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Abstract

Storytelling is a pedagogical tool that has been used in the humanities and in childhood education for years.  Stories can also be used to introduce computer science topics as well.  The use of metaphors in stories makes concepts more interesting, fun, and memorable.  In addition, stories can make technical concepts more concrete and attractive to students who are traditionally turned-off by computing.  This article gives many examples of stories that can be told in computing classes and analyzes the advantages and possible pitfalls of using them.
Introduction - Sherry’s First Class
Once upon a time, there was a girl named Sherry who decided to take a Computer Science class.  She was great at math, but she had never programmed before and she was not sure if she would be good at it.  She was never really into video games or playing on the computer on her own.  Sherry wondered if she was making the right choice.

She walked into class and noticed that there was only one other girl in the class, and the boys that were in class were discussing some online video game, and the computer parts they needed to use for it.  Sherry thought, “I’m already behind.  I can’t understand what the students are saying; I’ll probably never understand the professor!”

Just then the professor walked in, and Sherry decided to see how the first day went.  She could always drop the class later, she thought.  The professor began class, introducing himself and his expectations for the class.  Then he said it was time to get into their first lesson.  “Here we go…” thought Sherry.

The professor put up his slides, but instead of a bunch of technical words, they told a story!  The professor’s story was about a variable family and their adventures.  It was really silly and funny, but Sherry could see how it would relate to the class.  She decided maybe she would stay in the class a little while longer.  If all the classes were like this she just might be okay.

Motivation

“There is no idea worth explaining that cannot be explained by a good story.”  As this anonymous quote states, any idea, even technical ideas, can be explained in a story.  Embedding a concept in a metaphor makes the concept more interesting, more fun, and more memorable.  Storytelling has long been used as a teaching technique in the humanities and is a staple for teaching children.  Nahum Gershon [2] states, “a well-told story conveys great quantities of information in relatively few words in a format that is easily assimilated by the listener”.  He goes on to say, “I can tell you a story in three seconds that you may remember the rest of your life.  Will you remember as well if I read you a list of facts containing the same information? No.” [4]  We can present new ideas to our students through stories, even if the concepts behind the story are technical. 
Stories can make technical concepts easier to understand.  In computing, teachers often discuss abstract concepts, such as algorithms, and using a story can give the student a better mental image of what is being explained [3].  Because the story has a plot and characters, it becomes memorable to the students.  The story gives the students a shared vocabulary and an easy way to refer to and remember various technical concepts.
In my class, I refer to programming as a game, and in learning syntax we are learning the rules of the game.  The stories I tell in class help the students remember the rules at game time.  For example, one story discusses variable scope by saying that local variables are born in some country and are not allowed to immigrate to other lands.  While programming in the lab, a student made an error in variable scope.  One lab partner saw the error and explained it to his partner by saying, “Variables born in Methodpotamia must stay in Methodpotamia.”  The metaphors in the story act as a mnemonic device for syntax rules, definitions, and algorithms.

Finally, the stories make Computer Science more palatable to those who are not traditionally attracted to computing.  As Papadimitriou states, “incredibly, many people do not find computer science interesting.  To make storytelling an integral part of computer science education would go a long way toward correcting this.”  He goes on to give evidence that women in particular are interested by storytelling [5].  The stories give a creative flair to a technical class, and this makes the class as a whole more appealing to the creative student. As Yeoman [13] states, “Storytelling, magic, and the enhancement of the human imagination have always seemed to me to be a very big part of what teaching should be about.”

Using Existing Published Stories

There are several books available that intentionally or not, have a computer science metaphor in them.   In this section I summarize the previous findings of published books that can be used to teach computer science [1][7].  
For example, several books by Dr. Seuss have be used in the Computer Science classroom.  The story “Too Many Daves” [10] is used to introduce arrays.  In the story the mother has named all of her sons “Dave” and the story illustrates the down side of this naming system.  In class, you can also discuss the pros of naming all the boys Dave.  (For example, you can call them all at once.)  The story illustrates the convenience of array indices.  “The Cat in the Hat Comes Back” [8] can be used to teach recursion, since the cat is able to produce 26 little clones of himself that try to help, but end up wreaking havoc.  At the end of the story, the last cat produces a “VOOM!” which ends the process, a great metaphor for a base case. In “King Looie Katz”, [9] King Looie decides that he does not want his tail to drag on the ground, so he enlists another cat, Kooie, to carry it around for him.  Of course Kooie then decides he doesn’t want his tail to drag either, so he gets another cat to carry his, and so on.   The story is a great introduction for linked lists.  For stacks, “Yertle the Turtle” [11] is a good story.  In the story the turtles stack up in order to let the king see farther and sit higher.  Finally, “The Zax” [10] teaches about deadlock.  A north-going Zax and a south-going Zax meet face to face.  Of course, neither can move ahead in its desired direction, so they are deadlocked.

The book “Amelia Bedelia” by Peggy Parish [6] describes a housekeeper’s first day of work, in which she attempts to follow a list of instructions.  Unfortunately, she follows the instructions much too literally, making a sponge cake of real sponges, for example.  The story is a great introduction to programming, algorithms, and how computers take each command literally.

Finally, there are some stories written with computer science in mind.  David Touretzky’s book on Lisp [12] includes a story called “Martin and the Dragon” which teaches recursion.    In the story, an apprentice boy asks a dragon for help with a list problem.  The dragon declares that he will not work on an entire list, since he is in a disagreeable mood, but will work only on one element.  The clever Martin tricks the dragon into helping him with the entire task, and in doing so demonstrates recursion.

Computer Science Fairy Tales

Unfortunately, using existing books for stories means that only a few stories can be used in a given class because there are some concepts for which no story exists.  Also, in some books, the metaphor to the computing concept is not ideal.  For example, in “The Cat in the Hat Comes Back”, the cat clones, which represent recursive calls, don’t really accomplish anything.  Rather, all the work is done when the “VOOM!”, or the base case, appears.  This is an obvious breakdown in the story’s metaphor.  

To combat these issues I have written a collection of short, silly stories with an obvious computing metaphor called “Computer Science Fairy Tales”.  I use them in the introductory programming course as well as the second programming course, and I plan to write others for more advanced courses as well.  While the stories were written with Java in mind, most can be used for other languages as well.

“Wiley the Elevator Operator” is a story that teaches loops through a story of an elevator that continually goes up and down, taking people to a secret underground society.   The story gives the idea of iteration and repetition and shows the use of the boolean condition in the loop.

A story about variable scope is called “Tarzan, Variable of the Jungle”.  In the story variables are characters that live in an oppressive kingdom that does not allow them to visit lands other than their native land.  In the story, Tarzan is born in the jungle, outside any particular land.  He is granted freedom to travel to all the lands.  Tarzan represents an instance variable, and the story illustrates the scope of local and instance variables.

In “Biff’s Inheritance” a cowboy named Biff learns that he has inherited many great skills from his pa (who was a “super” guy!).  He also inherited an inability to play poker well.  In the story Biff learns from a wise stranger that he can be thankful for the things he inherited that work well, but he should go out and learn new things for himself, including better poker-playing skills.  He can then pass these skills onto his own son.  Obviously, the concepts of code inheritance and overwriting methods are embedded in the story.

In “The Adventures of Theta Man” students are introduced to theta, omega, and big-O notation through the adventures of a trio of superheroes, whose super powers are telling how fast things run and saving Karen Coder from The Brute Force Brute.  Students learn the difference in the three forms of notation and are introduced to the idea of brute force programming and why it can lead to intractable solutions.

The following is an excerpt from the story “Jack Learns the Facts About Queues and Stacks”.  In the story the sad and unpopular Jack looks for help in his dress and social skills from his friend Lou:
Jack said, “Well, when I remove clothes and socks, I wash them and put them away in the box.

Then comes the next morning, and up I hop.  I go to the box and get my clothes off the top.

Lou quickly realized the problem with Jack.  He kept clothes, CDs, and books in a stack!

When he reached for something to read or to wear, he chose the top book or underwear.

Then when he was done, he would put it right back.  Back it would go to the top of the stack.

I know the solution!” said a triumphant Lou.  “You need to learn to start using a queue!

While there are many available books and stories that can be used to introduce and illustrate concepts from introductory programming, writing new stories allows you to focus on the specific concepts you are interested in, provide better metaphors for computing, and incorporate the specific atmosphere of your institution or department.

Story Creation and Use

The process of creating stories does not have to be difficult or painful.  Often a metaphor will present itself in class when explaining a concept.  I used a telephone call as an example of a recursive function call several semesters in class.  Finally I sat down and wrote “The Telephone Chain”, a story about recursion.  The story gives the example I had already been using in a more polished and amusing way.  The stories do not need to rhyme or be illustrated.  

Students are also a great source of ideas and stories.  I have given Computer Science story creation as an extra-credit option in my class, and the stories are often wonderfully witty.  In classes where I tell stories, I sometimes get unsolicited ideas for stories from a student.  The story of Theta Man was based on a line drawing done by a student of a superhero with a theta symbol on his chest.  Story creation provides an outlet for students’ creativity in a technical class.

Once the stories are obtained, they can easily be incorporated into your normal classroom routine.  In my class, stories are used to introduce a new concept in class, and it generally only takes about five minutes to tell a story.  “Story time” is a fun and stress-free way to open class (and sometimes even helps with tardiness because they know something fun might happen at the beginning).  There is no note taking, and no one is required to understand the way the story connects to the computing concept.  I do not require that students even pay attention to the story, although I have never had students show a lack of interest.  On the contrary, my students love the stories and often ask when they will get to hear another.  

Since no one is required to understand the story’s connection, I do not spend time in class explaining the metaphor.  Those who learn best through metaphors will understand it without explanation, and for the rest the story was just a fun start to class.  After the story is told, the technical material is explained in whatever method is usual for the class.  It is important to remember that not all students will learn with metaphors and so you should not assume the students understand the concept in the story, nor should you require story understanding on a test. The story does not interfere with class time, but will help some in the class and it will be fun for all.

Possible Pitfalls 

When creating and using stories, it is important to be aware of subtle messages that the stories are sending.  It is easy to inadvertently create a story that creates a biased view, uses a stereotype, or states a controversial opinion.  It is important to read all stories looking for inappropriate messages before using them in class.

Secondly, not all students will learn through the use of metaphors.  Some students may not “get it” and could be frustrated by the seeming irrelevance of a story told in class, although I have never had this experience.  My students who do not find the stories helpful still think they are a fun part of class and do not recommend the stories not be told.

Some are worried that the students will feel that they are being treated like children by being told a story.  There is a possibility that the story times are seen as disrespectful.  As a result, I usually begin the very first class with a story and by explaining my rationale for using them.  I explain that I am not trying to “talk down” to the students or trivialize the concepts I am teaching, but that I am instead trying to make the concepts easier to understand and remember and to make class time as fun as possible.  I have not had any negative response to storytelling, and it is probably due to willingness to be open about my methodology with my students from the beginning.

Finally, the most difficult part of story creation in particular is that the metaphor will eventually break down somewhere. It is important not to get so tied to a metaphor that the holes in the metaphor become problematic.  In the story of Jack and the stacks, the concept of the queue saves Jack from unpopularity and misery.  Some could read the story and conclude that the queue is always the best data structure.  It is up to the teacher to explain that the queue was the right data structure in the story, but that there are other problems for which a stack is ideal.  This problem has led me to begin writing a sequel to Jack’s story in which he finds a use for the stack.

Student and Teacher Reaction to Computer Science Fairy Tales

I have found my Fairy Tales fun and easily incorporated into my normal class routine.  Other teachers have found this as well.  I have had several teachers around the country use the fairy tales and ask for more to be written.  One teacher says, “I shared [a story] with my… students today and they couldn’t stop laughing (it was a good laugh).”  He went on to ask for more to be written, on behalf of his students, of course.
In general, students find “story time” a fun part of class and routinely ask for it.   Students in one class were polled about the use of the Fairy Tales in class and were asked to choose “strongly agree”, “agree”, “neutral”, “disagree”, and “strongly disagree” with statements about the stories’ effectiveness. All but one student polled agreed that at least one story helped their understanding and memory of the concepts being introduced.  Only one student disagreed with the statement, “I found the stories to be a fun part of class” and, interestingly, this student had a computing-related major and found all of the stories helpful in learning and understanding concepts.  All students surveyed agreed with the statement “If I were to take the class again, I would like the stories to be a part of the course.”  One student also commented, “The stories were a cute/fun way to help further my understanding (or clear up some confusions) of certain topics.  I would suggest they be used in your next class.”  

Conclusion

Stories have been used as a teaching tool in the humanities, and can be used in computing classes as well.  In fact, using them in a technical field has the added benefit of making the class more attractive to those who prefer the atmosphere of humanities classes.  Using stories in class is an easy way to make class more fun and inviting for everyone.  They help students visualize abstract concepts, remember syntax rules, and understand complex algorithms.  Students and teachers alike have found using them to be an easy, enjoyable, and effective addition to their course.
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