
Teaching Software Engineering Principles
Using Robolab and Lego Mindstorms*

RENA HIXON
Wichita Homeschool Warriors Lego Robotics Club, USA. E-mail: erhixon@swbell.net

Engineering can be made real and enjoyable to young children while providing opportunities to
teach engineering applications. A robotics camp was developed to teach general programming
concepts to elementary and middle school children using Lego Mindstorms kits. The camp could
easily be expanded to teach students in high school. In recent years, engineering has been taught in
very few K±12 schools causing a problem in recruiting students for engineering at the college level.
Ideas for promoting engineering include training teachers at the K±12 grades to teach engineering
and involving parents at this age level to follow through to graduation with training [1]. The
curriculum developed for the weeklong camp could be used by fourth through eighth grade teachers
to acquaint students with programming skills needed for computer engineering in high school and
college. Since children of all ages enjoy playing with robots, the Team Challenge (Lego Mind-
storms) kit developed by Lego Educational Division is an excellent teaching tool. Robolab,
developed by Tufts University, can be used to teach computer engineering principles to fairly young
students. Students starting at age ten, eleven or beyond can start to understand and enjoy software
development using these kits. A weeklong camp using Team Challenge kits with Robolab was
developed to teach children of these ages programming concepts that could be used in all
programme design. An advantage of Robolab for this age group is the icon-based language,
making it easier to understand than a written programming language.
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INTRODUCTION

EDUCATING AND GENERATING ENJOY-
MENT in young children for engineering, science
and mathematics can promote career choices in
these fields. Too often, children lose interest in
these subjects during younger years, preventing
them from pursuing these topics in college and
beyond. More students need to be interested in
engineering and science to enhance the United
States economy in the future. To interest students
in engineering in college, there is the need for more
educational opportunities at the precollege level to
prepare students to enter these fields at the college
level [2]. To increase the interest among United
States students, parents and teachers must be
trained to teach engineering and science.

Companies, such as Lego Education, are devel-
oping products that encourage children in younger
grades to have an interest in science and engineer-
ing. Even though the products are available, many
of the teachers are not trained to teach science and
engineering topics [3]. Tools and curriculum need
to be developed for use by K±12 teachers to
interest young children in engineering principles.
Robots can make learning enjoyable and encou-
rage children to continue learning.

As the curriculum standards for Kansas third
and fourth grade science show, teachers are
encouraged to teach science. They are expected

to provide students with `a variety of educational
experiences which involve science and technology'
[4]. They want the student to `begin to understand
the design process, which includes this general
sequence: state the problem, the design, and the
solution' [4]. There are two benchmarks that are
associated with this standard. The first is that a
student works with a design problem and the
second is that a `student will apply their under-
standing about science and technology'. [4] For
fifth through seventh graders, an additional bench-
mark is that the student `will develop understand-
ings of the similarities, differences, and
relationships in science and technology'. [4] Teach-
ing programming in fourth grade and beyond can
provide these opportunities.

Born out of the desire to teach that engineering
is a process and not guess work, a homeschool
robotics club formed in the autumn of 2004. The
objective of the club was to promote learning and
interest in engineering using the Team Challenge
kits with Robolab software. Reference 10 gives an
idea of the type of activities conducted by the club.
Due to lack of computers and time, in-depth
programming concepts were unable to be taught.
From this came the interest in teaching an
advanced programming camp to expose these
children that were already being taught engineer-
ing principles to programming concepts.

The concepts outlined in this paper are targeted
towards fourth through eighth grade students and
were developed by a software design engineer. The* Accepted 10 August 2007.
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goal of the camp is to use Robolab to teach
programming principles that are not generally
taught at this level. In order to develop working
programs, a student is required to understand how
the robot operates and to state the problem before
designing the program. Not only are the principles
of computer engineering used for program devel-
opment, but the basic engineering process is neces-
sary to create a working program.

Objectives
The overall objective of the camp was to

promote interest and teach programming features
and advanced concepts used in all programming
languages. The camp indicated that students as
young as ten could understand the concepts, use
them and continue to build robots and program.

All programming languages require a knowledge
of loops, statements, subroutines, variables and
interrupts. More advanced techniques used in
programming languages are suspending a program
until another event occurs and task splits. In Table
1, programming terms used in computer science
are given and the equivalent terms in Robolab are
shown.

At most universities, an introductory computer
science class will teach an introduction to high-
level programming. This assumes that most high
school students have not had this training. In the
standards developed by IEEE Computer Society
for teaching computer engineering [3], an entire
section is devoted to programming fundamentals
and the courses that should be offered in this area
at the college level. One course is a history course
teaching reasons for programming. Students using
Robolab with Lego Mindstorm kits have experi-
ence using programs to control robots. Another
college course is designed to teach high-level
programming emphasizing many of the concepts
taught to the children in this summer course.

The Lego Company's Educational Division [5]
sells a Team Challenge kit with Robolab [6] soft-
ware, written by Tufts University. Two groups of
individuals use these kits; precollege science
teachers and professors in engineering. The precol-
lege science teachers have a background in math
and science, but have not had practical experience.
The professors in engineering use these same kits
to teach college students [7] [8]. Some of the same
people developing college curricula are providing
similar experiences for K±12 education [9], but the

resources available for educators in the classroom
at this level are minimal. Therefore, a curriculum
for elementary educators needs to be developed so
they can teach concepts that they themselves may
not have learned. This material needs to be inter-
esting and fun, but still informative. Additionally,
students need to know that engineering is more
than just guessing.

Process
Robolab is an icon-based programming

language developed by Tufts University on top
of Labview, which is used in industry for test
equipment. Robolab was developed to control a
Lego brick called the RCX that has three outputs
that can control devices such as motors and lights
and three inputs that can have various sensors
attached. Some of the Labview commands are
accessible in Robolab. Those commands could be
used for teaching more in- depth programming for
high school students.

To teach programming, a simple robot needs to
be built that can be used for all of the program-
ming concepts that are to be taught. A simple car
with motors and a short wheel base is best.

Flowcharts are good tools to help facilitate
younger students to learn programming. Simple
blocks describe the actions that are to take place
and the lines and arrows demonstrate well where
controls in the program should be placed. Using
the flowcharts with the icon-based language make
the programs easy to write.

The progression of teaching concepts is impor-
tant for helping students to understand program-
ming. The first thing to teach the students is that
programs only run once. This can be done by using
Robolab commands that turn on motors and turn
them off again. Students can observe by running
the program on the robot that the program only
executes once.

Once the students understand that programs
only run through once, then loops should be
introducedÐconditional and unconditional
loops. These are necessary for more complicated
programs to be written. Unconditional loops
produce programs that run forever until the
power is shut off to the robot. Conditional loops
check for some action, such as a touch sensor to be
pressed or a light value to change.

Program suspension is a more complicated
concept to teach in higher level languages, but is

Table 1. Computer engineering terms and related Robolab terms

Programming Terms Robolab Terms

1. Loops, conditional and unconditional 1. Loops
2. If statements 2. Forks
3. Program suspension 3. Wait for
4. Subroutines 4. Subroutines
5. Variables 5. Containers
6. Multi-tasking 6. Task splits
7. Interrupts 7. Event Programming

Teaching Software Engineering Principles 869



quite simple to teach with Robolab. When the
Robolab `wait for' commands are used with the
robot, it is easy to observe that nothing else is
happening until the condition, such as a light
sensor value or touch sensor pressed, is met.
Observing the behaviour of the robot helps the
students to understand the program.

The students must be taught to write subrou-
tines and how to implement them. In Robolab, this
is much simpler than in higher level languages.
Each subroutine is assigned a number indicating
what subroutine it is. This number is used to
execute the subroutine.

Using containers in Robolab is a more complex
programming concept because containers can be
used in all of the previously taught and future
concepts. The use of the word containers is helpful
because it helps the children understand the idea of
holding something. Introducing the term `vari-
ables' can help the students understand the
values in the containers can be changed while
introducing them to terms used in later program-
ming classes.

Multi-tasking is taught by giving the students
ideas that they may already understand on compu-
ters, such as using a word processor while search-
ing the Internet. This helps students understand
the term and at the same time relates it to
computer technology. Examples are given to the
students by a robot playing a tune at the same time
as it is checking a sensor. Without multi-tasking,
the robot would either check the sensor or play a
tune.

Interrupts are best taught by giving several
programming examples using different sensors
and letting the students observe what is happening
on the robot. Explaining the functioning of the
programs as the robot executes helps the students
to grasp these more complex ideas.

The use of a robot to teach the concepts makes
learning enjoyable for the students and they receive
immediate feedback on whether the robot works or
not. When they see something work, many times it
gives children ideas of their own to try.

Implementation and observations
In the summer of 2005, a pilot group of nine

children, with ages ranging from nine to thirteen,
all of them schooled at home, were invited to
attend the camp. The children attended for five
days, three hours a day. The invited ones already
had experience using Robolab and, except for
three, had competed in a local robotics competi-
tion. The students worked in groups of two,
sharing a computer. On the first four days, instruc-
tion was given; on the fifth day, the children were
given two different challenges to attempt.

From previously working with these children, it
was apparent that they used a small subset of the
features that were available in Robolab and did
not totally understand the programs that they had
written. The objective was first to make sure they
understood how simple programs worked and then

teach advanced programming techniques using
hands-on examples. One of the robots designed
for the competition could not be turned off with
the on/off button. Their solution was to turn off
the power because they did not know why the on/
off button did not work. After the students ran the
first program given in the camp, they commented
that they now understood why the on/off switch
would not stop the program.

Before the camp, several of the students had
already been using Robolab. Few, if any, of the
students before the camp understood loops which
are a basic programming concept in all languages.
After introducing loops on the first day, most of
the students grasped the importance of loops and
how they worked.

In order to teach the material, the specific
concept was taught first. It was demonstrated
with an example on the robot. Afterwards, the
students were given a program to write themselves,
test it and get it working. When necessary, material
was reviewed. If the new concept could be
combined with what was already taught, more
examples and programs were given to include
both concepts.

One of the exercises given to the students was to
read two different light values and calculate a light
value with which to follow a line. The students
were instructed to read a light value, sound a tone
and physically move the robot to read the second
value. One of the students put the robot down and
left it instead of physically moving it to read the
second value. The robot had been programmed to
turn to read the second value, instead of the
student moving the robot!

On the last day, the students were given two
challenges. One of the challenges was a duplicate
from a local robotics competition which was partly
composed of line following at the beginning,
detecting a touch at the end of the line and turning
around and following the line in a different direc-
tion. The second challenge required using a light
sensor to determine different values of dots on
paper and to count the number of dots lined up
on the page. They were allowed to choose which
challenge they wanted to do. The children had to
use different concepts presented during the week.

Most of the children chose to do the duplicated
challenge. It was quite surprising when a ten-year-
old chose to use an interrupt to trigger a touch
condition! Many college students find this concept
challenging. To the student, he was simply using
event programmingÐa technique he had been
taught earlier in the week.

For competition, the challenges are released six
weeks before the event. The challenge used for this
camp had taken the children all six weeks to
complete. Two of the groups completed the first
third of the challenge on the last day of camp. One
of the groups chose to experiment on the first third
of the challenge using two different programming
approaches. They used the normal `wait for' and
then event triggering for the touch sensor.
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The dot counting challenge needed to be better
designed and the children had problems with it.
They discovered that the robot had to go fairly
slow and straight to detect and count the dots. The
students had the program working when the robot
would go straight. Using different coloured lines
would be a more effective challenge. This is a very
good course for the students to learn about
containers because they are necessary to accom-
plish the task.

Assessment
The original camp was not designed to assess

what the students learned. The idea was to teach
fourth to eighth graders skills to help them make
more powerful robots. An assessment was given to
the parents to help determine the immediate effec-
tiveness of the camp, but the real assessment would
be obtained by observing these kids work with
their robots in the future. Since one of the goals is
to teach kids that programming can be fun so they
will want to pursue it in the future, the courses
these children choose in high school and later on in
college would help determine the overall effective-
ness of the camp.

The survey was given to the parents about a
month after the camp. They were asked three
questions:

1) Was the camp a positive educational experience
for your child?

2) Has the child been using the skills he developed
since camp?

3) Did this experience give them a more positive
view of engineering?

They were asked to rate each question on a scale
from one to five with five being positive and one
being negative. The average results are shown in
Table 2.

During discussion with the parents, most of
them commented that the reason that their child
had not been programming was due to a lack of
time during the summer. One parent said their
child had not done any programming because
one of his major Lego components for the robot
had been broken since camp. The other parent who
answered the question with a one said they had
been out of town or involved in other activities
since the camp. All of the parents expressed
complete satisfaction with the camp and were
excited to have skills taught to their students that
they did not feel qualified to teach.

At one point during the camp, the students were
asked if they felt they had learned much during the
week. All of the students responded positively. One
student commented that now that he had been
exposed to it, he felt he would more readily use the

concepts and understand better how to do so.
Figure 1 shows the students at the camp.

After the camp, a few of the students partici-
pated in a Lego robotics club. They were building
new robots and using the programming concepts
used in the camp. They helped to teach the
programming concepts to new students who did
not have the experience of the programming camp.
The robots provide an incentive for the children to
continue programming and provide them with a
good basis for studying software engineering in
later years.

Additional questions that could be asked to
determine the effectiveness of the camp would be:

1) Did the students find the camp enjoyable and
want to use the new skills learned?

2) Do the children continue building robots and
using the programming language?

3) Are they developing ideas of their own and
using the programming concepts taught?

4) Are they able to teach others what they learned?

Summary
Even if the students did not fully understand all

of the ideas, they were exposed to many program-
ming language concepts. The kids enjoyed being
able to make the robot respond and knew it was
accomplished by programming. When encounter-
ing these same concepts later, the students will
already have some understanding of them.

Engineering can be made real and enjoyable to
young children while preparing them for program-
ming in high school and college. These children
can be shown that engineering is a process and
guessing is not the best way to approach a design
problem. The children used the key programming
concepts of loops, if statements, variables, inter-
rupts, subroutines, program suspension and multi-
tasking to accomplish various tasks for the robots.
The children learned some complex programming
concepts that even college students have problems
grasping. By requiring the students to state the
problem before designing a program, they grasp
the basic engineering process.

Table 2. Results from parent survey

Question #1 Question #2 Question #3

5 2.6 4.8
Fig. 1. Students participating in robotics camp.
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By the end of the week, the majority of the
students were able to use the programming
concepts that had been presented. The youngest
two students (one nine and one ten-years-old) had
learned more about programming concepts, but
did not grasp all of the programming details. Both
of these two younger students are much more
interested in building than programming. The
rest of the students appeared to understand and
be able to use the majority of the programming
concepts. All of the children expressed enjoyment
in the camp, proving that students could find
enjoyment in this type of programme.

By giving the students flowcharts with each
program and encouraging them to draw their
own, the children were shown that there is a
process to be followed, rather than just guessing
about how to write programs. The students (or
even the precollege teachers) may not know the
computer science terms for their programming
concepts, but they understand how to methodi-
cally approach a design problem.

An advantage of teaching Robolab with Team
Challenge kits is the ability for the students to
immediately see the results of their programs.
Embedded system programs control hardware
and the students using Lego Mindstorms are
getting to control motors and lights and read in
values similar to an embedded system. It is also a
good tool for teaching younger students program-
ming because the icons make it easier for younger
students to understand. The concepts are no less
complex because they are icon-based, but easier for
younger students to visualize. The students do not

have to be concerned with the syntax of a written
language, but can learn advanced programming
ideas. The students attending this camp are given
skills that can be used for future work in a
programming field. They have the opportunity to
use Robolab in robotics competitions for fourth
through eight graders sponsored by First Lego
League [12] across the United States and in state
competitions such as those held annually at
Wichita State University [13].

The students in this camp were taught all of the
programming concepts presented in Table 1 which
are not commonly taught to elementary grade
students. These cover basic and some advanced
programming principles that are in all program-
ming languages. Most K±12 teachers do not have
programming experience that prepares them to
teach children at this level. This type of curriculum
is necessary to prepare the elementary and middle
school children for classes in high school and to
instill an interest in computer engineering. The
children exposed to this teaching in younger years
are more likely to become the engineers to enhance
the economy of the United States in the future.

Based on presentations at a Robolab Confer-
ence in August, 2005 [14], the lack of material
available and conversations with Lego Education,
the material presented is unique to this age group
at this teaching level. Eric Wang [15] produced a
textbook for Robolab targeted for college. Since
there are no other books available for younger
students, his book has been used by K±12. The
curriculum used for the camp was specifically
designed for fourth to eighth grade students.
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