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Abstract: Physics education research and engineering education research have developed a plenty of good practices to enhance the students’ learning outcomes. Combining practices together introduces new method to study introductory physics at Tampere University of Applied Sciences. This new method was piloted with 122 engineering students and the results are compared with a group of 105 students educated with a traditional method. In this approach, the routine-like parts of education were transferred to video clips presented in YouTube, leaving time for active learning methods and group assignments during lectures. The feedback from the students is promising and the percentage of students that passed the course was higher than with the traditional teaching.



Introduction

	During the last two decades, entry-level engineering students’ basic abilities in Mathematics and Physics – the basis of engineering education – have decreased dramatically in Tampere University of Applied Sciences. To meet the challenge to educate professional bachelor level engineers with sufficient natural-scientific background, effective education methods are needed. Physics education research and engineering education research have developed a plenty of good practices to enhance the students’ learning outcomes. Combining practices together introduces new method to study introductory physics in Tampere University of Applied Sciences. The method, “Combining good Practices”, was introduced by the authors in SEFI annual conference 2013 (Tiili, & Suhonen 2013) and piloted in Tampere University of Applied Sciences during autumn 2013. The method itself does not contain anything completely new, but combines the following practices to enhance the learning outcomes:
1.	Active engagement
2.	Peer education
3.	Interactive lecture demonstrations
4.	Tutorials
5.	Pre-lecture assignments
6.	The use of video and multimedia content
7.	Data logger -based measurements

Interactive engagement classes achieve better learning outcomes compared to the traditional classes, especially if a correct qualitative level understanding is measured. According to Hake’s survey of 6000 students (Hake 1998), students on the interactive classes got significantly better scores on the Force Concept Inventory (Hestenes et al. 1992), than students on the traditional classes. 
The active engagement can be raised using peer education, the pedagogical method in which students interact in cycles explaining core concepts to other students. A method may vary depending on the instructor, but in general, after the short presentation, the instructor gives students a conceptual, often a multiple choice question, in which students first give an individual answer, which is reported to the instructor. After that students discuss their answers in small groups aiming to convince the fellow students about the correctness of their own answer. This requires explaining their reasoning, which makes them more aware of their own reasoning. After discussion the answer is asked or polled again. The use of modern educational equipment, the audience response systems (“clickers”) helps the collection and presentation of the answer data. (Crouch & Mazur 2001) The method of peer education supported by clickers was used in teaching engineering dynamics. Students performed in the same level in computational problems, but achieved better conceptual understanding compared to traditional method (Schmidt 2011). 
“Interactive lecture demonstrations” is similar method to peer education, except it always includes a demonstration, with or without microcomputer based laboratory (MBL) system. The method includes demonstration, an individual prediction of what will happen, a group discussion with a final prediction prepared in a group, a demonstration with a possible MBL measurement and a group discussion of interpreting what really happened. 	(Sokoloff & Thornton 1997) Similar methods without audience response system has been used earlier in Tampere University of Applied Sciences (Kolari, et al. 2004) (Kolari, et al. 2005), but the implementation using papers instead of “clickers”, was very time consuming. 
Tutorials in physics teaching are short conceptual sessions in small groups usually before lectures. The working system is often similar to peer instruction, but implementations vary. The idea is to use the contact time between instructor and the students effectively and start the conceptual process before the lectures. The conceptual process can also be ignited with tutorial video clips (Callens et al. 2011) or different kind of pre-lecture activities like textbook reading assignments or use of multimedia modules (Sadaghiani, 2012). 
The video content can be used in several different ways. The use of tutorial video clips (Callens, et al. 2011) reduced the number of frequently asked questions. The video material can be used as routine-like material or extra material for heterogeneous groups. The video material can also be used in combining theory into practice with digital video analysis (Laws & Pfister 1998). Especially in mechanics courses, a movement of an object can be traced using video analysis software. The method of video analysis is reported to raise the motivation of the students, and improved their understanding of natural-scientific principles more deeply than traditional methods (Hockicko 2012, Hockicko & Ondruš 2012).


The new method

The basic difficulty in studying introductory engineering physics has been the ability to understand the connection between the real-life concrete situation and the abstract symbolic world of quantities with relations between them. Nowadays some problems occur even in basic quantitative predictions and calculations. The key to the situation is to encourage students to take more responsibility of their own learning and improve their motivation to engineering physics studies. The course schedule consists of seven weeks and the schedule system of the study method is presented in the Fig. 1.
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Figure 1: An exemplary week schedule of the study method

To enhance learning outcomes, a special effort is first applied to create correct qualitative-level understanding of the phenomena, the meanings of quantities and the physical laws. The plan is to introduce any new subject matter with a series of conceptual questions using demonstrations interactively with peer education. Audience response system (“clickers”) could be used to get responses quickly. The clickers limit the educational discussion to the multiple-choice questions, so clickers were mainly abandoned to collect mutual answers in spoken words. Some of the subjects are underpinned beforehand with a series of qualitative-level pre-lecture assignments.
 	After the qualitative understanding, studying continues with traditional quantitative calculations and quantitative-level problems. Routine-like calculations and some extra examples are introduced using video-content. Instead of reviewing students’ homework during classroom teaching, they can check their own solution and study the correct methods by watching and listening teacher doing the calculations on video. In this way, valuable contact time is saved from routines to those subjects that students find most challenging. Some simple measurement tasks are used to combine the qualitative-level understanding with quantitative-level calculations. Measurement tasks were assessed as a part of the course grade. For every two weeks a short ½ - 1 hour exam is carried out.
Students are shared to groups of 4-5 to be used both at the measurement tasks as well as during independent study time. The group is responsible for outcome of measurement task and for helping each other during autonomous exercise sessions. By grouping the freshmen, it is hopefully possible to enhance their commitment to their studies.


Assessment

Final grade is formed from week-exams, measurement tasks and the final exam. The weights of the different types of assessed tasks are shown in Table 1. By using week exams, it is possible to change the balance of assessment from summative towards formative assessment and thus the teacher has more knowledge to guide the students during learning process. 

Week
Task
Weight
1.
Measurement
5 %
2.
Week exam
10 %
3.
Measurement
5 %
4.
Week exam
10 %
5.
Measurement
10 %
6.
Week exam
10 %
7.
Final Examination
50 %

Total:
100 %












Table 1: Assessment in the new method.


The Study

Following topics were studied. 
	How did the students feel to study with the new method and what practices were the most helpful for them in order to improve their understanding? 
	How and how much the students used video contents during the course? 
	Indicative comparison of the learning outcomes with those obtained using traditional teaching method.


The study was carried out with seven student groups consisting of a total number of 227 students (Table 2). There were four instructors, of which two used the new approach and two relied on traditional way of teaching (lectures, lecture demonstrations, exercises and final exam). Below, all students educated with the new approach are called group “A” and those educated with traditional approach are called group “B”. All groups had six hours of lectures during which the instructor was present. In the new method, student groups worked also autonomously without an instructor as described in previous chapter. These sessions are not counted to the number of lecture hours. 





Participation in lectures*
Name
Teaching method
N
Lec./week
100 %
>75 %
> 50 %
Group A
New approach
122
6 h
83 %
96 %
100 %
Group B
Traditional approach
105
6 h
70 %
84 %
95 %
* The participation percentages are based on students’ own reporting.

Table 2: Student participation

Data was gathered using a questionnaire, which was filled in a lecture at mid-course. The learning outcomes were measured using the percentage of the students that passed the course and compared to the other student group of the same course but a different instructor using the traditional method. The results of the comparison of learning outcomes are only indicative, because the study does not contain scientific pre-test – post-test setup.


Findings

Time Usage

Our presumption was that the new teaching method would make the students to use more time to study physics. According to the survey results (Fig. 2) the time students used to study course contents outside the lectures is described in Fig. 2. The figure shows that the group A used slightly more time, (c.a 40 min on the average) studying outside the classroom. The group A used 4,7 hours per week on average to study outside classroom, whereas group B used 4,0 hours. Our presumption turned out to be correct, even though the difference was not as large as we had expected. 

Time studied outside
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> 0h
100 %
96 %






≥ 2h
94 %
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≥ 4 h
65 %
54 %






≥ 6 h
30 %
18 %






≥ 8 h
9 %
7 %






≥ 10 h
3 %
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Figure 2: Student’s weekly time consumption outside classroom.

Activity

On a traditional lecture, students tend to be quiet listeners taking notes and making questions occasionally. Our aim was to change this position to actively engaged learners, who are discussing with each other and are able to rationalize and justify their ideas and solutions to each other. The students’ active engagement was achieved by measurement assignments and workgroup assignments. According to Fig. 3 /question 1, most of the student had worked actively (73%) in their group or at least participated (16%) to the group work. Some of the students (10%) felt that their skills don’t allow them to contribute to the teamwork. This result together with students’ answers to open questions and instructor interviews, show that with the new method it is possible to activate the students and encourage them to take responsibility of their own learning. 
The students were supposed to complete group assignments on their own time and therefore they needed to find ways to cooperate and discuss about the topic. In Fig. 3, question 2 shows which methods or platforms they used to cope with the group assignments. Most of the students gathered together to carry out calculations etc. but a remarkable amount of them used also social media. Even though e-learning platform (Tabula/Moodle) was used in the courses, it was not popular among this student group. 
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Figure 3: Answers to survey questions:
1: “How actively you have worked in your group?”
2: “Which methods or platforms do you use to communicate with your group?”


The learning environment is not always easily adapted to new teaching methods. Fig 4. shows a student group carrying out a measurement assignment in an auditorium. This room type is not very well suited for the teaching approach presented in this study. 
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Figure 4: Student group carrying out a measurement assignment during a lecture in auditorium.

Home assignments & video content

	The traditional physics teaching method in Tampere University of Applied Sciences uses (semi)compulsory homework that is assessed. During lectures, the students are asked to write their homework calculations on white board and explain their reasoning. These homework problems are then discussed largely. One of the student groups included in this study was asked to evaluate this homework checking method and the answers are shown in Fig 5. More than half of the group thinks that there is no need to go through all homework problems or at least the time should be shorter.
Due to the time needed for active engagement tasks and measurement assignments, routine like material needed to be removed from the lectures. In our new method, the students are still given plenty of home assignments but they aren’t compulsory. Instead, we offer the students the solutions to the problems in a video format using university’s YouTube-channel. It is up to the student’s sense of responsibility and motivation to make the calculations first and only after that watch the video clip, if necessary. Majority (90%) of the students has used this opportunity as shown in Fig. 5 and most of the students (85%) consider it as a great way to go through the homework problems. Some (10%) of the students find it too tempting to watch only the video without own effort. In the survey’s open questions the students told that when they were not able find how to start to tackle a calculus based problem, they watched the beginning of a video clip and then continued themselves. They also told that they found it very helpful to have also the “story” about how to solve the problem, not just plain symbols and numbers as in a written solution.
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 Figure 5: Answers to survey questions:
1: “What is your opinion about the homework checking method used?”
2: “How many video clips have you viewed?”
3: “What is your opinion about using video clips to go through homework?”


A very “low-threshold” method to produce and distribute video clips to the students was chosen. Fig. 6 shows an instructor recording video material using iPad and a self-made holder. An istructor starts with a blank A3 and as she/he writes the calculations she/he also simultaneously explains the reasoning behind the solution. The microphone is close enough to the mouth to produce adequate voice quality. University’s YouTube-channel is then used to distribute the video content to the students, which  is commented that finally the instructors and the materials are there, where the students are: some and YouTube.
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Figure 6: Instructor recording the video content with iPad and self-made holder.

Learning outcomes

To compare the learning outcomes of the two different groups, the data of passing the course is presented in the Table 3. Data shows that with the new method, the percentage of passed students is higher than traditional method. Unfortunately, the grade information was not available.
	



Course
Name
Teaching method
N
Pass**
Group A
New approach
122
95 %
Group B
Traditional approach
105
80 %
** The pass/fail information wasn’t available for all seven groups, therefore the percentages presented are based on 100 students (Group A) and 79 students (Group B). 

Table 3. Data for passing the course

Conclusions

According to our survey questions and interviews with instructors, the new method to study physics at Tampere University of Applied Sciences has:
	Increased the students’ activity during lectures.
	Increased the time students used to study physics.
	Increased the awareness of the students of their level due to the continuous assessment and feedback.

Helped the students to divide their effort and workload evenly throughout the course. 
	Increased the versatility of the lectures, they now have lots of peer work, measurement tasks etc.
	Increased the percentage of passed students.
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