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ABSTRACT

Laboratory experiences are essential for optics education. However, college students have limited access to advanced
optical equipment that is generally expensive and complicated. Hence there is a need for innovative solutions to expose
students to advanced optics laboratories. Here we describe a novel approach, interactive virtual optical laboratory (IVOL)
that allows unlimited number of students to participate the lab session remotely through internet, to improve laboratory
education in photonics. Although students are not physically conducting the experiment, IVOL is designed to engage

students, by actively involving students in the decision making process throughout the experiment.

1. INTRODUCTION

Laboratory experiences are essential for optics education. However, equipment involved in advanced optical
laboratory is generally expensive and complicated, and college students often have limited access to advanced optical
laboratory education, due to financial and resource constraint. Hence there is a need for innovative solutions to expose
students to advanced optics laboratories. A virtual classroom environment enabled by matured information technology,
may address this challenge and allow unlimited number of students to have virtual laboratory experience.

While distance education has been investigated for decades, the study on distance teaching of laboratory class remains
quite limited [1-4]. Students learn from a laboratory class, because of the spontaneous nature of the learning process and
the direct physical interaction between the learner and the learning material. As a result, it is extremely challenging to
virtualized laboratory education. On the other hand, despite the physical distance between the learners (students) and the
learning materials (components and equipment), virtual classroom does not exclude an educator who is constantly
interacting with the learners. Therefore, the learning effectiveness can be strengthened with the instructor providing
intellectual stimuli to the students. Here we describe a novel approach, interactive virtual optical laboratory (IVOL), to

improve laboratory education in biophotonics.

2. INTERACTIVE VIRTUAL OPTICAL LABORATORY

IVOL has the following major components, as shown in Figure 1. First, there is a classroom where learning takes
place. The students share the classroom with their instructor. Second, IVOL also depends on a physical laboratory

environment where experiments are conducted synchronously, or asynchronously. Finally, IVOL requires IT
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technological support to enable the virtual classroom environment.

Figure. 1. IVOL consists of a classroom where learning takes place, a laboratory environment where experiments are

conducted, and a virtual classroom environment.

3. MODULES OF IVOL

To fully take advantage of the interaction between the educator and the learner, IVOL requires learning materials that
are designed specifically to simulate the actual procedure of laboratory experiment. In general, an IVOL experiment has
several sub-sessions that take place sequentially, as shown in Figure 2. At the beginning of each sub-session, students are
given a multiple-choice question to determine how the experiment should proceed. The instructor will guide the
discussion. Technologies such as Clickers will be used to assess students’ response. Using the virtual classroom
environment, the instructor then demonstrates the experiment according to the results of the discussion and shows the
result under different experiment conditions. This is again followed by an in-classroom discussion, before moving on to
the next sub-session. IVOL is designed to engage students, by actively involving students in the decision making process
throughout the experiment and constantly providing intellectual stimuli. Students are required to submit a lab report in
conventional format following the IVOL class. In addition, formative assessments (questionnaires) and summative

assessments (quizzes) are performed after IVOL to evaluate the effectiveness of learning.
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Figure. 2. IVOL flow chart.

4. EXAMPLE OF IOVL CLASS: THE PRINCIPLE OF CONFOCAL MICROSCOPY

In this study, we take the experiment to study the principle of confocal microscopy as an example of IOVL. Confocal
microscopy is an optical imaging technique that provides cross-sectioning capability of tissue sample [5, 6]. The
schematic of a confocal microscope is shown in Figure 3. A point light source illuminates the specimen. Light from the
specimen is spatially filtered by a pinhole before detected. The confocal configuration, i.e., the use of point source and
point detector that are in conjugation, enables depth resolved imaging. Assume light is reflected from a plane (Plane A in
Figure 3) is in conjugation with the plane where the pinhole lies (Plane B in Figure 3). Such a geometry allows light
reflected from plane A to be detected with high efficiency. In comparison, when light comes from a different plane, the
reflected light will form an extended beam at Plane B where the pinhole lies. The pinhole rejects a large portion of the
optical signal to be detected for out-of-focus photons, thus provides optical sectioning capability. In summary, a confocal
microscope consists of a coherence light source for point illumination, imaging optics, detector, and a pinhole that is

located at the plane in conjugation with the focal plane.
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Figure. 3. Schematic diagram of a confocal microscope.

The modular design of the IOVL class to study the principle of confocal microscopy is illustrated in Figure 4.
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Figure. 4. Modular design of IOVL class to study the principle of confocal microscopy.

The first session of this experiment is to choose the appropriate light source for confocal microscopy. Students are
provided with two different light sources. One is an incoherent LED, and the other is a coherent laser source. The
concepts of spatial and temporal coherence are reviewed by the course instructor with multi-media assistance.
Afterwards, the instructor asks the students to choose the light source and collects student response by Clickers or similar
products. The instructor leads the discussion on the students’ rationale for their specific choice. Afterwards, the
instructor uses the virtual classroom environment to demonstrate the spatial coherence for different light sources. In the
laboratory at a distance spatially or temporally, experimental demonstration of spatial coherence is provided. For
example, the instructor in the lab places the light source at the back focal plane of a lens, and uses a screen to provide
visualization of the light beam along the direction of light propagation. As shown in Figure 5, the light beam of the
coherent laser source remains the same size after propagation for 4 (Figure 5 (a)), 8 (Figure 5 (b)) and 12 (Figure 5 (c))
inches. In comparison, the light beam of the incoherent LED source diverges after propagating for 4 (Figure 5 (¢)), 8

(Figure 5 (d)) and 12 (Figure 5 (e)) inches. Results in Figure 5 suggest the beam from an incoherence light source cannot
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be collimated into parallel rays, or focused into a geometric point. After demonstration via virtual classroom
environment, the instructor will lead additional discussion in the classroom, asks the students to choose the ideal light

source for confocal microscopy, and then proceeds to the next session of the experiment.

Figure. 5. Light beam after propagation. (a) collimated laser beam after propagation for 4 inches; (b) collimated laser
beam after propagation for 8 inches; (c) collimated laser beam after propagation for 12 inches; (c) “collimated” LED
beam after propagation for 4 inches; (d) “collimated” LED beam after propagation for 8 inches; (e) “collimated” LED

beam after propagation for 12 inches.

The second session of this experiment is to investigate the role played by the pinhole in confocal imaging. The
instructor will explain the configuration shown in Figure 3. Similar to the first session, the instructor discusses the about
the system design and asks the students about the location to place the pinhole. Students’ rationale for their specific
choice of the pinhole location will lead the discussion on different phenomena when optical signal is detected with or
without the pinhole as a spatial filter. Afterwards, experimental demonstration of confocal detection of optical signal is
provided through the virtual classroom environment. Experiments will be carried out on the system shown in Figure 6
where a fiber connected to a photon detector serves as the pinhole detector. In the experimental demonstration, a mirror
is used as the sample that is scanned axially by a mechanical actuator. The intensity of light is collected and observed as
a function of time on the screen of an oscilloscope (Figure 7). Figure 7 (a) shows the variation of light intensity over time
as the mirror is scanned across the plane in conjugation with the pinhole. Figure 7 (b) shows the variation of light
intensity over time as the mirror is scanned within the same range with the pinhole removed. Clearly, the existence of the
pinhole enables depth resolved detection of light. After experimental demonstration, the students are encouraged to
comment on the phenomena observed, explain the underlying mechanism of confocal detection of optical signal, and

come up with strategies for 3D optical imaging based on confocal principle.
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Figure. 7. (a) Light intensity captured when the sample mirror is scanned across the plane in conjugate with the pinhole;
(b) light intensity captured when the sample mirror is scanned along the light propagation direction without the pinhole
before photon detector.

5. DISCUSSION AND CONCLUSION

Unlike online lectures where efficacy can be evaluated through quizzes and write-ups, virtual labs requires an
immersive and interactive experience for students to fully understand the concepts and predict outcomes. Furthermore, a
coherent and intuitive laboratory procedure is required to minimize confusion for the students. We first presented an
IVOL process that involves student participation and systematically evaluates students’ progress. During each step of the
process, students’ input is taken as a guide to the next procedure. Therefore, students’ decision will affect the outcome of
the experiment. After each step, a discussion is carried out to ensure students understand the causal relationship between
the decisions and outcomes. Two optical experiment demo is based on the confocal microscopy experiment is presented,
which focuses on acquiring the depth information through a pin hole. In the first demo, students have the opportunity of
deciding on the right light source. Depending on their choices, two different results are presented through IVOL.
Through discussion, the causal relationship between light source and resolution is clarified. In the second experiment

demo, students discuss the concept of using a pinhole to resolve depth information. Then they are given the choice to
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place the pinhole at multiple locations. As shown in Fig. 7b, without the pinhole before the detector, the detector will
simply detect a baseline signal that carries no depth information. When the students decide to place the pinhole before
the detector and move the pinhole for a small distance, they will observe the variation of signal intensity, which
correlates with depth information. This interactive process ensures that students fully understand the principle of the
confocal microscopy and its structure design. A systematic research investigating the efficacy of the IVOL is necessary

and will be carried out.

The interactive virtual optical laboratory presents an online platform for students without the proper photonics lab
equipment. In order to create an immersive experience, the system model focuses on facilitating discussion and students’
decision making throughout the experiment. This interactive approach intends to mimic the real world hands on lab
experience and decision making, which is essential for students to understand abstract concepts. We demonstrated two
IVOL based optical experiment examples and addressed how the procedures ensure student leaning in this virtual
environment. Future work will focus on expanding the IVOL platform into more optical experiments and systematically

quantify its efficacy.
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