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C for Example

Project Summary

An undergraduate education is a critical link between high school and a society increasingly
dependent upon computer technology. SMET majors increasingly need computer programming as a
fundamental skill. Students effectively learn computer programming by using examples, yet the number
of examples that can be presented in class and in a textbook is limited.

The cognitive approaches of collaborative and discovery learning supported by the intellectua
scaffolding of arobust set of examples can give students a deep understanding of concepts they discover
on their own. Assignment of computer programming problems just beyond a student’s current skill level
functions as the ‘leading question’, where carefully constructed examples give the student the information
necessary to construct a mental model leading to the solution to the problem. This can help overcome the
cognitive bottleneck where too few students negotiate the transition from lower-level skills to higher-level
skills, from basic rote memorization and re-telling skills to more abstract knowledge synthesizing and
transforming skills.

The difficulty liesin getting a complete set of the right examples. This proposal describes a web-
based system to create and give intuitive access to between 300 and 500 examples illustrating the main
points in the C programming language.

A prototype will be implemented in a pilot study over two years, being used with 300
undergraduate students taking an introductory programming course at UIC. Evaluation will be done
using both web-based statistics and evaluation forms, comparing student skill levels and attitudes before

and after the system’ s implementation.



Resultsfrom Prior Support

The Pl currently has a $50K startup- grant as a third- year continuation of NSF' s Post-
Doctora Fellowship in Science, Math, Engineering, and Technology Education (PFSMETE),
which will conclude 12/31/01. The first two years (at $50K each) of the fellowship were spent
working with the NSF-funded Center for Learning Technologies in Urban Schools under Louis
Gomez. Two papers based on this work (“Web Page Annotator”, and “Intelligent Indexing”)
were presented at the March 2000 International Conference on Technology and Education
(ICTE) in Tampa, Florida.

During this third year of funding a web curriculum filter/editor has been created that allows
students and teachers to edit any static web-based curriculum. Thisis significant since onein
three U.S. colleges now offers an accredited degree online”. The filter/editor’ s changes are
stored locally so that subsequent visits to the same page automatically have the changes applied.
Applied to on-line curriculum, this can be used:

- By teachersto subgtitute alist of materials with a different list, or to share annotations
asynchronously in designing on-line curriculum
- By students to add personal notes, crossreference links, additional explanations and
graphics to any web page. Page elements can be deleted as well.
The software functions as a plug-in to Internet Explorer and functions independently of the

source or format of the web-based curriculum. It can be used with any static web page.

" Los Angeles Times, 3 March 2000.



Goals and Objectives

An undergraduate education is a critical link between high school and a society
increasingly dependent upon computer technology. SMET majors increasingly need computer
programming as a fundamental skill. Our goals are to:

1. Capture the expertise needed to answer questions of undergraduate students learning
computer programming in C, representing this knowledge as a set of 300 to 500
programming examples;

Index and cross-reference the examples by topic, level of difficulty, and keyword;

3. Create an intuitive web-based interface to enable the captured knowledge to be used as
intellectual scaffolding in a discovery-learning approach for students acquiring
programming expertise.

4. Evaluate the effectiveness of the knowledge base and its use through prototype testing
and user feedback.

5. Disseminate the knowledge base availability and project results through conference

proceedings and newsgroups.

Detailed Project Plan
The Problem and the Solution

Students learn computer programming effectively using examples, yet the number of
examples that can be presented in class and in atextbook is limited. A web browser can be used
as an intuitive interface to give a student access to programming expertise that has previously
been created and organized. The difficulty liesin getting a complete set of the right examples to
answer students questions.

Rapidly changing technology as well as research in Cognitive Psychology over the last
two decades has given impetus to a pedagogical shift away from transmitting a body of expected

knowledge to a more process-oriented approach’. There has been a move from the behavioral



approach of direct instruction and explicit teaching’ to the cognitive approach of collaborative®
and discovery learning.

Vygotsky proposed that all learning takes place in the 'zone of proximal development’,
where this 'zone' is the difference between what a student can do alone and what he/she can do
with assistance. By building on the student's experiences and providing moderately challenging
tasks, teachers can provide the 'intellectual scaffolding' to help students learnt. Students are
more to remember and have a deep understanding of concepts they discover on their own.

Discovery learning is “an approach to instruction through which students interact with
their environment by exploring and manipulating objects, wrestling with questions and
controversies, or performing experiments®. ” For example, students using this approach to learn
computer programming would be given an assignment currently beyond their programming
skills (the *leading question’). Students would then ask questions (e.g. how can | display a two-
dimensional board on the screen?) which an expert could answer using carefully constructed
examples. These examples give the student the information necessary to construct a mental
model leading to the solution to the problem.

The examples give enough information to answer the student’s questions, yet don’t
trivialy give the entire solution. Resolving this ‘ cognitive dissonance’ is what leads students to
incorporate learned concepts into a contextualized framework in long-term memory. Choosing a
set of carefully crafted examples can help overcome the cognitive bottleneck where too few
students negotiate the transition from lower-level skills to higher-level skills, from basic rote
memorization and re-telling skills to more abstract knowledge synthesizing and transforming

skills.



For thisto be successful within the constraints of a traditional undergraduate introductory
programming course the inquiry must be guided, and expertise must be readily available to
answer students questions by giving appropriate examples. In a large programming class (e.g.
over 100 students) it is not feasible for the instructor and the teacher’s assistants to provide
detailed answers and examples to each students questions. We can, however, capture this
expertise and make it available as an exhaustive set of carefully constructed examples, accessible
through the Internet.

Discovery learning is most successful when students have such prerequisite knowledge
and undergo some structured experiences’. This can come from a textbook as well as from
classroom lectures. This baseline of information gives students the vocabulary to ask questions,
looking for examples to answer these questions.  In even moderately sized classes (40 students)
there isn’t enough time during class, lab, and office hours for everyone to have their questions
answered. Searches on the web often are ineffective for the beginning programmer since they
lack the perspective to hone their searches. (e.g. Searching in Google for “C Programming
Examples’ yields many tutorials, but not necessarily sample programs.)

The average student is often frustrated in trying to find answers in the textbook because
after one or two basic examples for each concept, the rest of the information in the book is

T Texts are meant as a

described textually and not given as examples due to limitations of space
jumping-off point. Reference manuals, on the other hand, require a level of mastery of the
subject material usualy not present until after the course is over (or even several courses).

Textbooks that try to cover both bases end up being encyclopedic, where (in the author’'s

experience) the size of the book is a disincentive to students to read it. This leaves a gap

" The above-average student on the other hand can handle thislevel of abstraction.



between basic programming texts and reference manuals, where average students try to get their
guestions answered by asking other people and looking for appropriate examples.

Presenting a complete set of examples on the web has several advantages over trying to
do this in print. On the web any number of example programs can be given, organized into
multiple layers of presentation. These examples can be cross-indexed according to concept,
difficulty level, and related examples, as well as by keyword. This organization allows a user to
get questions answered and explore in a self-paced asynchronous fashion. This can be done
anytime & anywhere there is a network connection, exploring concepts to varying degrees of

depth.

Interface Examples

The approach of creating a set of on-line examples as an intellectua scaffold for students
learning introductory programming is already being implemented to a very limited extent by the
author. Over the last 6 years of teaching the author has developed approximately 130 examples
used regularly in an introductory programming course by several hundred students. (These can

be viewed on the web at http://logos.eecs.uic.edu/171, under “Notes/Functions’ and also under

“Samples’.) Anecdotally the students report at the end of the semester that these examples were
more valuable than the textbook. This project would enable the development of a more complete
set of examples (we estimate 300 — 500 examples total), as well as providing a robust framework
to cross-reference and index the examples. Implementing this using a database will aso allow us
to include a generativity component, where users can suggest new examples, highlighting the

topics and keywords to be used in indexing.



C has been chosen as the language to use due to its widespread use. It is also a subset of
C++, so the examples presented here will till be applicable to those introductory courses in C++

(excepting the discussion of inheritance and classes).
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The initia screen in the C For Example system would look like the one shown in Figure 1. The
top frame allows keyword searching, as well as setting the parameters affecting the display given
in the lower frame. The Global Expand Level determines how many levels of an outline-format
are displayed (currently 1). The Difficulty Level acts as a filter, determining which topics and
examples will be displayed. The Non-moderated Results setting has to do with the generativity
component, where users are alowed to submit their own examples. These submitted examples
are subject to a moderator’s review before being incorporated into the base set of examples.
Display Type determines the order in which examples under a particular topic are displayed.

They are either displayed in “Difficulty” order (easy to hard) or in “Popularity” order, with the

most commonly accessed examples listed first.



It is important to keep in mind that the Difficulty Level is gauged relative to a student

taking an introductory programming course*. For instance the “Intermediate” difficulty level

would aso display the “Structures’ and ‘Dynamic Memory” topics. Only the “Advanced”

difficulty level would alow viewing the “go-to” statement, as this is not generally taught and its

useis strongly discouraged.

The outline of topics can be selectively expanded. For instance selecting Functions (the

4" entry from the top) changes the display to look like the window shown in Figure 2. Note that

the Difficulty Level has also been set to “Intermediate’, which adds the Structures and Dynamic

Memory topics shown highlighted in the window.
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Consider an example where a student has been given a programming assignment that will

end up being 500 to 1000 lines in length. In order to organize this program, the student must

*ACM CS1 equivalent.



break it up into pieces called functions, where values are passed as parameters. The introductory
student (let’s call her Kate) would have seen the keywords functions and parameters, but might
not fully understand their use. Kate's question might be “How do | break up along program into
pieces?” Kate could enter the keywords functions and parameters into the search field, or she
could browse the topics starting with functions, giving the screen shown in Figure 3. The

underlined entries are example programs.
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Selecting the highlighted “ Transfer of Control” example displays it in another window as
shown in Figure 4. The proposed interface is intuitive and easy to use, and will make it easy for

a student to find examples to answer a question.



B o trample - Moot Dnker et Sl

| Ba 2ab dew Fasomas  Took  Help

| depad w wpow [ | e g TSGR e R o L o B |
- lﬁ _ﬂ 4 l:n ] untitled Document - Micresadt Internet Emplorer
i-ﬁdﬁ'ﬂs }E_]E:IMI_GQMHSIICCI.]IH-:IRM I

L Favorbms Toos  Hel

[ ﬂfﬂ 4 Psearh [miFavorbes (@HEtory B SR - M
| | Adermss ({27 F | GRS T 0L 1 erCon il Framessat, hin = o ||une #

/T Rfarcantrol.o |
b Illu=trace che transf=r of cootcol.

= ey Foinc=: Bresking s Program inbo Flecss
A Functiona

Lr)

-

Saanch

Select a heading to expand below:

W ood o inb OB

flrcluda <catdioc. b

raid Cme (]
A Veciskles 1

* OparatoEa
Contral Flow 3

pcintt | "Te=stiog fapctian 2ne \ati;

= Fanctions

“Hazic: Bremkang Wp main(|

Iransfer of i

Bottles: Poi printr|¥In madisn jEY)
o ] 2
print? | *Back im sain, Ynv|:

]

Taing the CECuEbh ¥
Ayuare: O=e

“Argumenta mod Pace —

*oall by we Drescription

Sum;

Sgue | Lme & mchides the hbrary p=eded so that the prietf cofput skatement wrarks.

doopes wariables wit
nall he cel The program starte execubing st bnel?. Loe 1B iz a fmcten call bo Bischon

O, g0 conbrel ie franafermed up te ine 12, Coce all the erecotable linss in the
firction are Buched, contral passes bacle to whers we cames from [me 18)

Figure4

Technical Implementation Details

The system will be housed on a Dell PowerEdge server at the University of Illinois
Computer Science department connected to the Internet at near T1 line speeds. The 300 — 500
examples will be served using a Microsoft Access database. The web server and scripting
language will be either Apache with Java servlet scripting (via JDBC), or Microsoft Internet
Information System (11S) with Active Server Pages (ASP) scripting. On the client side state
information will be stored using cookies, with JavaScript enabled to allow selective outline
expansion as illustrated in the sample windows above.

Each example program will contain the text of the program, a header field with alist of

the key concepts, and a text description. Once the database is working properly, the generativity



component will be added to alow users to submit their own examples. Text windows will be
presented for the program text, description, and keywords, and the submitted program will be
marked as un- moderated. After the submitted programis verified by a system moderator, it will
be listed along with the other examples. Users can choose to list un-moderated examples as well

by selecting that option on the main search page.

Time Table to Realize the Objectives

The proposed project will run for 2 years, across 4 academic semesters in the Computer
Science department at the University of Illinois at Chicago. The Pl will work closely with a
Master's Degree student who will work on the project 20 hoursweek. Additionaly 2
undergraduates per semester who are currently taking the introductory program course will work
10 hours per week. Figure 5 shows atimeline of the principal activities. Database design (Pl
and M S student) will occur during the first half of the first semester, with aredesign period built
in after the web-based interface is partially implemented. The web-based interface (Pl and MS
student) includes implementing the server-side scripting to get the web pages to talk to the
database. It has 2 breaks during the student evaluation periods, where the system needs to be

static. Indexing the contents will be done jointly by the Pl and the M S student.

Design Database
Implement Web-based Interface
Create and Index Content

Undergraduate Student Input into content

Undergraduate Student Testing

Student Evaluation

Results Dissemination

Semester: 1 2 3 4

Figure5



The undergraduate students will spend the first two semesters giving feedback as to the
guestions they have and whether or not they can find the answers using the examples supplied by
the system. During the second two semesters the two students using the system each semester
will give feedback on the usability of the system, and will do a formal evaluation at the end of
each semester. During the last two semesters the Pl will write up a description of the project, as
well as the project results once the project is over. These results will be submitted for

publication in Computer Education Conferences and newsgroups

Facilities and resources available

This project will be housed at the University of Illinois at Chicago (UIC) Computer
Science Department. The test bed for the project will be the CS 102 course, which will have
approximately 480 students over the course of 4 semesters. The department is committed to
finding more effective learning environments, including web-enhanced courses and virtual
environments. Current introductory Computer Science courses use the web extensively for
synchronous and asynchronous presentation of material, student research, and turning in
programs. The Computer Science Department is part of the College of Engineering, which has
55% minority students. Housed in an urban setting, the College is committed to ethnic and

gender diversity.

Experience and Capability of Principal I nvestigator

The PI has taught undergraduate introductory programming courses to roughly 1,700
undergraduate students over the last 12 years and has a demonstrated track record of

commitment to technology in education.



From 1991 to 1996 the Pl was the Principal Investigator for a bilingual Summer Science
Camp (SSC) for 134 middle-school students, funded by NSF and DOE. This program was Six-
week full-time study and lab introduction to Computer Science hardware and software for 134
inner-city Latino middle school students. It included material normally not encountered until
University-level Engineering courses and was an incentive for students to enter math & science
based careers, resulting in increased interest in science, engineering and math careers for 90% of
the participants. From 1998 to 2001 the PI was (is) a NSF Post-Doctora fellow in SMET
Education (NSF PFSMETE), working for the first two years with an NSF-funded Center for

Learning Technologies in Urban Schools.

In the last two years teaching introductory programming at UIC the Pl has pioneered the
use of hands-on labs and hands-on testing, implementing this for a large lecture-format classes of
90 students. Hands-on testing in particular has been a challenge, designing tests that evaluate
student’ s programming skill as opposed to just their programming knowledge. Additionally the
Pl has been developing a knowledge base of 130 online examples to help answer student

guestions, which can be seen at http://logos.eecs.uic.edu/171, under “Notes/Functions’ and also

under “Samples’.

Evaluation Plan

The project evaluation has three components: 1. Gathering usage statistics of the online
examples, 2. Detailed interface evaluation forms filled out by 4 undergraduate students during
semesters 3 and 4, and 3. General evaluation forms filled out by undergraduate students using the

system during semesters 3 and 4 of the project.



The usage statistics will give frequency of use of each example. These statistics will
dynamically affect the behavior of the system as it progresses, since they will determine the
ordering of presented examples when users select a Display Type of “Popularity” (see screen
shots above). These statistics will show which examples are used, how many times they are
used, and an approximation as to how many different students use them.

The detailed evaluation forms will be filled out by 4 undergraduate students who will
spend 10 hours each per week using the system during semesters 3 and 4. They will report on:
1. A description of the question they had, and 2. What percentage of the time the answers to their
guestions were found in the knowledge base, as opposed to in their textbook or elsewhere.

The genera evaluation forms will be filled out by the 300 undergraduate students who
use this system as part of the CS 102 course. These evaluations will be filled out using “bubble
forms’, where the students will be asked to answer the following questions using arating of 1
to 5:

1. How often did you use the examples system to answer a question?
(1 rarely - 5 often)

2. How often did you use your textbook to answer a question? (1 rarely - 5 often)

3. How well do you understand programming in C? (1 poorly — 5 thoroughly)

4. How confident are you that you could find the information you need to solve a
programming problem? (1 not confident — 5 very confident)

5. How good of a programmer are you? (1 poor — 5 excellent)

6. How easy was it to learn programming in this course? (1 difficult — 5 easy)

The first semester these questions are asked (semester 2) the system will not yet have
been deployed. The answers to these questions will then be compared to those of the students in
semesters 3 and 4 to see if the system made a difference. The attitudes of the end users of the

system will accurately reflect its usefulness.



An eventual measurement of success nationrwide could be measured by the number of
links to the site, as reported by Google or other search engines. An additioral metric would be

the number of examples submissions to the generativity component of the system.

Dissemination of Results

The target audience for this project consists of 3 groups: 1. Computer programming
Teachers, 2. Students, and 3. Computer science textbook publisher editors. Teachers and by
extension their students can be reached through publications in computer education conferences
and newsgroups (eg. FIE, EDUCAUSE, ACM-SIGCSE, ASEE, ISECON, ICTE, and
comp.edu). A description of the project could be submitted to one of the above conferences
while the project is in progress, with the results submitted at the end of the 4 semesters. The PI
has aready had a conversation with McGraw-Hill regarding turning this into a commercia
product, though the feasibility of this could more accurately be guaged at the end of the two- year

project.

A moderate number of examples submissions could be handled by instructors teaching
the introductory course here at UIC. Thereis aso the possibility of an *open source-like” shared
responsibility of moderating submissions. If the number of examples submissions grows

quickly, further funding would be required to successfully incorporate the examples.



