphasis in the course is on understanding the fundamentals. Thus, much attention is paid on careful explanations related to the atomic level models of solid state physics. The idea is that after understanding the related phenomena, students have a possibility to see where the mathematical models of solar electricity arise from. However, the formalization of these models only has a minor role in the course. Thus, the success in the course does not necessarily call for the mathematical skills. Instead, the logical thinking is emphasized. The idea of utilizing short video lectures in this course was to offer personalized learning related to the most difficult details of the theory. According to the previous course implementations and their student feedback, some topics were known to be more challenging than the others. Thus, the problem was approached by offering short video lectures of these challenging topics.
The implementation of the short videos in exp3 was similar to the one in exp1. Hence, they were produced with iPad utilizing the app Educreations. However, the flipped classroom method was not utilized here. According to a previous student feedback, the explanation of a challenging topic is practically impossible to carry out successfully in a normal contact lesson, since both the background level and the concentration of students vary. In the best cases most of the students in a large group are able to keep up with the idea, but at least some of them miss the line of thought. Thus, in the normal contact lesson the problem is that no matter how careful and precise the explanation is, uncertain students do not have a possibility to rewind. The learning results of exp3 are based on the qualitative feedback given by the students.


Findings

In this section the results and findings of experiments are presented. First, the results of experiments 1-3 are discussed separately but later in the discussion section they are combined. The most quantitative statements were presented using 5-point Likert scale. In order to be able to remove responses not involved in the experiments the “don’t know/haven’t tried” option was additionally available (1=fully agree, … 5=fully disagree, 6=don’t know/haven’t tried). Thus, the amount of respondents varied depending on the statement.
In exp1 the short video lecturing and the flipped classroom method were tested in action. In this experiment, over one-third of the respondents (n = 125) were neutral or agreed (or fully agreed) that the difficulties in mathematics decreased their motivation towards the subject. However, almost half of them agreed (or fully agreed) that the videos have increased their motivation towards the course and three-quarters of them assessed that mathematics’ learning from the videos is meaningful.
The background and earlier studies clearly affect the results. The relation between the difficulties in mathematics and the motivation towards the subject seems to be the strongest among the student group with the background of vocational school. In this group, almost three-quarters of the ones who agreed (or fully agreed) that difficulties in mathematics decrease their motivation towards mathematics course, also agreed that “Using videos as teaching method increased my motivation towards course” (compare to Owston et al., 2011). In addition, about half of all the respondents reported that their motivation towards the mathematics course had increased due to the short video lecturing. Only 9% disagreed (or fully disagreed) this statement.
Already these findings can be considered quite significant. For example, according to TIMSS 2011 (Kupari et al., 2012), by international comparison, the appreciation of mathematics is in a very low level among the Finnish pupils. Only one-tenth of pupils were reported to like the subject. Against this background, all the possible methods to improve the students’ motivation and attitude towards mathematics should be utilized.
 Almost three-quarters of all the respondents (n = 132) estimated (agreed or fully agreed) that learning mathematics from videos is meaningful (11% disagreed or fully disagreed). In addition, nearly 90% (n = 131) agreed that in terms of learning the repeatability of videos was useful. The same viewpoint also arose from the qualitative feedback. In the following, some examples of the qualitative feedback are presented:

”In my opinion the [short video lecturing] is a good method to teach. A student can watch the videos many times and pause the video as needed. [The videos] helped me especially while doing exercises.”

”The videos were extremely important to me. The benefit was to be able to pause and replay the content. During the contact hours there is not this possibility.”

”The [short] videos were good. I learn better from the videos where the topic is explained [by the teacher] than reading the same content from a book.”

”The videos were good, as the exercises were explained in a step by step. They also enable blended learning which is good.”

According to the results, the most evident benefit of short video lecturing seems to be its repeatability. Students put a high value on the possibilities of pausing and rewinding, hence watching the videos as many times as required at their own pace. Another highly appreciated detail was the audio narration made by the lecturer.
Students were also asked to rank the different learning methods. Almost one-fifth (n = 131) of the respondents didn't agree that they learn mathematics by doing homework. However, over 80% of them agreed (or fully agreed) that the effect of videos on learning was significant. The results suggest that the short video lecturing has excellent possibilities in assisting the homework. At the same time, the opportunities for personalize learning would increase. 
In order to explore the most appropriate length of short video lectures, students were asked for their opinion of the optimal length. The responses varied between 1-23 minutes, the average being 6 minutes and 18 seconds (n = 88). These results are consistent with the literature (Pursel & Fang, 2011), since the students usually watch only the selected part of video lectures (e.g. a part of videoed face-to-face lecture).
In exp2 (n = 39), one-third of the respondents self-estimated their mathematics skills as weak or satisfactory. Furthermore, almost one-quarter felt to have inadequate skills in basic mathematics. Another detail causing difficulties was the shift from formulas to actual calculation. This was mentioned as a problem in one-third of the responses. As a conclusion, it can be estimated that about one-third of the respondents possess weak mathematical skills or face problems with mathematical tasks.
During the exp2 the video hints were used to offer more personalized learning. According to the results, two-third of the respondents agreed (or fully agreed) that the video hints method had significant effects on their learning. In addition, 64% evaluated that the instant feedback from the videos was valuable. Moreover, only about 10% of the respondents disagreed about the increased personalization due to the video hints method. Students’ self-evaluation and the responses were also compared. Almost three-quarters of those, who evaluated their mathematical skills between weak and good (levels 1-3), considered the instant feedback from the videos had significant effects on learning. In addition, almost half of this same group reported that the personalization of teaching increased significantly due to the video hints method (16% disagreed). Consequently, over 60% of the same students felt to have gained deeper learning than usually (13% disagreed). Overall, according to the students' own views, an evident result seems to be that the video hints method is a valuable way to offer personalized learning in a classroom environment. However, broader conclusions naturally call for more research with different study groups.
The results of experiment 3 align with the ones of experiments 1 and 2. In exp3 only the qualitative feedback was given, and few highlights can clearly be concluded from the results. First, according to the students' opinions, the most important benefit from the short video lecturing is the increased personalization. The possibility of pausing and rewinding was highlighted in multiple answers, with the reasonings related to the lack of concentration in contact lessons or the inappropriate pace of teaching. Hence, watching the videos as many times as required at students' own pace clearly arose as the number one benefit. Second, the short video lecturing was also seen as an important way to enhance self-studying. In the course of exp3, many students were unable to participate in the contact lessons. For this group, the short videos related to the most challenging technical details turned out to be "precious", as some students directly stated. Furthermore, although exceptional attention towards these details was already paid on the contact lessons, almost all the students still found these videos useful, even if they had already understood the topic in the classroom. According to the feedback, "it was nice to repeat the challenging details from the videos to ensure own understanding". Hence, according to exp3, the short video lecturing method clearly has its benefits also in understanding the fundamentals of physics without a direct requirement for mathematical skills.
Overall, the short video lecturing method by means of lecturing or flipped classroom method seems to be an effective way to personalize learning. From lecturer’s point of view the short videos reduced a sense of hurry in classroom sessions. The students were able to rehearse the difficult content at their own pace which facilitates the in-class sessions. Especially, the flipped classroom method showed its strengths in such topics that students have large proficiency difference. The idea was that in the beginning of an in-class session everyone had the required proficiency to do the exercises. Thus, the students with a weaker basis prepared themselves to the in-class sessions by watching the videos in advance. In this way, the ones with higher basic proficiency (e.g. in Vector Algebra) were not frustrated, since in the in-class sessions they were directly able to go to the exercises. 
	

Conclusions

In this paper, the experiences of the short video lecturing method in engineering studies were presented. The aim was to personalize the teaching by enabling blended learning, and also the flipped classroom method was tested. The separated experiments were implemented at Tampere University of Applied Sciences (mathematics) and Tampere University of Technology (science).
According to the results, the short video lecturing can be considered as a useful method to enhance learning in engineering studies. Almost 90% of mathematics’ respondents agreed that the repeatability of videos had an effect on their learning. This important viewpoint also rose from the open responses. Regardless of the substance, watching the videos as many times as required at students' own pace, was a highly valued feature. According to students' view, learning from the short videos at one's own pace typically overcomes the achievable level of learning in the classroom. Naturally, in the contact lesson students lack the possibilities to pause and rewind.
	In order to offer personalized learning, also the method of video hints turned out to be effective. Two-third of the respondents in the integral calculus course evaluated that the instant video feedback had significant influences on their learning. In addition, over 60% considered to have learnt better with video hints method than during the traditional contact teaching (13% disagreed). According to the results, it seems that the utilization of videos for learning personalization in classroom environments certainly deserves further investigations.
	According to this study, the optimal length for a short video lecture is 6 minutes and 18 seconds. This resulted as an average from the 88 responses ranging from 1 to 23 minutes. This is consistent with the literature, since e.g. Soong et al. (2006) and Pursel & Fang (2011) found out that students prefer to watch only the selected part of the authentic video lectures.
	Another important result was that about half of the mathematics students observed an increase in their own studying motivation due to the use of short video lecturing. Only 9% of the respondents disagreed this statement. We think that this finding deserves much attention. Nowadays, the high drop-out rate in engineering studies is a nationally recognized grievance calling for a solution. According to the results of this paper, we suggest that the utilization of the short video lecturing method seems to be a meaningful learning method and have a positive effect on the motivation related to engineering studies. However, in order to draw any wider conclusions, more research needs to be done.
	Overall, according to this study, the method of short video lecturing has significant possibilities in enhancing learning in engineering studies. As a consequence of increasing amount of technical devices for learning purposes, students prefer to study more and more outside the classroom without any time-bound. The video lecturing offers an excellent method to meet this need. According to the results, the personalization and the possibility to adjust the pace of learning are the key issues behind the enhanced learning due to the short videos. However, in order to draw broader conclusions, more research needs be done with different topics and student groups.
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