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Abstract 
A science outreach workshop using a variety of optical devices 
to illuminate several aspects of light has been designed for K-8 
students. Reflection, refraction, and diffraction will be 
demonstrated at this event, which coincides with our campus’s 
NanoDays celebration. This presentation will focus on all 
aspects of the workshop planning and implementation 
processes, including a description of the activities and their 
effectiveness in conveying concepts to and fostering curiosity 
among participants. 

Introduction 
Optics has been considered a vital component of modern life in 
that the majority of our technologies relies on manipulating the 
behavior of light, from objects as mundane as reading glasses to 
fiber optic cables that transmit information at the speed of light. 
Yet this topic isn’t taught in it’s entirety in the majority of public 
school curriculums. Discussions of optics usually revolves 
around topics of reflection, refraction, and diffraction. In 
focusing on these simple behaviors of light, the demonstrations 
and activities in this workshop can serve as a gateway towards 
understanding and appreciation for the field of optics. 
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Structure of the Workshop 
In devising the approach to the structure of the workshop, it was 
best to divide the children up by age. According to numerous 
cognitive developmental theories, children of different ages are 
poised to understand and learn at varying levels of clarity. 
Workshops were divided in three between grades of kindergarten 
through 4th grade, 3rd grade through 8th grade, and a final workshop 
of kindergarten through 8th grade. By the definitions of Jean Piaget, 
the workshop included children from three separate stages of 
cognitive development. In our first workshop, the children were 
divided between preoperational and concrete operational stages, in 
which their capacity for logical reasoning is starting to increase. In 
the second workshop, the age group was divided between those in 
the concrete operational stage and the formal operational stage, 
where the child is becoming an adolescent, capable of hypothetico-
deductive reasoning, known better as the scientific method. The 
combination of all age ranges was to include any students who were 
not able to be included in the first two workshops. In these last two 
workshops, the nature of adolescents was counted upon in 
cooperating with the younger students. An established trait of 
adolescents is idealism, and part of this attribute will actually 
manifest as a desire to help what they perceive as the “underdog”, or 
the younger students. This cooperation was sought and encouraged 
among the students. 
 
A basic understanding of the behaviors of light was taught through 
interactive demonstrations and various activities. The main activity 
was the construction of a rudimentary periscope which the students 
build and take home with them. While the periscope was the prime 
example of optics in our workshop, students were allowed to 
experiment with other behaviors of light like refraction and 
diffraction as a means of fostering curiosity. Limiting the students to 
only one subject to explore would not address the various needs that 
older students might have and so we included exhibits of refraction 
and diffraction. With numerous volunteers attending the different 
demonstrations, the students were able to experiment freely while 
being guided towards correct explanations of their observations. The 
manner in which the students were taught came from one of the 
oldest methods of education in history, the Socratic Method. The 
Socratic Method involves asking questions that stimulate thought in 
the students and aids them in developing their own conclusions. In 
asking questions, the volunteers encouraged further discovery and 
imparted curiosity to the students. By creating their own periscope 
and letting them take it home, the students in the workshop are able 
to learn about optics, but gain a tool in which to make their own 
discoveries. 
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Using reflection, periscopes have become an invaluable tool for a variety 
of fields. The exact behavior of light within a periscope varies based on 
the design of the periscope, but the function is to look through one end 
and see out the other. The use of periscopes as an educational tool for 
introductory optics is ideal in the sense that periscopes are nearly 
universal and relatively simple in their construction. They are a common 
enough tool that the majority of students will have knowledge of what a 
periscope is, and the behavior of light within the periscope is easy 
enough to describe and understand. Reflection is one of the earliest 
topics that is addressed in optics education, and since the periscope relies 
primarily on reflection, the periscope is often a good start towards an 
understanding of how light behaves, regardless of student age or 
differences in cognitive development.  

Periscopes are primarily associated with submarines, as popularized by 
films such as Up Periscope!. It is in part due to this easy recognition of 

the periscope in media that they serve as a ideal tool to introduce 
subject of optics. Periscopes have seen the most use in fields of war, 
where getting a line of sight without placing yourself in danger was 

vital to preserving lives. Periscopes have become more and more 
complicated as further development in submarines was made. Today, 
modern submarines don’t necessarily use periscopes anymore, instead 

relying on sensors relaying signals to the control center of the 
submarine. Even so, many submarines still rely on periscopes, albeit 

much more complicated and versatile then previous iterations. 

Reflection is the behavior that light exhibits when 
bouncing off of a surface. In the workshop, we specifically 

addressed specular reflection, in which the angle of 
reflection is equal to the angle of incidence. This 

characterizes reflection off of mirrors, so that a clear 
image is observed. 

Refraction is the bending of light when it travels from 
one transparent medium into another.. This accounts for 
skewed perceptions of objects when seen through various 

materials, such as the picture below. Refraction is also 
the reason that eyeglasses help us to see better. 

Diffraction is the bending of light around small 
obstacles or when passing through a small slit. 
Diffraction is why squinting helps us see better 

sometimes. 
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