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Abstract
Teaching and learning about operating systems is difficult.  This paper uses a perspective based
in constructivism to examine previous attempts at addressing problems associated with teaching
operating systems.  Based on this review the paper describes the rationale, design and
implementation of RCOS.java a simulated operating system that provides animations and other
facilities to enable and support constructivist based approaches to operating systems education.

Introduction
A course covering the algorithms, concepts and theories behind the design, construction and
operation of operating systems is a recommended core component for courses in computer
science (Denning, 1989).  For a number of reasons students find operating systems related
topics, like many computer science topics, difficult to learn.

The difficulties and possible approaches in teaching operating systems have received wide
discussion in the computer science education literature (Downey, 1999).  While previous
literature (Chernich and Jones, 1994; Withers and Bilodeau, 1992; Wagner and Ressler, 1997)
has compared and contrasted these various approaches they usually do not specifically mention
the role of educational theory.  

Constructivism, the dominant theory of learning today, has been extremely influential in science
and mathematics education and is only recently starting to have a presence in computer science
education (Ben-Ari, 1998).  While there is a broad spectrum of approaches under the
constructivist banner two common beliefs are that learning is an active process of constructing
knowledge and that instruction is a process of supporting that construction rather than
communicating knowledge (Duffy and Cunningham, 1996, p171).

This paper examines previous approaches used in operating systems education from a
constructivist perspective.  The results of this review are then used to describe the rationale for
the design and construction of a simulated operating system called RCOS.java.  RCOS.java is
designed to address the problems and capture the benefits of previous approaches.

Previous Approaches
Constructivism can supply a theoretical basis for debating issues and evaluating proposals
related to teaching and learning (Ben-Ari, 1998).  The following section aims to review the
common approaches to operating systems education using a constructivist perspective.  The
results of this review have been used in the design and construction of RCOS.java.

A previous grouping of operating systems education approaches (Chernich and Jones, 1994) is
used to organise the review.  This grouping includes four categories: 1) theory only, 2)
supplementary activities, 3) simulated systems, and 4) real systems.  In reviewing each category
this section draws on the published literature and reported experiences and focuses on two main
questions that are fundamental to a constructivist perspective.

1. Does the approach start from the point of the student's existing knowledge?
It is currently possible for students at our institution to start their operating systems course
in the second term of study having completed only one programming course and a basic
course in computer hardware.  Such a student's model of an operating system is limited to
little more than the use of a Windows operating system.  

2. Does the approach enable students to participate in authentic activities that aid in the
construction of new knowledge?

Table 1 summarises the findings of this section and includes answers to the above two
questions and a summary of the lessons gained through experience.  



Approach Start Activities Experience

Theory-based

Theory only no no Shallow learning, cheap, simple

Theory first no yes Theory and practice separated, more expensive

Supplementary exercises

Physical
demonstrations

possible somewhat provides alternative representation, simulation/reality
gap, simple, cheap

Watching
animations

possible no no construction of knowledge, expensive

Constructing
animations

possible yes provision of system and training for students in
animation

Programming
exercises

possible yes difficult, requires programing experience, missing
the big picture

Simulated systems possible yes Simulation/reality gap, somewhat complex

Real systems no yes Complexity, expense

Table 1
Overview of previous approaches

The answers to the two questions posed in Table 1 often depend on the design of the learning
experience around the resource.  This means the above answers can be somewhat variable
depending on the instructor.  The answers in Table 1 are based on the existing knowledge of
CQU students and the common methods associated with the above resources.  

Theory-based

This approach introduces the theoretical underpinnings of a modern operating system (Wagner
and Ressler, 1997) with little or no practical application or demonstration (Chernich and Jones,
1994).  While many students never fully understand concepts introduced in this way (Chernich
and Jones, 1994) the substantial investment of resources and time required to implement
practical projects means it may not be possible to combine both theory and practice in a single
course (Downey, 1999).  Many institutions face a choice of a single theory only course or a
theory course supplemented by a follow up course that reinforces the theory with actual
implementation (Wagner and Ressler, 1997).  At our institution, as with many others, there is
no space in the curriculum to introduce a second course in operating systems.

A theory only course is often taught using one of the common operating system textbooks.  As
Bergin (2001) found with first year instructional texts most operating systems texts follow an
objectivist educational philosophy and provide few practical exercises.  Students have little or
no opportunity for active experimentation with the concepts and theories introduced.  

Many texts offer a ready-made, simplified representation of the knowledge domain.
Constructivists argue that there is great benefit in allowing students to participate in activities
that allow them to actively construct their own model of the knowledge domain.  Standard
operating systems textbooks often begin with an overview of the standard components of an
operating system.  As a result the textbooks are not starting from a point that matches the
mental models of many students.

Supplementary Activities

Many teachers of theory only courses recognise the short-comings of this approach and
supplement the presentation of the theory with a number of practical activities.  Some of the
supplementary activities mentioned in the literature include physical demonstrations (Tosten,
1993), animations (Hays, 1990) and programming exercises (Downey, 1999).  This section
briefly examines each of these approaches.

Uses of physical demonstrations range from use of toy trains (Tosten, 1993) through to the use
of students to physically act out operating system algorithms and data structures.  Physical
demonstrations attempt to provide students with a more concrete representation of the concepts



being introduced.  Physical demonstrations have been found to increase student motivation and
provide visual feedback (Tosten, 1993).  Student feedback, given years after completion of an
operating systems course, show that physical demonstrations aid in the long term recall of
concepts.  The resource and time costs in implementing physical demontrations is considerably
less than other approaches that rely on the development of computer-based resources.  

Understanding and analysing algorithms is a significant component of operating systems and
many computer science students find this a difficult task (Kehoe, 1996).  Many instructors have
looked to algorithm animation as a possible approach to easing this difficulty (Kehoe, 1996;
Naps, 1996).  Algorithm animation is used to depict the execution of an algorithm as a
sequence of graphical snapshots which is usually controlled by the student (Naps, 1996).

Kehoe (1996) reports on the mixed results found by investigations into the effectiveness of
animations as a learning tool.  While students report feeling that animations aid their
understanding of algorithms there have been numerous reports showing both negative/limited
(Rieber, Boyce, and Assed, 1990) and positive results (Mayer and Anderson, 1991).
Unfortunately in the majority of cases the positive result for the animation was small and not
statistically significant (Stasko 1997).

Pane, Corbet and John (1996) suggest that dynamic presentations are not a panacea for
instructional difficulty.  They also suggest that the challenge is to engage the student in the
activity.  To encourage students to actively experiment with animations and simulations.
Designing and implementing an animation forces the student to identify the fundamental
operations of the algorithm and question their own assumptions (Stasko, 1997).  Constructing
their own animations help students to truly learn and understand,  forcing students toward more
conceptual, fundamental reasoning (Stasko, 1997).

A number of authors (Downey, 1999; Ramakrishnan and Lancaster, 1993; Wagner and Ressler,
1997) describe small-scale user level programming exercises that avoid the resource implications
of programming exercises that deal with operating system internals.  Experience shows that
programing exercises do provide students with a good understanding of each individual concept
covered by the exercises (Chernich and Jones, 1994).  However, they do tend to produce
students without a grasp on how these concepts fit together to produce an operating systems
(Withers and Bilodeau, 1992).  It is difficult for students to achieve a unifying, big picture
model (Parker and Drexel, 1996).

Simulated Systems

Most simulated systems attempt to provide an environment that allows students to actively
experiment with particular concepts in order to gain better understanding. Simulated systems are
normal computer applications that run within a host operating system but provide some type of
simulation of an operating system related concept.  Simulated systems can be placed into two
categories: 1) instructional operating systems such as Nachos (Christopher, Procter and
Anderson, 1991) or Xinu (Carismo, 1995), and 2) simulations such as PRMS (Hays, 1990), or
MPS (Morsiani and Davoli, 1999).  Instructional operating systems provide most of the
functionality of a real operating system but with a much simpler implementation.  Simulations
typically provide an environment to experiment with specific concepts within operating systems.

Simulated systems provide a number of advantages over real systems.  They typically do not
require dedicated machines (Wagner and Ressler, 1997) thereby decreasing the cost and vastly
simplifying development and use (Christopher, Procter and Anderson, 1991).  Their code size is
smaller and thus should be easier to understand (Wagner and Ressler, 1997; Morsiani and
Davoli 1999).  Many simulated systems also provide functionality that is not available in real
systems.  For example, Nachos provides the ability to switch between deterministic or non-
deterministic operation which makes it considerably easier for students to grasp some concepts.
Systems such as PRMS (Hays, et al 1990) animate internal algorithms and data structures and
allow students to change parameters and modify algorithms.

There are also problems with the use of simulated systems.  The learning curve, while less
than for real systems, is still significant.  What simplifications are made often reduce the
similarity between the simulated system and a real system.  Consequently these systems have
been known as toy systems and some students treat them as such.  Simplification also means
that the simulated systems are an approximation of reality.  This leads to situations where they
do not act like real systems.  These gaps can mislead and confuse students.  The code



implementing PRMS (Hays et al, 1990) provided no conceptual separation between the two
separate concepts of hardware and operating system components (Chernich and Jones, 1994).
Similarly, the Xinu file system is a wrapper around the host operating systems file system
which means that students are unable to see the connections between the file system and low
level I/O (Nicholas and Barchanski, 2001).

Real systems level

A real system is defined as an application that acts as a real operating system by taking over
the hardware of a computer.  Using a real systems level approach to practical exercises within
operating systems means modifying the algorithms and data structures that implement the real
system, not user level programming of the system (mentioned in the supplementary exercises
section).  Real systems can include both instructional operating systems such as Minix or real
operating systems such as Linux.  

System level programming projects require significant investment of time and resources since
they require an intimate knowledge of existing code before the code can be modified (Wagner
and Ressler, 1997).  These systems are typically too large for students to grasp and include
optimizations that detract from readability (Nicholas, Barchanski, 2001).  Real systems are quite
complex and the source code is usually not available or available at a high cost (Wagner and
Ressler, 1997).  Installing and running instructional operating systems in labs adds further to
the cost of implementation (Wagner and Ressler, 1997).  Previous use of Minix at our
institution suffered since a majority of the distance education students were unable to install
Minix let alone being examination and modification of the code.  Both educational and real
operating systems suffer problems due to a lack of portability (Chernich and Jones, 1994;
Nicholas, 2001). 

RCOS.java
RCOS.java is designed to combine the benefits of many of the above approaches while
attempting to address many of the shortcomings.  RCOS.java provides students the opportunity
to observe animations and to actively experiment with the algorithms, data structures and
services of an operating system.   RCOS.java acts as a simulated operating system within a
Web browser.  It allows students to write, run and observe simple programs within a
Windows-like user interface.  Students can drill down and peer underneath the user interface
and interact with graphical animations of the data structures and algorithms used to implement
RCOS.java's simulated operating system and hardware.  The inclusion of screen shots of the
RCOS.java interface is not possible due to space limitations.  RCOS.java benefits from the
portability and ease of distribution provided by Java and the World-Wide Web to ease
development and support costs.

RCOS.java is a Java application consisting of 250 classes and over 100,000 lines of source
code broken up into five major categories; hardware, operating system, animations, message
passing and the compiler.  RCOS.java relies on a message based architecture to allow the easy
replacement of individual components.  This means that more complex hardware, different
operating system components and animators can be added with a minimum of effort.

RCOS.java's simulated hardware includes a CPU, disk drives, RAM and terminals.  The
RCOS.java CPU executes a machine language called p-code.  RCOS.java comes with a
compiler that allows students to compile simple programs using a C/C++ syntax that can then
be executed by RCOS.java.  The RCOS.java operating system is a message passing operating
system.  The micro-kernel handles interrupts, context switching and generates messages to other
operating system components to perform traditional services such as memory management,
inter-process communication, process and disk scheduling. The animators are responsible for
providing a graphical representation of the simulated hardware and operating system.

RCOS.java supports four main methods for active manipulation and experimentation by students.
Students are able to write and compile their own RCOS.java programs to examine specific
scenarios or test certain operating system concepts.  A number of RCOS.java's animators
provide interfaces that allow students to manipulate the operation of the underlying operating
system or hardware component.  A multi-media “recorder” allows students (and teachers) to
create stand-alone RCOS.java sessions for future playback.  This allows the creation of
animations/demonstrations designed to demonstrate important concepts.  Finally, the code that



implements the RCOS.java operating system can be modified to implement different algorithms
and data structures.

Current Status and Future Work

RCOS.java has been under development since 1996.  We have found the process of developing
a computer-aided learning package to be a complex and time consuming process fraught with
difficulties.  The 5+ year development cycle has itself created a number of problems including
project students graduating, changing teaching responsibilities, and changes in the Java platform.

If the potential advantages of RCOS.java are to be realised integration into the curriculum is
necessary.  RCOS.java is currently a usable tool and yet there is still a significant development
effort required to develop the appropriate learning activities and associated support material to
enable its use in a course.  Current work on RCOS.java is concentrating on this process.

RCOS.java has been released under an open source license and the system itself and the
associated resources are available on the web from http: //rcosjava.sourceforge.net/.  Any interest
in the use or development of RCOS.java is more than welcome.

Conclusions
This paper has used a constructivist perspective as a framework for examining, comparing and
reviewing teaching and learning practice in operating systems education.  That review has
shown some of the advantages and drawbacks of previous approaches and was used in the
design of RCOS.java.  RCOS.java is a simulated operating system that aims to enable the use
of constructivist based learning activities in operating systems education.
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