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INTRODUCTION

Improvement of science education is a significant need that has received considerable 

attention throughout the world. The challenges, while great in the developed world, are even 

greater in the developing world where well-trained teachers, effective materials and even the 

most basic scientific equipment and supplies are often in short supply. In its efforts to promote creativity and innovations in the way introductory physics is taught at the university level, UNESCO has supported activities in different developing countries to address the need for teacher upgrading and to introduce innovative learning approaches.1-3 In recent years, the focus in workshops for teacher trainers has been on the active learning approach. This has included the development of teaching and learning materials that incorporate this approach. The introduction of active learning in physics in developing countries is especially encouraged by UNESCO because it fosters hands-on laboratory work, promotes conceptual learning and encourages instructors to do research in physics education that may lead to a significant improvement in their students’ learning. The goal of these active learning UNESCO projects is to foster the implementation of student-centered, minds-on, hands-on learning as much as possible in introductory physics courses.
Why Active Learning?

Active learning in physics, developed over the last decade, has been demonstrated in the United States and other developed countries to enhance student understanding of basic physics concepts.  In this learning strategy, students are guided to construct their knowledge of physics concepts by direct observations of the physical world. Use is made of a learning cycle including predictions, small group discussions, observations and comparison of observed results with predictions. (This learning cycle can also be represented as PODS—Prediction, Observation, Discussion and Synthesis.) In this way, students become aware of the differences between the beliefs that they bring into the introductory physics classroom, and the actual physical laws that govern the physical world. An evolving product of many years of physics education research, the active learning method has been demonstrated to measurably improve conceptual understanding.4-10  It reproduces the scientific process in the classroom and aids in the development of good physical reasoning skills. Table I-1 compares the characteristics of active learning environments to traditional (passive) environments.

Table I-1:  Passive vs. Active Learning Environments
	Passive Learning Environment
	Active Learning Environment

	Instructor (and textbook) are the authorities--sources of all knowledge.
	Students construct their knowledge from hands-on observations.  Real observations of the physical world are the authority.

	Students' beliefs are rarely overtly challenged.
	Uses a learning cycle in which students are challenged to compare predictions (based on their beliefs) to observations of real experiments.

	Students may never even recognize differences between their beliefs and what they are told in class.
	Changes students' beliefs when students are confronted by differences between their observations and their beliefs.

	Instructor's role is as authority.
	Instructor's role is as guide in the learning process. 

	Collaboration with peers often discouraged.
	Collaboration and with peers is encouraged.

	Lectures often present the “facts” of physics with little reference to experiment.
	Results from real experiments are observed in understandable ways.

	Lab work, if any, is used to confirm theories "learned" in lecture.
	Laboratory work is used to learn basic concepts.


Of critical importance is the change in the role of the instructor when active learning materials are introduced into the classroom. In both the developed and developing worlds, it can be challenging for a physics instructor to pull back from her/his traditional role of explaining everything as the authority, to a role as guide through active learning materials. For this transition to be successful requires acceptance of the evidence that introductory students often do not learn effectively even from the most logical explanations by their instructors, and faith in the effectiveness of active learning materials in teaching concepts. The ease of this transition is dependent not only on a willingness to give up the role of authority, but also on a number of cultural factors that differ from country to country. This is the ultimate challenge in presenting active learning training workshops in different parts of the developing world, and is one important reason why recruitment and training of local trainers has been incorporated into this project. 

Active Learning Labs and Interactive Lecture Demonstrations

Examples of active learning materials in the developed world include materials from the Physics Suite, published by John Wiley and Sons.11 These include hands-on laboratory materials like RealTime Physics12 (from which parts of Module 1 in this Training Manual are adapted). In their original forms, these materials make heavy use of technology, especially microcomputer-based tools and modelling software. With such tools and curricula, it has been possible to bring about significant changes in the laboratory learning environment at a large number of universities, colleges and secondary schools in the developed world, without changing the lecture/laboratory structure and the traditional nature of lecture instruction.4-5 In addition, workshop materials, like Workshop Physics10,13 have also been developed. While Workshop Physics has been demonstrated to be very effective, its implementation requires a complete restructuring of the introductory course (including the elimination of lectures). Therefore, its use is somewhat limited in both the developed and developing worlds. 

While laboratory-based active learning approaches have been demonstrated to be successful in the U.S. (and parts of the developed world), and there is considerable evidence that traditional approaches are ineffective in teaching physics concepts,4-10 most physics students in the world continue to be taught in lectures, often in large lectures with more than 100 students. To improve learning without significantly changing the structure of the introductory course, it is also necessary to design a strategy to make learning in large (and small) lectures more active. Physics education research work, primarily at the University of Oregon and at Tufts University (in the United States), has led to the development of a teaching and learning strategy called Interactive Lecture Demonstrations (ILDs) to improve conceptual learning in lectures.14-15 A procedure for ILDs has been formalized that is designed to engage students in the learning process and, therefore, convert the usually passive lecture environment to a more active one. Table I-2 lists the eight steps of the procedure. 

Student involvement in understanding these simple conceptual demonstrations is obvious from observations in the classroom. Most students are thoughtful about the individual prediction called for in step 2, and the small group discussions (step 3) in a large lecture class are initially quite animated and "on task." In time, however, the prediction will be made and the discussions may begin to stray into extraneous matters. The instructor must observe the students carefully, and pick an appropriate time to move to the next step.


Step 4 is facilitated by using a transparency made from the Prediction Sheet, and sketching student predictions using different colored pens. This is a brainstorming activity, and no commentary should be made as to whether a prediction is correct or incorrect. If no students volunteer predictions that represent the common misconceptions for a demonstration, the instructor may want to record these, saying that “a student in my last class made this prediction.” The purpose of this step is to help validate all the predictions made by students in the class. It can also be supplemented by taking a vote after all predictions are recorded. When time is short, the instructor may skip this step.

Table I-2: The Eight Step Interactive Lecture Demonstration Procedure

1.
The instructor describes the demonstration and—if appropriate—does it for the class without measurements displayed.

2. 
The students are asked to record their individual predictions on a Prediction Sheet, which will be collected, and which can be identified by each student's name written at the top.  (The students are assured that these predictions will not be graded, although some course credit is usually awarded for attendance and participation at these ILD sessions.)

3. The students engage in small group discussions with their one or two nearest neighbors.

4. The instructor elicits common student predictions from the whole class.

5. The students record their final predictions on the Prediction Sheet.

6.
The instructor carries out the demonstration with results clearly displayed. 

7.
A few students describe the results and discuss them in the context of the demonstration.  Students may fill out a Results Sheet, identical to the Prediction Sheet, which they may take with them for further study.

8. Students (or the instructor) discuss analogous physical situation(s) with different "surface" features.  (That is, different physical situation(s) based on the same concept(s).)


Notice that in steps 7 and 8 it is the instructor’s task to get students to give the desired answers. The instructor must have a definite “agenda,” and must often guide the discussion toward the important points raised by the individual ILDs.  The instructor should avoid lecturing to the students. The discussion should use the experimental results as the source of knowledge about the experiment. If students have not discussed everything that is important, then the instructor may need to fill in the gaps.


This manual includes some materials that are intended for use as active learning laboratory activities, some that are intended as ILDs, and some that can be used in either way. More details will be found in the section Contents and Use of this Manual, below. 

History of the UNESCO Active Learning Projects

As of early 2006, the time of writing of this Training Manual, the following international active learning activities have taken place under the auspices of UNESCO:

January, 1999, initial active learning short course presented to Asian Physics Education Network (ASPEN) participants in Australia

February, 1999, meeting and workshop in Laos

November, 1999, workshop in Vietnam

July, 2000, workshop in South Korea 

February, 2001, trainers’ workshop in the Philippines

February, 2001, workshop in Sri Lanka

June, 2001, workshop in Malaysia

October, 2001, workshop in Laos

December, 2002, meeting and workshop in Sri Lanka
September, 2003, workshop in Ghana 

November, 2004, optics workshop in Ghana

March, 2005, optics workshop in Tunisia


Active learning strategies were introduced to the participants in the January, 1999 ASPEN workshop by David Sokoloff (University of Oregon), Priscilla Laws (Dickinson College) and Ronald Thornton (Tufts University). Several participants from this workshop were chosen as trainers for future workshops. These educators have served as trainers in the workshops held since that time. They, in addition to other trainers recruited along the way, are the authors of the modules that make up this training manual.

Active Learning in Optics and Photonics

The original set of active learning activities in these UNESCO sponsored programs covered a range of physics topic areas, including mechanics, heat and thermodynamics and electricity. The Active Learning in Optics and Photonics (ALOP) project was conceptualized and begun by UNESCO in 2003. UNESCO coordinates and funds the project, with additional support from the Abdus Salam International Center for Theoretical Physics (ICTP), and the International Society for Optical Engineering (SPIE). The focus of the project is on one of the experimental physics areas that is relevant and adaptable to research and educational conditions in many developing countries. Optics has been termed an “enabling science” as it is the basis of many modern advances in high technology. It is hoped that improving optics and photonics education will result in a viable and well-educated workforce for emerging industries in African countries and other developing nations where specific skills in this area will be needed.

Contents and Use of this Manual

This Training Manual is intended for university and senior high school physics teachers from developing countries, and aims to train and better equip them to teach the optics part of the introductory physics course by using active learning with hands-on activities and by drawing examples from local research activities. The modules contained in the manual are curricular materials for use with introductory physics students at these levels. 

This Training Manual contains an activity-based curriculum including the following six Modules: 

Module 1: Introduction to Geometrical Optics

Module 2: Lenses and Optics of the Eye

Module 3: Interference and Diffraction

Module 4: Atmospheric Optics

Module 5: Optical Data Transmission

Module 6: Wavelength Division Multiplexing  

Each module includes student sheets that can be copied and used in class. Permission is granted for users to make as many copies as they need for their students. These modules have been prepared by the trainers who have presented the ALOP workshops. Some of the materials have been developed expressly for the ALOP workshops, while some have been used previously in the courses that the trainers teach at their home institutions. An attempt has been made to develop activities that use simple and inexpensive materials, and materials that can be fabricated locally, whenever possible. Some of the activities in these modules have been developed expressly for hands-on work in the laboratory, and some are more appropriate for use as ILDs in lecture. Others can be used either in a lab or lecture environment, depending on the availability of equipment. Regardless of how the materials are used, teachers are encouraged to make their classroom environments more active by including the characteristics described in Table I-1.  

Module 1 includes lab activities adapted from RealTime Physics, sets of ILDs on Reflection and Refraction and Image Formation with Lenses and a set of Optics Magic Tricks designed to stimulate small group discussions. Some of the ILDs are similar to the lab activities, thus providing teachers with materials appropriate to both environments. 

The materials in Module 2 will work best in a laboratory environment in which students work in groups of 2 to 4. However, some of these could be done as demonstrations with large lenses, e.g., with some form of blackboard optics kit. The activities in Module 3 were also designed primarily for use in the laboratory, but most of them could be adapted as ILDs. The activities in Modules 4, 5 and 6 were designed as ILDs, but most of them could also be done as lab activities if enough equipment is available. 

There is a separate, complete Teachers’ Guide for each of these modules. The Teachers’ Guides give information on the apparatus and supplies needed for each of the activities (including sources, and in some cases fabrication instructions), photos and diagrams of the apparatus, directions on how to carry out the experiments, sample results and answers to the questions. The goal is to provide teachers with all the information they need to use these activities with students at their home institutions.

Also included in this manual is an assessment instrument, the Light and Optics Conceptual Evaluation that has been developed to measure student learning of optics concepts. Teachers can use this assessment to carry out action research in their classes. The ability of teachers to carry out action research has been instrumental in making teachers in the developed world aware of the difficulties their students have in learning physics concepts, and has led to the advancement of Physics Education Research. More information is provided in the Action Research section of this manual.

The entire Training Manual is also available in electronic form on a CD. This may be useful for users who want to print the student sheets directly from the electronic files. These files also have the advantage that they are in color. Copies of the CD are available from the project coordinator, Minella Alarcon, at UNESCO, Paris (m.alarcon@unesco.org). 

Examples of ILDs in Optics and Assessment of Learning Gains


As an example, we will describe a sequence of ILDs designed to teach the concepts of image formation with lenses. (This set is included in Module 1 of this manual.) Physics education research suggests that students have difficulties with the way image formation is usually taught. For example, students have conceptual difficulty with the beautiful ray diagrams we draw that only show the special, principal rays.16 Students do not understand that in order for a sharp image to be formed, all of the rays that leave a point on the object and are incident on the lens must be focused to a unique, corresponding point on the image. In these ILDs, in order to reinforce this idea, point sources of light are placed at the head and foot of the object arrow, and a cylindrical lens is used to focus these to image points.

Figure I-1 shows the first page of the Prediction Sheet for the Image Formation with Lenses ILDs. Figure I-2 shows the experimental setup. In addition to the three demonstrations illustrated here, there are four other demonstrations asking for predictions of what will happen (a) if the lens is removed, (b) if the object is moved further away from the lens, (c) if the object is moved closer to the lens, and (d) if the object is moved closer to the lens than the focal point. As with all ILDs, the eight steps in Table I-2 are carried out for each of these demonstrations. (More details on this set of ILDs will be found in Module 1.)  

Interactive Lecture Demonstrations

 Prediction Sheet—Image Formation with Lenses
Directions:  This sheet will be collected.  Write your name at the top to record your presence and participation in these demonstrations.  Follow your instructor's directions.  You may write whatever you wish on the attached Results Sheet and take it with you.
	Demonstration 1:  You have a converging lens.  An object in the shape of an arrow is positioned a distance larger than the focal length to the left of the lens, as shown in the diagram on the right.  Draw several rays from the head of the arrow and several rays from the foot of the arrow to show how the image of the arrow is formed by the lens.

Is this a real or a virtual image?


	[image: image1.wmf]


	Demonstration 2:  What will happen to the image if you block the top half of the lens with a card?  Answer in words and show what happens on the diagram on the right by making any changes needed in the rays you drew in Demonstration 1. 


	[image: image2.wmf]


	Demonstration 3:  What will happen to the image if you block the top half of the object with a card?  Answer in words and show what happens on the diagram on the right by making any changes needed in the rays you drew above for Demonstration 1.
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Figure I-1: Excerpt of Prediction Sheet for Image Formation with Lenses ILDs.

Figure I-3 shows the introduction to the image formation questions on the Light and Optics Conceptual Evaluation (LOCE). Six of the questions were included in a research study of student understanding of image formation concepts in the University of Oregon (USA) General Physics course in 1997-1998. These questions ask what would happen to the image if (a) the stamp were twice as large, (b) the lens were replaced with one of half the diameter but the same focal length, (c) if the top half of the lens were covered, (d) if the center of the lens were covered, (e) if half of the stamp were covered, and (f) if the lens were removed. (The entire test is included in the Action Research section of this manual, and is described in more detail there. The questions used in this study were numbers 25, 26, 28, 29, 30 and 34.) Figure I-4 shows the results on these questions before traditional lecture instruction, after traditional lecture instruction, and then after an additional lecture that included these ILDs. As can be seen, the normalized learning gain from all lecture instruction is only 20%, while that with the ILDs is 80%! (Normalized gain is defined as actual improvement divided by maximum possible improvement.)11

Figure I-5 shows the results on one additional short answer question on the LOCE. Here students are asked to continue two rays from the head of the object and two rays from the foot of the object to show how the real image is formed. Only 33% of the students were able to draw this ray diagram correctly after traditional instruction, while 76% drew it correctly after experiencing the ILDs—a 64% normalized gain.

This set of ILDs is a good demonstration of the fact that significant learning gains can be brought about with low-cost materials. The cylindrical lens can be fabricated with a transparent plastic jar filled with water. In addition to this, only two flashlight bulbs in sockets and a 9 V battery are needed. The cost is under $10 (USD) to present these ILDs to a large lecture class.
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Figure I-2: (a) Setup for Image Formation with Lenses ILDs with object arrow, light bulbs and cylindrical lens. (b) Focusing of light by cylindrical lens.

Why do ILDs work? The eight-step ILD procedure is designed to engage students in the learning process. Students are asked to make predictions based on their beliefs on a sheet that will be collected.  They are forced to contemplate each demonstration in terms of the models they commonly use. Students are then asked to defend their predictions to their peers. After these two steps, most students care what happens in the demonstration. They are engaged by these steps. Since the results they observe often disagree with their naïve predictions—often based on incorrect models—there is a chance for their models to be changed by the discussion that follows.
We have used three basic guidelines in designing the short, simple experiments that make up ILDs for these modules.  First, the order and content of the sequences are based on the results of research in physics learning. If the sequences are to be successful, they must begin with what students know and lay the basis for additional understanding. Secondly, the ILDs must be presented in a manner such that students understand the experiments and "trust" the apparatus and measurement devices used. Many traditional exciting and flashy demonstrations are too complex to be effective learning experiences for students in the introductory class. Finally, the ILDs must make use of materials that are readily available in developing countries, or inexpensive enough that they can be purchased or supplied by the workshop team. As part of workshops, it has been worthwhile to have a brief session on putting together simple teaching materials to be used in the workshop, including some instruction and practice on soldering simple circuits.

	Questions 25-34 refer to the picture on the right.  A stamp is placed to the left of the lens, and its image is formed on a screen to the right of the lens, as shown.

Choose the correct answer for each question.
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Figure I-3: Introduction to the image formation questions on the Light and Optics Conceptual Evaluation.

How do ILDs fit into the introductory physics course? The topic areas of the ILD sequences in this manual are distributed over the optics concepts covered in most introductory physics courses, with the addition of simple applications in photonics. However, taken together, they do not constitute an introductory optics curriculum. Instead, they are designed to supplement the other components of the course with an efficient way for students to learn physics concepts in lecture. They have been used in a number of different ways, for example: 1) as introductions to important concepts at the appropriate moment in the course schedule, 2) as reinforcement activities for concepts already taught, 3) as weekly active learning sessions scheduled on the same class day each week and 4) as summaries and bridges between active learning laboratory activities. The instructor must decide how they best fit into her/his overall plan for the course.

One last crucial question: why should we care if students understand physics concepts?  We believe that this is fundamental to a real understanding of our discipline.  Students cannot hope to be able to do more than algorithmic solutions to simple physics problems without a sound grasp of the fundamental concepts.

Active Learning Workshops

The training workshops already presented have generated a high level of interest in active learning by the participants. The consensus appears to be that active learning can be a very successful strategy for improving physics education outcomes in developing countries. A goal of UNESCO and its regional physics education networks is to develop a large group of local active learning resource persons or trainers to coordinate and run regional active learning workshops in the developing world. The strategy is to recruit these trainers from participants in the series of training workshops to be presented in the future. It is thought that faculty who might be good active learning trainers would have the following qualities: high degree of enthusiasm, rich experience as physics teacher, good physics knowledge, young of body and mind (i.e., able to take on new ideas and develop them further), good with their hands, resourceful (able to set up equipment in strange environments and easily adapt when things go wrong), keenly interested in physics education practice and research, from a supportive home university (i.e., that will help in building equipment for workshops and allow leave to run several workshops per year), not too overloaded with administration and basic research, and genuinely wishing to help colleagues in developing countries (and at their home university). In general, faculty with the following characteristics would not make good trainers for this program: inflexible in their ideas, too busy to devote adequate time to this 
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Figure I-4: Pre-, post-traditional instruction and post-ILDs results on six image formation questions on the LOCE for general physics students at the University of Oregon, 1997-98.

51.
In the picture below, the object is to the left of the lens, at a distance from the lens that is larger than the focal length.  The image is formed on a screen to the right of the lens as shown.  Four rays of light are shown leaving points on the object.  Continue those four rays through the lens to the screen.
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Figure I-5: Ray diagram question on the Light and Optics Conceptual Evaluation, and the results post-traditional instruction and post-ILDs.

activity, valuing their basic physics research way above their teaching development and not from a supportive university.

 
In general, we have found the following structure for a 5-day ALOP workshop to be successful:

1/2 day for touring both teaching and research facilities.  

1/2 day for introductions—both participants and resource people. (Everyone should come well prepared with a report on physics education at her/his home institution.) 

1/2 day for introduction to workshop goals and active learning, pre-test, and a brief session to prepare workshop materials.

3 days for hands-on work with the modules.

1/2 day for wrap-up discussions and post-test. Issues for discussion in the wrap-up might include the needs for improvement of physics teaching in home countries, how good teaching practices can be encouraged, what resources are available in home countries and how can these be used most effectively, and how can participants help solve implementation issues in their countries. 
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