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Abstract

This paper presents a case study of high school teachers’ experiences using network
technology in their classes. High school teachers confront a number of issues when
implementing technology in the classroom. This paper describes a collaborative effort by
high school science teachers to develop and identify appropriate materials for use with
the LON-CAPA system.  Examples of the materials they have created and used are
presented. Teachers report high levels of satisfaction with the impact the technology has
had on their teaching, both from their own and their students’ perspectives.

Introduction

“The K-12 education system has changed considerably the last 5 years. The
amount of time we have to do stuff is very limited right now. The State uses it up
quickly with all of its paperwork and its testing and everything else …”

A high school teacher in Michigan

High school physics teachers face numerous challenges today. Because the material they
teach requires students to practice problem solving in order to learn the material, they
must assign, and ultimately grade, lengthy homework assignments and exams. They are
also often asked to teach courses from several disciplines (e.g., chemistry or biology), in
addition to their core physics classes. The time pressures faced by high school teachers
make them an important potential consumer of internet-based learning and assessment
systems.  Indeed most schools have made significant investments in computer
technology.  Yet, there seems to be room to improve how technology is integrated into
the high school curriculum.

In this paper we describe our experiences and interviews with a group of local high
school teachers as they have implemented the LearningOnline Network with Computer
Assisted Personalized Approach (LON-CAPA) system [1].  We conducted detailed one-
on-one interviews with six teachers and had discussions with eight other high school
teachers who are using the system.  These teachers have developed a set of online
teaching materials, mostly homework or examination problems, specifically geared for



high-school courses.  These resources are stored within LON-CAPA, and are available
for use by all K-12 teachers using the LON-CAPA system.

A brief historical perspective on the CAPA and LON-CAPA systems

In the fall of 1992, CAPA (Computer-Assisted Personalized Approach) [2,3] was piloted
in a small physics class at Michigan State University (MSU). CAPA provides students
with personalized problem sets, quizzes, and exams. CAPA was initially used via Telnet,
but switched over to the Web when it became widely available.  In brief, with CAPA
every student is given a different randomized version of each problem on a homework,
quiz, or exam set.  Students enter their answers via the internet and are given instant
feedback and hints, and may correct errors without penalty until the assignment due date
(the number of “tries” allowed is set by the instructor). The system records the students'
participation and performance, and the records are available online to both the instructor
and the individual student. A description of CAPA together with references to various
studies on how it has been used to impact student performance is summarized in Ref [4].

In the spring of 2001 the LON-CAPA system was launched.  This system integrates
CAPA into a full-featured course and learning content management system
(CMS/LCMS), which handles all aspects of running a course from the initial preparation
and assembly of learning content to enrollment, communication, and grading. The system
is both open-source and free of licensing fees.

The development of LON-CAPA represents a step up in both ease of use and
functionality. The most important new functionality in the system is the ability to share
educational resources within and across institutions simply and efficiently. It is this
functionality that differentiates LON-CAPA from the vast array of other instructional
technology systems available. Indeed, the way resources are created and shared within
LON-CAPA is a realization of the initial reason for inventing the World Wide Web, and
represents an achievement of the goal of collaborative editing along with viewing of
documents [5].  A complete overview of LON-CAPA, together with relevant research
publications and presentations can be found at http://lon-capa.org/

Currently, LON-CAPA serves well over 23,000 course enrollments system-wide at any
given point in time. The vast majority of these are in university settings, but about 300
are in middle schools, and 500 are in high schools settings. Disciplines currently include
astronomy, biology, business, chemistry, civil engineering, computer science, family and
child ecology, geology, human food and nutrition, human medicine, mathematics,
medical technology, physics, and psychology.

LON-CAPA in high schools

The high school teachers who have adopted LON-CAPA in Michigan have been
introduced to the system in a variety of ways.  Some teachers were students at MSU and
took courses that used CAPA.  Others became familiar with the system when they
participated in the PAN (Physics of Atomic Nuclei) program, a summer program for



teachers held at MSU.  Most recently, a number of teachers have been introduced to the
system via the Research Experience for Teachers program sponsored by the National
Science Foundation [6].  Although a number of disciplines are represented among the
high school teachers now using the system, the majority of the teachers are in the natural
sciences, including physics, biology, and chemistry.

The costs of starting out – Setting up the system
The teachers who adopted LON-CAPA, or CAPA in earlier years, encountered a variety
of difficulties as they were starting up [6].  For example, LON-CAPA is generally run
from a dedicated server at each institution.  This represents a fairly significant start-up
cost, and not all schools have funds available for such a purchase.  One high school was
able to acquire the necessary funds via an educational partnership grant with the Coca-
Cola Company.  Currently, different models for hosting are being investigated, in
particular with respect to FERPA laws.

Early adopters (i.e., 1995-1997) also ran into hardware difficulties on the student side
because many students did not have computers or internet access at home.  However, the
teachers we interviewed in 2003 and 2004 generally did not report problems with student
access.  The teachers estimated that over 80 percent of their students had internet access
from home. All of these teachers also reported that students had access at school and at
their local libraries.  As one teacher said:

“It’s rare to have a student in class that doesn’t have access to it at home but it
always happens. I’ve got a couple kids that don’t have home access to the
internet, so we’ve got a couple of computer labs here at the school. They can
come in before school and use my computer, they go to a friend’s house….
accessibility hasn’t been an issue that has caused kids any difficulty.”

The costs of starting out – problem/content location and generation
Without doubt, the biggest start-up difficulty has been the generation of appropriate
problems and materials at the high-school level.  LON-CAPA is a platform, not a
curriculum, and so the actual materials must be still be developed or assembled. As one
teacher (who was the only teacher in our group lucky enough to get a teaching load
reduction so that he could create problems for LON-CAPA) stated:

“…it’s a huge time commitment and investment to generate problems.”

There are large libraries of college-level physics, biology, and chemistry materials (both
homework problems and other educational resources) that university faculty have
developed and have made available to all LON-CAPA users.  One challenge high school
teachers have confronted is how to find appropriate problems and materials from these
large libraries of university-level resources.

A keyword based search engine is included in the LON-CAPA system to assist
instructors in finding existing resources.  With the search engine, acquiring an
educational resource such as a physics problem concerning angular momentum, or a 1-



page procedure for the safe use and handling of a pipette is an easy operation.  Keywords
are provided by the author of the problem and are also proposed by the system at the time
a resource is made available.  Searches can be conducted within a specific library or
across the entire LON-CAPA network (including libraries from the other universities and
K-12 schools in the network).  Additional cataloging information regarding appropriate
grade levels and educational standards has been added in the most recent release of LON-
CAPA.We note here that most teachers and professors have made their LON-CAPA
resources freely available to colleagues for student use.  However, it is possible to limit
the distribution of problems across the LON-CAPA user network – as one would need to
do if they were using copyrighted problems from the back of a textbook.

The greatest current use of the system at the high school level is for problem solving on
homework.  Some of the teachers we interviewed reported that prior to implementing
LON-CAPA, they spent hours each day grading homework assignments.  Other teachers
reported that they did not grade homework – instead they simply gave students credit for
completing assignments.  For example:

“That’s one thing about teaching, you are always, always, always grading …
you’re just always carrying something home.”

Or:

“A typical physics week I’ll have 3-4 homework assignments from each student,
there might be anywhere from 3-20 problems I have to do. I’ll give them a test
and it sometimes takes me 2-3 days to get the tests all graded. No TA’s, it’s just
me and that stack of 105 tests”

On the other hand:

“Did I grade the homework? Not really. I gave them credit for doing it and we
would mostly check it together in class.”

Examples of high-school level problems in LON-CAPA
To give readers a sense of the types of questions high school teachers have written and
are using on LON-CAPA, we have included several examples.  Most of the physics
problems written by the teachers are algorithmic, with numerical values differing among
the students.

An entertaining example dealing with torque and equilibrium is shown in Figure 1, with
all four numerical values changing from student to student [8]. Numbers such as the
weight of the beam and the distance from the ends of the log vary from student to student
– this is what we mean by “personalization.” Students must enter both the correct
numerical value as well as the unit for that quantity to get credit. Students are encouraged
to collaborate but cannot just copy because answers also vary from student to student.



A second example is a teacher who used the system to verify his students’ laboratory
calculations [9]. An experiment on friction is a good illustration.  In the lab, students
slowly increase the angle of a wooden board upon which there is a block at rest. They
measure the angle at which the block begins to slide, and also the time it takes the block to
travel a distance L.  They enter their measured values into LON-CAPA. Students are then
presented with a series of questions to which they respond as they would for any numerical
problem, for example:

• Calculate the coefficient of static friction between the board and block.
• Calculate the acceleration of the block.
• Calculate the coefficient of dynamic friction between the board and block.

This represents a great saving in the teacher’s time as students who do not carry out the
calculations properly are so informed and can correct their work.

Although obtaining numerical solutions to algorithmic problems is a major task for
science students, many of the teachers want to have students write and explain their work,
in addition to getting a correct answer. The next example (presented in Figures 2 and 3) is
a good illustration of how a yes/no problem can be transformed into an essay.  Each
student sees only the upper part of the figure, whereas the bottom parts are only visible to
the instructor when they grade the online essays. The graphs in the two figures differ, as
do the numerical values, and for fun, the names used. This problem requires students to
write an essay in which they describe their conclusion and how that conclusion was
reached. Each student types in his or her essay directly in a window provided, or, if
allowed by the teacher, submits an electronic file.

Students must read the initial and final elevations of the ramp from their own graph. The
initial speed is selected so that for about half of the students the skateboarder makes it to
the top.

The system presents the grader with the information in the lower sections of figures 2 and
3 so that the grader can thus judge the quality of the student’s calculations and
explanations. For pure text submissions, the system performs an automatic plagiarism
check against a database of all previously submitted essays. The grading tool also
provides a convenient way to send feedback to the student. For this particular exercise, a
student could agree with Carol (Figure 2) who is unsure of the outcome, but not with
Terry (Figure 3), by arguing that the excess kinetic energy is very small. With good
calculations, this would reasonable ‘out-of-the-box’ thinking.

Putting the problems together - TheDump
The task of assembling a balanced homework set on a given topic can be substantial.
Including appropriate educational resources to guide students can add significantly to the
work. Such sets are now readily obtainable for topics in several science disciplines due to
the work of members of an association of teachers that organized this past summer in
Michigan.  Aptly named TheDump, (Teachers Helping Each-other Develop Usable
Materials and Problems), it is readily accessible to teachers.[12] The site is a repository,
not of the educational materials, problems or exercises, but of the paths to such resources,
grouped in work units or homework sets. The resources are organized by disciplines, and



by topics within the disciplines. In just a few ‘clicks’ a teacher can make any content
referenced in such a group immediately available to students in a class. This is a much
smaller task than assembling such a set from the multitude of individual resources
scattered across the network.

“… now I see how easy it is to peruse libraries and look at stuff that’s already out
there ... I think it works out really well. It’s easy to grab stuff and I hope
TheDump gets used that way.”

One of the goals of the association is to keep upgrading the quality of the resources in the
various groupings.  As teachers from different parts of the State, and in the near future,
the Nation, collaborate in identifying appropriate homework materials, they are
establishing de-facto educational standards among each other on a grass-roots level.

The impact of LON-CAPA on students and teachers

When we asked the teachers to describe how LON-CAPA has affected their own teaching
and their students’ learning, there were some responses that were virtually universal.
One very common response concerned the increased level of collaboration (rather than
copying) between students.  For example:

“…usually you’d see them working on it in pairs, 2 or 3 of them, and particularly
the smarter kids who really knew it and liked computers were spending time to sit
down with their friends and help them through it … They were very patient with
each other”

Another common response concerned the usefulness of the feedback teachers received
via the system concerning student performance.  Several teachers commented that they
use information from the system to structure review sessions and lesson plans.  They also
use it to determine whether some students are having particular difficulties with the
material.  In their words:

“You can access the statistics associated with a problem, and on review days you
can say, well they had trouble with these 2 problems; I better just take some time
to talk about those.”

And:
“I give them a certain type of problem and if I see a certain percentage of my
class getting it wrong then I go … how I can fix this in the classroom? Or if I
have a student that’s consistently getting problems wrong I can pull them aside
and say: the test is coming up in a couple days, LON-CAPA told me you don’t get
it, let’s sit down and we can go through it again.”

The teachers valued the time saved through the computer grading of homework
assignments.  They often reported that they were able to spend that extra time helping the
students learn.  For example, a teacher who didn’t grade assignments himself, but did
spend time checking homework in class, reported that:



“What I do now is since we’re not spending as much time checking homework in
class, we go through a lot more examples together in class.”

From the students’ perspective, the teachers reported that most students liked the LON-
CAPA system, although a few students in every class seem to find it rather disagreeable
(perhaps because it disallows copying). As one teacher noted:

“The students appreciate the instant feedback and the opportunity to make
multiple attempts at problems they have answered incorrectly. Students told me
that CAPA helps them learn the material.”

In conclusion, the teachers we have talked to and with whom we have interacted at a recent
workshop [Ref 14] clearly perceive that there is a significant incremental gain in their
students learning from using the system, and they believe that these benefits warrant
overcoming the startup hurdles. We asked the teachers to summarize what added value
LON-CAPA brings to their classrooms, both for themselves and for their students:

• Reduced grading - by not having to grade as much homework teachers can spend
more individual time with students.

• Personalized assignments allow students to collaborate on concepts and methods
instead of simply sharing answers. Reduces the ability of students to copy
homework.

• Specific struggling students can be identified and be given more individualized
attention on specific problem spots.

• Immediate feedback allows students correct their mistakes.
• Opportunity for increased communication between the teacher and the students as

well as student to student.
• Increases in the opportunities for collaboration between high schools and

universities.
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Figures

Figure 1. Illustration of an algorithmic physics problem dealing with torque and
equilibrium.

Figure 2. Example of an individualized essay problem.  Students see the information
displayed in the top section of the figure, and the instructor sees the information in the
bottom section to facilitate grading.



Figure 3. Another student’s version of the problem shown in Figure 2.




