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Abstract

Acoustics is a major concern in urban environment. Some acoustics branches concerns the environmental impact of cities. The specific problems of different spaces, such as roads, airports, railway or underground stations, range from noise pollution to poor speech intelligibility of public address systems. The solution to these problems requires the combined action of the public regulatory agency, the engineering development and the information and education management. In the educational field, the inclusion of Acoustics contents in the university curricula should help to form students of technical areas in the search of solutions to this type of problems.

In this work, we describe and analyze the “Acoustics Course” integrated in the “Environment and Sustainable Development” formative itinerary given by the shared virtual campus proposed by the Spanish universities of the Group 9. The course is designed for students with different background, but the majority comes from engineering areas. According to the orientation of the European space for higher education, the teaching model is centered in the learning process of the student and emphasizes the tutorial teaching work.

Students begin their computer-based learning with a description of fundamental concepts, basic theories and techniques relating to general acoustics. Lessons on the influence of the room on the perceived sound, the noise sources, the noise control and its isolation, the physiology of hearing and the impact of noise on human beings are included. Students work with texts, examples, simulations, proposed exercises and references. In addition, they are asked to develop acoustics projects (room acoustics quality, noise mapping, acoustic material use, noise reduction, noise perception, etc.), in a collaborative form. 

The course includes a series of pretests and post-tests. Pretesting is a method that helps “target” instruction and, used with a later post-test, allow us to analyze the effectiveness of the students learning and to detect difficulties for learning acoustical concepts.
1.
Introduction
In our environmentally conscious age, some industries are facing tighter restrictions than ever before and environmental noise has to meet demanding limits. Often these are set to as little as 5 dB above background levels, leaving little room for new development. Efficient noise mapping skills shorten project times and other abilities to accommodate a particular activity or rate of an activity without unacceptable environmental impact are increasingly demanded. As this fact grows along with our University students’ expectations, we offer modular courses on these topics covering theory, virtual lab and tests. Thanks to the empowering nature of the internet, local students can get information on course activities from remote classrooms. Through a web forum – typically integrated into G9’s website – participants can instantly access the same information as the professor. Not only does this promote activity, it also allows the professor to forestall demands or complaints by posting a schedule of different activities, it proves regulation compliance, and it allows students to identify and replay individual course events.
2.
Course topics and teaching materials
The course is designed for a large segment of students coming from different academic environment. Most of them come from technical and scientific fields (engineering, architecture, physics, chemistry, etc.), but also we find some students coming from other specialties included in social, economics, health and other knowledge areas.
The teaching model in centered in the students’ learning process. In this framework, the learning objectives are the set of competences that the students have to develop. They will be able to: 
· Demonstrate understanding of scientific theories related to sound

· Analyze, interpret and provide solutions to practical problems 
· Locate, evaluate, and synthesize material related to the subject from diverse sources

· Obtain/develop self-learning and self-evaluation skills using the interactivity potential of multimedia and computer and 
· Participate effectively in groups with emphasis on listening, critical and reflective thinking, and responding.
The course contains several units that can be understood by people with basic training in Physics and Mathematics. The complete course is divided into five modules that cover the following areas:

· M1: Basic Physical Notions
· M2: Physiology of Hearing

· M3: Influence of the Room on the Perceived Sound

· M4: Noise sources, control and isolation

· M5: Noise Effects on Human Beings

The edited teaching materials include text, diagrams and formulas, examples, simulations written in Java language, proposed exercises and references. The physical processes are described using both qualitative (pictures, graphs, diagrams) and quantitative mathematical representations. Qualitative representations build a bridge between the verbal and the mathematical representations. Experimental work can be done using some interactive simulations that allow the observation of the studied phenomena with different physical conditions.
3.
Methodology and evaluation
The course activities are developed in a virtual classroom using [image: image1.png]


 during fifteen weeks. This learning environment is handy for an online course because the information is presented in an accessible format and includes discussion forums, quizzing functions, calendars, etc. The discussion forums can be used to different activities: start a discussion about a topic of interest, post notices about events and opportunities, ask others for assistance or information, or respond to someone else's request for help. 
The course combines individual and teamwork. The individual work includes the study of each section, and the fulfillment of the experimental virtual activities and the quizzes included in each section. Self-evaluation exercises can be completed in any moment and help the individual study of each section. These tests permit the students to find the difficulties and misconceptions. 
The experimental virtual activities are included in the first module (M1). When the experimental work has been performed, a laboratory report should be written. The lab report details the results and findings of the laboratory experiment and presents the conclusions.
The teamwork is related to the development of a project, including paper writing and exposition. 6-8 students particularly interested in a topic compose teams. The students carry out individual and cooperative research using the forums as space for discussion. The results of the research are presented in a written report. The teachers evaluate clarity, consistency and completeness of work and the relevance of the information sources used. Then the works are presented in a "virtual conference" in the classroom. During the “conference”, students have to participate in their group presentation, to attend to the presentations of other groups and to discuss in the forum of the classroom. The role of the teachers is to facilitate an atmosphere of peer learning between students in the virtual conference and to ensure that the group achieves appropriate learning objectives. 
Students are evaluated according to the acquired competencies through their participation in the tutorial forums, the written summaries of the experimental virtual work, the written tests/essay exams, the written teamwork report, and the public exposition of the teamwork. Table 1 shows a summary of the activities and the evaluation form for each course module.
Table 1: Summary of the course methodology and evaluation.
	Unit
	Extension
	Activities
	Evaluation

	Presentation

M1
Three of the four modules: 
M2, M3, M4, M5

The remaining module of the four: M2, M3, M4, M5

	Week 1
Weeks 2 to 5
Weeks 6 to 10
Weeks 11 to 15


	Presentation message
Fill in personal data
Pre-test

Individual study

Experimental activities

Post-test

Individual study

Post-test

Team project:

Paper writing

Exposition
	Participation
Pre-test

Lab report

Post-test

Participation

Post-test

Participation
Paper

Exposition

Participation


4.
Results of the implementation during 2010-2011 year
4.1
Students
Students come from diverse areas: Science and Technology (S/T), Health (H), Social and Economics (S/E). Some of them do not reveal their area of origin, so they have been assigned to an “unknown area (U)”. In addition, some of them (30%) have training in music or are very interested in this field.

Twenty-two students, of the sixty-four students enrolled (34%), drop near the beginning of the course. This dropout rate is similar to that of other free election subjects of the Spanish University. We consider that a student drops out of the course when he/she does not finish two or more activities.
Figure 1 shows the students enrolled and the dropout rate detailed for the different areas. We have used the following definition:
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Figure 1: Number of students enrolled and dropout rate (%) during 2010-2011 year. 

S/T=Science and Technology, S/E=Social and Economics, H=Health, U=Unknown areas.
The majority of students come from technical or scientific areas, and these two areas present the lowest dropout rate. Table 2 shows the monitoring of students’ activities.
Table 2: Number of students (per area) that have completed the course activities.
	Unit
	Activities
	S/T areas
	S/E areas
	H area
	U area

	Presentation

M1

Individual work

M2 to M5

Teamwork
M2 to M5

All
	Presentation message

Fill in personal data
Pre-test

Lab report

Post-test
Post-test

Paper
Exposition
Participation 
	30

18

18

28

25

30

30

30

30
	2

1

2

2

0

2

2

2

2
	5

3

4

3

4

5

5

5

5
	3

2

3

5

5

5

5

5

5


4.2
Pre- and post-tests of Module 1
The basic concept inventory (BCI) is a 20-question multiple-choice test, used as a measure of student knowledge and understanding of Acoustics basic concepts, and is given at the beginning of the course. At the end of the fifth week, in the post-test, the students develop five of the questions of the BCI.
The questions included in the post-test are the following: 
· Q1: Discuss what happens to the displacement, when velocity takes its minimum value, in the simple harmonic motion.
· Q2: A 100g-block is attached to a spring (spring constant k=100N/m). For t=4s the amplitude is At=4 =0.7At=0. Calculate de quality factor of the system.
· Q3: A longitudinal wave travels in a bar. Describe the motion of the bar molecules.
· Q4: How many nodes have the third harmonic of a tube of air open at both ends?
· Q5: Explain the difference between sound and noise.
Interpretation of BCI results have been made using the normalized gain (G), defined as the change in score divided by the maximum possible increase:
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G can be described as a measure of the fraction of the concepts learned that were not already known at the beginning of the course.

The following tables show the data obtained. Table 3 shows the values of Pre-test and post-test scores and Normalized gain (G) obtained by 31 students of the course. Table 4 shows the mean values of the same parameters. In this case, the Hake’s normalized gain (<g>), obtained from the class averages of pre-test and post-test scores, is shown. Table 5 shows the same quantities for each post-test question. 

Table 3: Pre-and post-test scores and Normalized gain (G) obtained by different students.
	Student
	Area
	Pre-test score (%)
	Post-test score (%)
	G

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31
	S/T
S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

S/T

H

H

H

H

U
	100

40

60

100

40

40

80

20

40
40

60

100
0

40

60

20

60
40

80

20
80

20

80
60

20

80
0

80

20

40

80
	50

40

70

80

60

80

60

70

60

60

80

70

20

85

40

0

100

80

60

75

75

60

70

90

0

90
35

70

30

70

50
	0.00

0.00

0.25

0.00

0.33

0.67

-1.00

0.63

0.33

0.33

0.50

0.00

0.20

0.75

-0.50

-0.25

1.00

0.67

-1.00

0.69

-0.25

0.50

-0.50

0.75

-0.25

0.50
0.35

-0.50

0.13

0.50

-1.50


Table 4: Mean values of the Pre-and post-test scores and Normalized gain (<g>).
	Number of Students
	Class average

pre-test score (%)
	Class average

post-test score (%)
	Hake’s normalized gain <g>

	31
	52
	61
	0.19


Table 5: Mean values of the Pre-and post-test scores and Normalized gain (<g>) for each question of the post-test.
	Question number
	Class average

pre-test score
(%)
	Class average

post-test score 
(%)
	Hake’s normalized gain <g>

	Q1
Q2
Q3
Q4

Q5
	50
39
68.5

57

72.5
	73

21.5

73

41

74
	+0.46

-0.29

+0.14

-0.37

+0.05


4.3
Laboratory reports of Module 1
There are sixteen experimental virtual activities included in M1. They are related with harmonic motion; resonance; longitudinal and transverse waves; standing waves; reflection, refraction, diffraction and absorption of waves; Doppler Effect and Fourier analysis. 

At the end of the fifth week, each student presents a final laboratory report that includes the results and findings of the experiments and presents the conclusions. This part of the course is difficult for the students coming from social, economic and health areas, so the mentoring/tutoring of the teachers and the peer tutoring are essential to achieve learning objectives. The different communication tools of the moodle platform are used: email for individual tutoring and forum for group tutoring, peer tutoring and mentoring.

Table 6 shows the class averages (38 students) of lab reports scores. The results are slightly different, indicating that the difficulty of the experiments is similar. The class average score for the complete report is 67%.
Table 6: Lab reports average scores.
	Experiment number
	Average score

(%)

	1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16
Total
	63

66

66

71

67

68

68

70
70

64

69

59

67

65

65

70
67


4.4
Post-tests of Modules 2 to 5
The post-test of each module is a 5-question multiple-choice test, used as a measure of student knowledge and understanding of the module topics. At the end of the tenth week, the students make the post-test of three modules. Table 7 shows the average scores (%) obtained by 42 students.
Table 7: Average values of the post-test scores for the different modules of the course.
	Module 2
	Module 3
	Module 4
	Module 5

	Average post-test

score (%)
	Number of Students
	Average post-test

score (%)
	Number of Students
	Average post-test

score (%)
	Number of Students
	Average post-test

score (%)
	Number of Students

	90
	30
	96
	30
	78
	24
	61
	42


4.5
Team projects of Modules 2 to 5

Seven teams composed by six students have developed projects about topics of modules 2 to 5. The students present a written report and expose their research in a "virtual conference" in the classroom. Evaluation focuses on clarity, consistency and completeness of written work, the relevance of the information sources and the quality of the questions and the answers in the forum discussion. Table 8 shows the most important data of these activities developed by 42 students. The obtained results are similar to those of the previous courses with an average score of 75%.
Table 8: Number of students (per area) for the teamwork.
	Module
	Number of teams
	S/T areas
	S/E areas
	H area
	U area

	M2

M3

M4

M5
	2 (12 students)

2 (12 students)

3 (18 students)

0 (0 students)
	7

12

11

0
	0

0

2

0
	5

0

0

0
	0

0

5

0


5.
Discussion and conclusions
Module 1 contains and develops the key concepts that form the basis for all the Acoustics branches. Knowledge and understanding of these basic physical notions is essential for the study of other modules. For this reason, in this module individual study is reinforced by the experimental work. Using computer-assisted methods, like interactive simulation, in physics laboratory is suggested by some researchers in order to gain abstract concepts to the students and so to increase students’ achievements. The interactive simulations of the virtual laboratory help the students to develop problem-solving strategies, and are useful in the study of difficult concepts. In general, the result of working with the simulations is satisfactory, when efficiently combined with the tutoring.
The results obtained for pre- and post-tests in module 1 show values ​​of normalized gain (G) greater than 0.3 for 50% of students. The values of class average gain cited in other works, moves from 0.2 for traditional courses, to 0.3-0.6 for courses using active learning or interactive engagement. These results suggest that these strategies are more effective than traditional approaches. The normalized gains of post-test questions (Table 5) suggest that students have achieved a good level of qualitative knowledge but have difficulties performing physical parameters calculations. This conclusion seems reinforced by the results of the post-test scores for the rest of the course modules. The gain values do not depend on the area of origin of students.
The virtual learning environment provides a collection of communication tools that permit the students to develop projects working in groups. The two major objectives of a group project are what is learned (knowledge and processes) and what is produced (written report and presentation). The efforts were directed to improve the tutoring and to organize a virtual conference in the classroom similar to a Scientific Conference. Each group of students prepares a presentation of their work that they present in a forum. After the presentation, the rest of the students ask some questions, make comments or suggestions, etc. Students evaluate positively this activity and its results.
The students’ interest for the different Acoustics areas is mainly concentrated between room acoustics and noise issues. The former includes topics as outdoor and indoor acoustics, or room acoustics qualities, related with comfort and effectiveness of some usual activities. For example, research indicates that poor classroom acoustics, with bad conditions for hearing and comprehension, are educational barriers for children. The second one includes acoustical isolation, conditioning and noise control, also related with well-being in daily life activities. 
Students show an increasing level of interest concerning noise problems, noise policies and noise control options. The acoustics organizations, professional societies and universities should be involved in the promotion and development of solutions for these problems.
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