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Objectives: Faculty new to teaching operating systems or those looking to refresh their course need to
understand the state of the art in operating system education. Toward this goal, we conducted a survey of
operating system instructors to understand how they approach teaching the course and what textbook and
software platforms they use in their classrooms. We also conducted a literature review examining two decades
of papers focused on teaching operating systems to undergraduates.

Survey: We surveyed people who teach operating systems at the undergraduate level to determine which
textbook they use, on which software they base projects, and how they approach teaching the course.

Literature Review:We searched the ACMDigital Library for publications focused on undergraduate education
about operating systems.We selected a total of 51 papers. For each selected paper, we identified which approach
(i.e., concrete vs. abstract) and perspective (i.e., internal or external) on teaching operating systems the authors
used, which Curriculum 2023 topics they covered, and on what type of system (e.g., educational, production,
research) their projects were based. We also looked at the evaluation of the methods and the impact these
papers have had on the field.

Findings: Instructors teaching operating systems tend to balance both their approach and their perspective,
with a slight leaning toward an internal perspective, whereas authors supporting operating system education
overwhelmingly support an internal, concrete approach to the course. In addition, authors also tend to focus
on a few key topics, including System Calls and Processes, Concurrency, Scheduling, Virtual Memory, File
Systems API and Implementation, and Performance Evaluation.

Conclusions: This work will help faculty teaching operating systems to consider which approach and
perspective they wish to take in their course and to find the resources most relevant to their preferred
approach and perspective. It can also help focus future research in the area of operating system education, to
align it better with current practices.
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1 Introduction
The OS is the system software that manages the computer’s hardware and software resources
to provide common services for users and their application-level programs. The OS allows the
computer to be shared by many processes and potentially many users. It protects each process
from other processes and each user from other users. The code that implements the OS is almost
always written in a combination of C and assembly language. OSs represent a challenging body of
code to understand, implement, enhance, and debug; they present, therefore, a valuable learning
opportunity for computer science (CS) students.

This article reports on an investigation looking at questions of how instructors approach teaching
OSs at the undergraduate level and what perspective they take. It also seeks to understand ways in
which the research literature on OS education supports these approaches and perspectives. Our
motivation for asking these questions is to support faculty teaching OSs, particularly new faculty
asked to teach the course or faculty tasked with refreshing the course. This article also provides
valuable information for those conducting research in the area of OS education.

Our investigation focuses on the following research questions (RQs):

(RQ1) How do instructors approach teaching OS?
(RQ2) What textbook(s) do instructors use in OS?
(RQ3) On what systems do instructors base OS projects/assignments?
(RQ4) What OS instructional approaches does the CS research literature describe?
(RQ5) What are the key topics covered in this research literature?
(RQ6) What types of software platforms are covered in this research literature?
(RQ7) How do authors evaluate their work?
(RQ8) What impact have these papers had?
(RQ9) Who is innovating in the domain of OS instruction?

To answer these questions, we surveyed instructors of OSs and also conducted a literature review
of papers that discuss research on OS education. Throughout the remainder of this article, the term
instructor refers to an educator who responded to the survey. Likewise, the term author refers to
an author of a paper included in the literature review.

Overall, instructors tend to take a relatively balanced approach to teaching OSs in both approach
and perspective. They tend to have students focus on the internals of an OS and they use a
balance between concrete and abstract approaches, as defined in Section 2. When building upon an
existing OS code base for projects, instructors predominantly use a production OS, but many use
an educational OS and some use a research OS. In contrast, authors tend to focus on an internal
perspective and a concrete approach. Furthermore, authors tend to focus on a few key topics:
System Calls and Processes, Concurrency, Scheduling, Virtual Memory, File Systems API and
Implementation, and Performance Evaluation. Authors frequently report on system supports that
allow students to extend educational or production OSs, but some have the students build the OS
from scratch.

Authors publishing papers about teaching OSs tend to provide limited evaluation of their teaching
methods, most commonly subjective perceptions of their students’ or of their own experiences.
The papers tend to be downloaded relatively frequently but tend not to be well cited. In addition,
many links to artifacts are no longer valid, though a few (e.g., 63, 86) have stood the test of time.

The rest of this article is organized as follows: Section 2 looks at methods for conducting a
literature review, examines some existing literature reviews, and summarizes the ways prior
work has described the different approaches and perspectives instructors take when teaching OSs.
Section 3 discusses both the survey we used to collect information from current instructors and the
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method we used to conduct this narrative literature review. Section 4 addresses each RQ using the
data we collected from both the survey and the literature review. In Section 5, we make high-level
observations about the study and present recommendations to both faculty teaching OSs and
researchers studying OS education. Section 6 discusses the limitations of the current study and
opportunities for future work. Finally, Section 7 summarizes the key findings.

2 Related Work
We examine different types of related work. The first type consists of different methods for conduct-
ing a literature review. The second looks at examples of each type of literature review in a number
of different topic areas. The final type looks at different ways to approach teaching an OS course.

Many different methods exist for conducting a literature review. Narrative reviews provide an
overview of the literature but do not necessarily strive for exhaustive coverage. They typically look
at how different researchers have approached a topic over time [90]. A systematic literature review
identifies, evaluates, and interprets all available research associated with a particular RQ [47]. In a
systematic mapping study, the researcher seeks to understand the frequency of publication over time
or the places where such research has appeared [62]. These latter approaches aim to be exhaustive.
All three of these approaches set search standards, specify inclusion and exclusion criteria, and take
a systematic approach to the literature review. For this work, we draw predominantly upon the
first approach, performing a narrative review of the educational literature focused on teaching OSs.

Many educators have reviewed the state of computing literature to understand the state of the
art of teaching various courses, and they have used different methods to perform their literature
reviews. Sharmin examined the computing education literature looking at the use of creativity in
introductory CS courses [79] using a narrative review. Prvan and Ožegović [67] did a systematic
literature review inspired by Medeiros [56] and content-analysis guided by Mayring [55] to study
approaches to teaching computer networking to undergraduates. Švábenský et al. conducted a
systematic literature review of the Special Interest Group on Computer Science Education’s
(SIGCSE) Technical Symposium (TS) and Innovation and Technology in Computer Science
Education (ITiCSE) conferences to understand the state of the art in cybersecurity education
[85], leveraging the methods from both systematic literature reviews [47] and systematic mapping
studies [62]. Our work draws inspiration from these papers, especially the coding schemes described
by Švábenský et al. [85].

The OS community has looked at different ways to teach OSs. OSs can be taught from either an
internal or external perspective [14, 27]. An internal perspective focuses on the internals of the OS;
students take on the persona of someone developing an OS. An external perspective focuses on the
functionality provided by an OS; students take on the role of someone using, or developing programs
that use, that functionality. We use these terms throughout this investigation to characterize the
perspective used by an instructor or supported by a particular paper.

Similarly, Hovemeyer characterized the approaches to teaching OSs as either concrete or abstract
[42]. A concrete approach is one that focuses on the design and implementation of a realistic OS
kernel. An abstract approach focuses on algorithms and techniques in isolation or in a simulated
environment. We use these terms throughout this investigation to characterize the approach used
by an instructor or supported by a particular paper.

In the area of OS education, the work most related to ours, and the only survey of OS education
that we found, is that conducted by Anderson and Nguyen in 2005 [2]. They reviewed educational
OSs for use in teaching from a concrete, internal perspective. They also reported on a survey of
which educational OSs were in use at campuses in the United States (US) by visiting the Web
sites of the top 100, US CS schools, determining who taught OSs, and sending the survey to that
individual. They examined a number of educational OSs (e.g., [20, 41, 42]), including the language
the educational OS uses, the amount of functionality the educational OS provides to students, and
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the development environment. Like their work, our work involves both a survey and a literature
review. Their survey focused on the top 100 US-based CS schools, whereas our survey polled
institutions from across the CS education and OSs research communities via worldwide distribution
lists. In addition, our work considers other approaches to teaching OSs beyond a concrete, internal
perspective whereas their work examines specific instructional OSs in more detail.

3 Methods
TheRQs require different methods to address. We use both a survey of OS instructors and a literature
review of OS education papers. In this section, we summarize the survey we used to address the
first three RQs (RQ1–3). We then summarize how we conducted the literature review to address the
remaining questions (RQ4–9). Finally, we identify which data is used in answering each of the RQs.

3.1 Survey
To gather information about how OSs is taught at post-secondary institutions, we prepared a survey
that asked instructors questions about how they teach OSs to undergraduate students. (This work
has all necessary institutional approvals, including that of our Institutional Review Board.) The
topics included the following:

(1) the textbook(s) used
(2) the platform(s) used
(3) the perspective (internal or external)
(4) the approach (concrete or abstract)

The first two topics were addressed in the survey by questions that included selection lists. In-
structors could select one or more of the textbooks (or platforms) in the list, but also had the
option to fill in a textbook (or platform) that was not included in our list and the option to indicate
that they do not use a textbook (or platform). The textbooks listed were those by Anderson and
Dahlin [3], Arpaci-Dusseau and Arpaci-Dusseau [6], Bach [9], Silberschatz et al. [82], Stallings [84],
Tanenbaum and Bos [87], and Tanenbaum and Woodhull [88]. The platforms listed were BabyOS
[51], Embedded Xinu [15], FOSL [21], GeekOS [42], iPodLinux [50], Kaya [35], Linux, MiniOS [61],
Minux [86], Nachos [20], OS/161 [41], OSTEP Projects [5], PennOS [8], Pintos [63], TOS [57], and
xv6 [23]. Many instructors specified textbooks and/or platforms not included in our list.

We also collected data about the instructors and their institutions, including:

(1) whether they had taught OSs within the past 2 academic years
(2) the type of institution at which they taught, including whether it is a public or private

institution and whether it is a college or university
(3) the level of undergraduates taking the course (e.g., juniors, seniors)

The exact questions used in the survey can be seen in Appendix A. The survey was created by the
author and test driven by colleagues prior to distribution, in addition to the required institutional
reviews.

Because we wanted data from recent offerings of OSs, we limited our data to information from
the past 2 years. If an instructor indicated that they had not taught OSs within the past 2 years and
had given permission to be contacted for clarifications, we reached out to confirm that the data they
provided were accurate for an offering within the past 2 years or to request that they forward the
survey to the instructor who taught within that time frame. One instructor explained that, although
they had not taught the course in the past 2 years, they would be teaching the course in the Fall
of 2023 and the data were accurate for this upcoming offering; we included that response. If we
were unable to get that confirmation or if the instructor did not give permission to be contacted,
we removed their data from the study.
ACM Transactions on Computing Education, Vol. 24, No. 4, Article 46. Publication date: October 2024.
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Table 1. Summary of Search and Selection of Articles

Reason Eliminated

Search Candidates Short Type Abstract Reading Selected

SIGCSE with CCS 231 17 10 174 5 25
SIGOPS Review 9 1 0 2 1 5
SIGCSE without CCS 91 9 1 67 2 12
SIGOPS Educational 18 0 0 15 0 3
Previously Identified 8 0 0 0 1 7
Historical Context 3 0 0 0 0 3
Remove Duplicates -4

Total 51

A few instructors reported that they teach at institutes of technology. We categorized these as
either colleges or universities, depending on whether the institution offers a post-graduate degree
or not.

A few instructors reported a mixed classroom. For example, one instructor reported having a mix
of juniors and seniors and another reported having a mix of sophomores and juniors. In each case,
we classified the course with the lower of the options (i.e., juniors and sophomores, respectively).
Another instructor reported having second- and third-year students, which we classified as sopho-
mores and juniors. In addition, one instructor reported teaching the course to graduate students;
this response was removed from the dataset because our focus is on undergraduate education.

In one case, we received more than one response from the same institution with conflicting
information. Because these faculty permitted us to reach out to them for clarification, we learned
that multiple instructors teach OSs at that institution and academic freedom permits them to take
different approaches. We included both responses in the dataset used in this article.

3.2 Literature Review
We identified papers for this review by searching the Association of Computing Machinery
(ACM) Digital Library’s Guide to Computing Literature collection, which contains well over three
million records. Our initial search and selection took place between 10 and 12 July 2022. We updated
our search and selection on 6 June 2023. We used the following parameters:

—Terms:(“operating system”)
—Dates: January 2000–July 2022 and August 2022–June 2023
—Published: ACM SIGCSE Bulletin OR ACM Transactions on Computer Education
—ACM Computing Classification System (CCS 2012): Education OR Information science
education OR Computing education programs OR Information technology education OR
Computer engineering education OR Computer science education OR Adult education OR
Information systems education

The ACM SIGCSE Bulletin filter captures papers that appeared in either the SIGCSE TS or
the ITiCSE conferences (and represented in Table 1 as “SIGCSE”) both A-ranked conferences by
Resurchify.1 This search identified 231 papers.

Next, we expanded this search to also include anything published in ACM Special Interest Group
in Operating Systems (SIGOPS) Operating Systems Review during the same time frame with the
1https://www.resurchify.com/
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same set of CCS 2012 topics. We reasoned that some OS researchers focus more on the OS research
community than on the CS education research community. This search identified a total of nine
additional papers.

We then eliminated any papers that were either one or two pages long. These short papers
typically represent panels, posters, or demonstrations and do not contain sufficient detail to answer
our RQs. We removed 17 from the SIGCSE search and 1 from the SIGOPS search. We then eliminated
10 ITiCSE working group reports and guest editorials, none of which were focused on OSs. We then
read the titles and abstracts to determine each paper’s relevance to teaching OSs to undergraduate
CS majors. We eliminated 174 papers from the SIGCSE search and 2 from the SIGOPS search because
their focus was not relevant to this review, as shown under the heading “Abstract” in Table 1.

Surprisingly, we discovered that many papers with which we were familiar were not contained in
the resulting list and realized that the CCS 2012 parameter was the likely culprit. Indeed, repeating
our initial search without the CCS 2012 parameter identified another 91 candidate papers, of which
14 passed our selection criteria. We could not take the same approach on the ACM SIGOPS Operating
Systems Review search because every paper would have likely been identified. Instead, we added
another search in ACM SIGOPS Operating Systems Review to look for the term “educational” over
the same periods of time. This additional search (“SIGOPS Educational” in Table 1) identified 18
new papers, 3 of which passed our selection criteria, all of which had been identified in a prior
search. Even after performing these additional searches, we still had eight papers, with which we
were familiar from earlier, less systematic searches of the literature, that did not appear in any of
the searches but were published in SIGCSE after 2000 and have the term “operating systems” in
both the title and body of the paper. We manually added these papers to our list. We also added
three well-known papers for historical reasons, even though they do not meet the search criteria.

At this point, we read each paper confirming its relevance to our search. We eliminated nine
additional papers, eight because they were not reporting on a course focused on OSs and one
because it was focused on a master’s-level course on OSs. These are shown under the “Reading”
heading in Table 1.

At the conclusion of our search and filtering, we identified a total of 51 papers for review. Table 1
summarizes the number of candidate papers identified, the number of papers eliminated for each
reason, and the number of papers selected in each step during the search.

3.3 Data Extraction
For each RQ, we identified the data required to answer it as follows:

(RQ1) How do instructors approach teaching OS? To answer this question, we rely on the survey of
faculty members who teach OSs. These faculty members were drawn from members of the
SIGSCE-Members and SIGOPS-review mailing lists. Only the data from those instructors
who reported having taught OS to undergraduates in the past 2 years (or the upcoming
semester) were included in our analysis.

(RQ2) What textbook(s) do instructors use in OS? To answer this question, we again rely on the
responses from faculty who teach OSs.

(RQ3) On what systems do instructors base OS projects/assignments? To answer this question, we
again rely on the responses from faculty who teach OSs.

(RQ4) What OS instructional approaches does the CS research literature describe? To answer this
question, we turn to our literature review. For each paper, we classified each approach as
concrete vs. abstract using a 5-point Likert scale from fully concrete to fully abstract. We
classified the perspective the paper takes as internal vs. external on a similar scale from
entirely internal to entirely external.
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(RQ5) What are the key topics covered in this research literature? To address this question, we again
used our literature review. In this case, we identified topics to extract from the selected
papers using the Knowledge Units of the Curriculum 2023 Guidelines for Operating Sys-
tems [48]. The topics identified were System calls and Processes (part of the Principles of
Operating Systems Knowledge and Process Model Units), Concurrency, Scheduling, Memory
Management, Virtual Memory (part of the Virtualization Knowledge Unit), Protection and
Safety, Device Management, File Systems API and Implementation, Real Time and Embedded
Systems, Fault Tolerance, and Performance Evaluation (part of the Foundations of Systems
Knowledge Area).

(RQ6) What types of software platforms are covered in this research literature? For each paper, we
classified the systems on which the projects were based as educational, production, from
scratch, or simulations.

(RQ7) How do authors evaluate their work? To address this question, we classified the type of
evaluation, the data collected, and the analysis methods (AMs) employed using a coding
scheme based on that of Švábenský et al. [85].

(RQ8) What impact have these papers had? For each paper, we noted any artifacts made available
to other instructors and also recorded the number of citations and downloads of the paper
as reported by the ACM Digital Library.

(RQ9) Who is innovating in the domain of OS instruction? For each paper, we recorded each author
and each institution. For example, a paper co-authored by two people will count as one
paper for each of those authors (similarly, for institutions).

4 Results
In this section, we present the results of our study. We begin with a quick overview of the survey
responses and then provide a quick note about the literature review. For the remainder of this
section, we discuss each of the RQs identified in Section 1.

Survey. A total of 66 instructors completed the survey and met the criteria for inclusion in this
study. We found that 28 instructors (42.4%) teach at private institutions and 38 instructors (57.6%)
teach at public institutions. We also found that 53 (80.3%) teach at universities and 13 (19.7%) teach
at 4-year colleges. The majority of students take OSs as juniors (50%) or seniors (28.8%), but some
take it as sophomores (19.7%). Two instructors reported a mixed classroom: one with juniors and
seniors (mixed equally) and one with sophomores and juniors. In each case, we categorized the data
with the lower of the two populations (i.e., juniors and sophomores, respectively) for the purpose
of our analysis.

Literature Review. Our literature review identified 51 papers. In the process of analyzing these
papers, we found that one paper focused entirely on the order of topics covered in an OSs class and
did not address our RQs. As such, it has been omitted from the classifications in the remainder of
this article. Readers interested in understanding how one author serialized the many interrelated
topics typical in an OS course are referred to Bovet’s paper [13]. Thus, for the remainder of this
article, we consider 50 papers.

4.1 RQ1: How Do Instructors Approach Teaching OS?
In our survey of OSs instructors, we asked whether instructors approached their course from an
internal perspective (with a focus on the implementation of the OS) or from an external perspective
(with a focus on using the services an OS provides). We found that instructors lean slightly toward
an internal approach, with 40% taking either an entirely internal or mostly internal perspective.
The remaining instructors split relatively evenly between an external perspective and a balanced

ACM Transactions on Computing Education, Vol. 24, No. 4, Article 46. Publication date: October 2024.



46:8 M. R. Ebling

Fig. 1. Teaching from an internal vs. external perspective (n = 66).

Fig. 2. Teaching from an abstract vs. concrete approach (n = 66).

perspective. Few instructors take either an entirely internal or an entirely external approach. Details
are shown in Figure 1.

We also asked whether instructors teach their course using a concrete approach that focuses
on the design and implementation of a realistic OS, or using an abstract approach that focuses on
algorithms and techniques in isolation or in a simulated environment. We found that almost 40%
of instructors take a balanced approach that is equally concrete and abstract. Of the remaining,
roughly half lean toward abstract and half lean toward concrete. Once again, few instructors take
either an entirely concrete or an entirely abstract approach. The results are shown in Figure 2.

ACM Transactions on Computing Education, Vol. 24, No. 4, Article 46. Publication date: October 2024.
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Table 2. Approaches to Teaching OSs in the Survey (n = 66)

Lean Equally Concrete Lean
Concrete and Abstract Abstract Total

Lean Internal 12 7 8 27
Equally Internal and External 4 9 5 18
Lean External 3 10 8 21

Total 19 26 21 66

Fig. 3. Summary of textbooks used (n = 88).

Next, we wanted to see how the different perspectives and approaches interact. For this analysis,
we collapsed the “mostly” and “entirely” categories into a “leans” category. For example, we
considered an instructor who takes an entirely concrete approach and another instructor who takes
a mostly concrete approach as both leaning toward a concrete approach. Table 2 shows a summary
of how instructors approach teaching OSs and which perspective they take. From this table, it is
apparent that instructors favor an internal perspective and a balance between a concrete and an
abstract approach.

4.2 RQ2: What Textbook(s) Do Instructors Use in OS?
The survey asked instructors about the textbook(s) they use. Figure 3 shows the textbooks that
instructors reported using and the number of instructors who use each. Note that the survey
allowed instructors to specify textbooks that we omitted from the list provided in the question via a
write-in response. The total number of textbooks reported exceeds the total number of instructors
because some instructors use multiple textbooks. When an instructor reported using two textbooks,
we marked both as being used. For example, one instructor reported using Operating Systems: Three
Easy Pieces [6] and supplementing it with Computer Systems: A Programmers Perspective [14]. For
the purposes of this analysis, each book was marked as being used once from this single response.
The most frequently used textbook is Operating Systems: Three Easy Pieces by Arpaci-Dusseau
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Fig. 4. Summary of platforms used (n = 85).

and Arpaci-Dusseau. Operating System Concepts [82] by Silberschatz et al. and Modern Operating
Systems [87] by Tanenbaum and Bos are the next most common. Details are shown in Figure 3.

4.3 RQ3: On What Systems Do Instructors Base OS Projects/Assignments?
The survey also asked instructors about what software platforms they use to teach OSs. Figure 4
shows the details of what platforms were identified. Note that the survey allowed instructors to
specify platforms that we omitted from the list provided in the question via a write-in response.
Once again, the total number of platforms reported exceeds the total number of instructors because
some instructors use multiple platforms. We then categorized the responses to examine, at a high
level, the types of platform in use. For this purpose, Linux, Windows, and FUSE were categorized
as production. Similarly, barrelfish [92], mCertiKOS [33], Nautilus [36, 37], and ROS [77] were
categorized as research. All other platforms were categorized as educational.

Next, we looked at whether there are differences in the type of platform chosen based upon
the institution’s category: private vs. public and college vs. university. Production OSs are more
commonly used than educational OSs across all categories. Table 3 shows these data.

Next, we examined how the basis for projects has changed over time by comparing with the
Anderson and Nguyen survey from 2005 [3]. In Table 4, we show all of the platforms included in
the Anderson and Nguyen survey as well as those used by more than one of our instructors. Recall
that the “Unix-oriented” and “Java-based without an OS” responses from Anderson and Nguyen
involved using the Unix APIs and using the Java language to explore OS concepts, without using an
instructional OS. As is clear from this table, instructors have made a notable shift to Linux and xv6.

4.4 RQ4: What OS Instructional Approaches Does the CS Research Literature Describe?
We now look to the CS literature supporting OS education and which approaches to OS education
the literature supports. For each of the selected papers, we evaluated whether the paper takes a
concrete or abstract approach and whether it takes an internal or external perspective. In some
cases, the approach and/or perspective included aspects of both concrete and abstract or both
internal and external; in this case, we marked these as a mixed approach or perspective. Table 5
identifies the approach and perspective taken by each paper. One paper, a tool paper [25], advocates
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Table 3. Project Basis by Institution (n = 66)

Institution Types

Basis # Private Public College University

Educational OS 11 5 6 1 10
Production OS 29 12 17 7 22
Both Production and Educational 13 5 8 3 10
Research OS 3 2 1 0 3
Both Production and Research 1 0 1 0 1
Custom OS 3 0 3 0 3
Simulations 1 0 1 0 1
No Platform 5 4 1 2 3

Total 66 28 38 13 53

Table 4. Historical Comparison

Project Basis 2005 Usage 2023 Usage

GeekOS 3% 0%
Java-based without an OS 8% 0%
JOS 3% 0%
Linux 14% 62%
Minix 7% 0%
Nachos 17% 0%
OS/161 5% 0%
Pintos N/A 6%
Unix-oriented 27% 0%
Xinu 4% 0%
xv6 N/A 17%
Yalnix 3% 0%

a tool that supports providing instructor comments in code. Because this tool could be used from
either an internal or external perspective and with either a concrete or abstract approach, we did
not include it in Table 5; therefore, n = 49 for this table.

As is evident in Table 5, most of the selected papers discuss teaching OSs to undergraduate
students using a concrete approach from an internal perspective. This combination is more than
three times as frequent as any other option.

4.5 RQ5: What Are the Key Topics Covered in This Research Literature?
For each assignment discussed in a paper, we identified the Curriculum 2023 [48] topic with
which it was most closely associated. Curriculum 2023 further breaks down topics as CS Core
and Knowledge Area (KA) Core. CS Core topics are those that every CS graduate should know.
A program may, however, choose to cover some KA Core topics in more depth at the expense of
other KA Core topics. The analysis presented here does not delve into the categorization of topics
to the level of CS Core and KA Core.

ACM Transactions on Computing Education, Vol. 24, No. 4, Article 46. Publication date: October 2024.
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Table 5. Approaches to Teaching Operating Systems in the Literature (n = 49)

Concrete Mixed Abstract
(n = 33) (n = 1) (n = 15)

Internal (n = 35) [1, 4, 7, 11, 15, 20, 21,
23, 28, 29, 31, 32, 35, 39,
41–43, 49–51, 58, 60, 61,
63, 86, 91]

[65] [40, 53, 59, 70, 73–76]

Mixed (n = 6) [8, 57, 64, 78] [16, 71]
External (n = 8) [17, 26, 80] [38, 44, 68, 69, 72]

A few points are worth noting:

—The System Calls and Processes topic covers aspects of both the Principles of Operating Systems
and the Process Model Knowledge Units within the Operating Systems Knowledge Area.These
two topics are, however, frequently used together as an introductory topic in OSs courses so
they are combined in this article for convenience.

—The Virtual Memory topic is formally part of the Virtualization Knowledge Unit within the
Operating Systems Knowledge Area. It is called out here only as Virtual Memory due to the
specificity of the topic within the literature.

—The Performance Evaluation topic is formally part of the Fundamentals of Systems Knowledge
Area, but is a skill frequently taught as part of a classic OS course so is included here for
convenience.

A summary of the topic areas can be seen in Table 6. For each topic, we show the total number
of papers that included this topic as well as the citations to the specific papers. One paper included
in Table 5 does not describe any projects; therefore, with the omission of the previously mentioned
tool paper and this additional paper, n = 48 in Table 6.

We observed six topics that are widely covered, sometimes in similar ways and sometimes in
quite different ways. These were System Calls and Processes, Concurrency, Scheduling, File System
API and Implementation, Virtual Memory, and Performance Evaluation. Memory Management and
Device Management are also fairly common topics in the educational literature. The remaining
topics, Protection and Safety, Real Time and Embedded Systems, and Fault Tolerance, are uncommon.

Next, we wanted to understand which systems discussed in the research literature have projects
related to topics from Curriculum 2023 [48]. In Table 7, you can see which papers have projects
related to which topics. We use the following notation:

Ø - Means the topic is covered
† - Means the topic is discussed, but details are omitted
o - Means the assignment was optional

The Knowledge Units on advance file systems, fault tolerance, and society, ethics, and the
profession are not well covered in the literature and are omitted from the table to improve readability.

4.6 RQ6: What Types of Software Platforms Are Covered in This Research Literature?
A total of 43 papers describe assignments or projects to help students learn about OSs. For these
papers, we recorded the platform on which the projects (or assignments) are based using the
following coding scheme, where “PB” stands for “Project Basis”:
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Table 6. Topics Summary (n = 48)

Topic # Papers

System Calls and Processes 26 [4, 8, 11, 15, 20, 21, 23, 29, 31, 35, 39–43, 49,
50, 53, 58, 61, 63, 65, 75, 78, 86, 91]

Concurrency 32 [4, 7, 15–17 , 20, 21, 23, 29, 31, 32, 35, 38, 39,
41–43, 49, 51, 57, 58, 61, 65, 68–72, 75, 76, 80,
91]

Scheduling 28 [4, 7, 8, 15, 21, 23, 28, 29, 31, 32, 35, 39, 41–43,
49, 51, 53, 58, 60, 61, 63, 65, 73, 76, 80, 86, 91]

Memory Management 12 [15, 20, 23, 31, 39, 51, 60, 61, 64, 65, 86, 91]
Virtual Memory 17 [4, 11, 20, 23, 29, 35, 41–43, 49, 53, 58, 59, 63,

74, 76, 78]
Protection and Safety 3 [26, 44, 65]
Device Management 14 [15, 21, 23, 26, 28, 29, 35, 39, 57, 61, 65, 73, 86,

91]
File Systems API and Implementation 25 [4, 7, 8, 11, 15, 20, 23, 28, 29, 35, 39, 41–43, 49,

50, 57, 58, 60, 61, 63, 65, 76, 80, 86]
Real Time and Embedded Systems 3 [15, 61, 65]
Fault Tolerance 1 [65]
Performance Evaluation 17 [20, 21, 28, 39, 41, 42, 51, 60, 61, 65, 70, 71, 73,

76, 78, 80, 91]

(PB1) Educational OSs are OSs written to support the educational needs of an undergraduate OSs
course (e.g., Pintos, xv6).

(PB2) Production OSs are OSs used in production (e.g., Linux, Windows).
(PB3) From Scratch are typically implemented entirely by the student during the semester.
(PB4) Simulations are used to simulate different aspects of an OS, such as a scheduler or address

translation.
(PB5) Topic-Specific Tools provide support for teaching a specific OS concept.
(PB6) Service Learning takes students into the field to provide OS support to a non-profit entity.

Finally, we examined whether the basis for projects has shifted over time. For each paper,
we identified its year of publication and the high-level basis for its projects (e.g., educational,
production). These results are shown in Table 8. We found that the majority of papers propose
using educational (12) or production (8) OSs and that many have students build from scratch (5),
with what appears to be a trend toward production systems, and away from educational OSs, in
the last decade. Many papers reported using simulations (8) or tools (8) to focus on specific topics.
One paper uses service learning. The remaining seven papers were not readily categorized, for
example because they presented a tool rather than an assignment or project. Thus, n = 43 for
this analysis.

4.7 RQ7: How Do Authors Evaluate Their Work?
We looked at the evaluation goals (EG) using a coding scheme (based upon [85]) where:

(EG1) No evaluation
(EG2) Subjective perception of students or instructors
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Table 7. Topics Covered

Curriculum 2023 Topics

SysCalls&
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Concurrency

Scheduling

M
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ory
M
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ent
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irtualM
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Protection
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Safety

D
evice

M
anagem

ent

File
System

sA
PI&
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pl.

RealTim
e
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Em
b.Sys

Perform
ance

Evaluation

Production

Android 2012 [4] Ø Ø Ø Ø Ø
FOSL 2001 [21] Ø Ø Ø Ø Ø
User-Mode 2004 [26] Ø Ø
Linux 2010 [39] Ø † Ø Ø Ø † Ø
Linux 2011 [49] Ø Ø Ø Ø Ø
iPodLinux 2008 [50] Ø †
Linux 2005 [58] Ø Ø Ø Ø Ø
Windows 2010 [78] Ø Ø Ø

Educational

PortOS 2002 [7] Ø Ø Ø
Emb. Xinu 2008 [15] Ø Ø Ø Ø Ø Ø Ø
Nachos 1993 [20] Ø Ø Ø Ø Ø Ø
xv6 2021 [23] Ø Ø Ø Ø Ø Ø Ø
OS/161 2002 [41] Ø Ø Ø Ø Ø Ø
GeekOS 2004 [42] Ø Ø Ø Ø Ø Ø
Minix Rev. 2002 [43] Ø Ø Ø Ø Ø
BabyOS 2007 [51] Ø Ø Ø Ø
TOS 2001 [57] Ø Ø Ø
Pintos 2009 [63] Ø Ø Ø Ø Ø
Minix 1987 [86] Ø Ø Ø Ø Ø
Xipx 2013 [91] Ø Ø Ø Ø Ø Ø

Scratch

Scratch 2009 [11] Ø o Ø
HW Sim OS 2000 [29] Ø Ø Ø Ø Ø Ø
Bottom Up 2001 [31] Ø Ø Ø Ø
Kaya 2005 [35] Ø Ø Ø Ø Ø Ø
MiniOS 2015 [61] Ø o Ø o o Ø Ø o

Sim
ulation

PennOS 2012 [8] Ø Ø Ø Ø
Disk Sim 2006 [28] Ø Ø Ø Ø
Sosim 2005 [53] Ø Ø Ø
Bound Buf 2000 [70] Ø Ø
Monitors 2001 [71] Ø Ø
Disk Sch 2004 [73] Ø Ø Ø
Addr Xlation 2005 [74] Ø
Concur. I/O 2006 [75] Ø Ø
Many 2008 [76] Ø Ø Ø Ø Ø
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Table 8. Project Basis (n = 43)

Papers by Year of Publication

Basis # pre-2010 2010 or Later
(n = 35) (n = 8)

Educational OS 12 [7, 15, 20, 41–43, 51, 57, 63, 86] [23, 91]
Production OS 8 [21, 26, 50, 58] [4, 39, 49, 78]
From Scratch 5 [11, 29, 31, 35] [61]
Simulation 9 [28, 53, 70, 71, 73–76] [8]
Topic-Specific Tool 8 [16, 17, 32, 38, 40, 68, 69, 72]
Service Learning 1 [44]

(EG3) Objective learning of students, based upon graded events
(EG4) Artifacts produced by students, such as assignments

We found that half of the papers (24) simply reported the subjective perceptions of the students
and/or the instructors and nearly half (19) reported no evaluation results whatsoever. The remaining
papers were a mix between looking at objective learning measures (4) and examining student-
generated artifacts (3).

We also examined at the types of data (DT) collected, again using a coding scheme (based upon
[85]) where:

(DT1) No data were collected
(DT2) Questionnaire data about students’ subjective perceptions (from EG2)
(DT3) Graded-event data that use student grades to evaluate learning
(DT4) Student artifacts, such as assignments or exams
(DT5) Interviews that examine participants’ subjective perceptions
(DT6) Anecdotal only, such as from course feedback forms

More than a third (20) of the papers had no data (DT1) and another 14 had only anecdotal data
(DT6). Eight papers used a questionnaire (DT2) while 4 assessed student learning from graded
events (DT3) and 3 evaluated student artifacts (DT4). One paper used interviews (DT5).

Finally, we examined the AM used, using the coding scheme (from [85]) where:

(AM1) No analysis performed
(AM2) Descriptive statistics, interpreting data, and reporting means/standard deviations
(AM3) Inferential statistics, formulating hypothesis and determining whether it was supported
(AM4) Qualitative analysis, expert reviews of student and instructor artifacts.

The majority of papers (36) used no AM (AM1). Of the remaining, all (14) used descriptive
statistics (AM2). None used inferential statistics (AM3) or qualitative analysis (AM4).

4.8 RQ8: What Impact Have These Papers Had?
Next, we examined the impact of these papers. We looked at three metrics. First, we looked at
the availability of artifacts for instructor reuse. Then we looked at the number of citations and
downloads as reported by the ACM Digital Library.

We began by examining how many papers reported the availability of artifacts that could be used
by other instructors and whether those papers remain available today. Admittedly, any artifacts that
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Fig. 5. Citation summary (n = 50).

Fig. 6. Download summary (n = 50).

are not available today may still be available through the Internet Archive2; however, if they are not
readily available today, they are likely not supported or actively used so we did not investigate their
availability in the archive. Of the 31 papers that reported artifacts available for other instructors
to use, only 12 of those remain available online today either through the URL provided in the
original paper or via a simple internet search, but most of these appear to be inactive and no longer
supported. Minux [86], Pintos [63], and xv6 [23] are notable exceptions.

We then recorded the number of citations reported by the ACM Digital Library on 6 July 2023.
The number of citations ranges from 1 to 90 with a mean of 15 and a standard deviation of 18. We
then categorized each paper by the number of citations into groups of 0–4, 5–9, 10–24, 25–49, and
50 or more citations, as shown in Figure 5. As is evident, many papers are not well cited.

Finally, we recorded the number of downloads reported by the ACMDigital Library on 6 July 2023.
The number of downloads ranges from 37 to 2,086 with a mean of 630 and a standard deviation of
423. We categorized each paper by the number of downloads into groups of 0–99, 100–199, 200–499,
500–999, or more than 1,000, as shown in Figure 6. Although there is a high deviation in these
numbers, all but four papers had at least 200 downloads. Considering the limited number of people
with interest in reading about teaching OSs, we conclude that these papers are reasonably well
disseminated.

2archive.org

ACM Transactions on Computing Education, Vol. 24, No. 4, Article 46. Publication date: October 2024.

http://archive.org


Resources for Teaching Operating Systems 46:17

4.9 RQ9: Who Is Innovating in the Domain of OS Instruction?
We analyzed the authors of the selected papers. There were a total of 88 unique authors across
the 50 selected papers. Of these, 78 had authored a single paper, 8 had authored two papers, and
2 had authored more than two papers. Nieh has a series of four papers presenting projects to
support teaching OSs from a concrete, internal perspective [4, 25, 49, 58]. Robbins has a series of
seven simulation papers that met our selection criteria [70, 76] that support teaching OSs using
an abstract approach. Brylow [15, 91], Carr [16, 17], Shene [16, 17], Davoli [26, 35], Donaldson
[31, 32], Polze [65, 78], Probert [65, 78], and Reek [68, 69] each authored two papers.We also analyzed
the institutions producing these papers, but the analysis was unsurprising with Columbia (Nieh’s
institution) and University of Texas San Antonio (Robbins’ institution) being the only institutions to
have more than two papers. In addition, Marquette University, Michigan Technological University,
Microsoft Corporation, Oberlin College, and Rochester Institute of Technology each had two papers.

5 Discussion
In this section, we reflect on the study as a whole and the key takeaways. We identify high-level
trends and include suggestions for areas our field needs to address. Finally, we make recommenda-
tions to both instructors and researchers.

5.1 Production OS Trend
When comparing our instructors’ responses to those from Anderson and Nguyen [3], we found
an apparent shift toward the use of Linux in undergraduate OSs. In 2005, the use of Linux is OS
classrooms stood at 14%, but climbed to 62% by 2023 (see Table 4). This trend is further supported
by our literature review. In the 2000s, many publications focused on describing educational OSs,
whereas in the 2010s, we saw fewer papers with a focus on educational OSs (see Table 8). At this
point, the majority of faculty reported using production OSs as the basis for course projects, though
educational OSs still remain in common use.

An advantage of using a production OS is that students immediately see the relevance. The
biggest disadvantage, though, is the size of production systems. According to Wikipedia, Linux
has more than 30 million lines of code, though only about 14% of this code is the core kernel.
An educational OS is a mere fraction of this, with Pintos coming in at approximately 16,000
lines of code and xv6 coming in at approximately 11,000. It is notable that many instructors use
both a production OS and an educational OS, likely starting with the smaller, more consumable
educational OS and transitioning to the production OS once students becomemore comfortable with
kernel code.

5.2 Artifact Lifetime
As noted earlier, many artifacts made available in one of the papers included in this literature
review were unavailable less than 20 years after their publication date. Yet many of the topics
taught in OSs have stood the test of time. Our department is undergoing some renovations, and
we found bound “course diaries” from the 80s and 90s that included all of the midterm and final
exams. Many of the exam questions were ones that could very reasonably be used in a modern
OSs course, almost 35 years later. In light of this experience, it is particularly disheartening that so
many artifacts described in the literature no more than 20 years ago have already been lost. This
observation motivates the need for a repository, such as the EngageCSEdu effort [24]. Of course,
even repositories like this will not address the problem of “bit rot.”
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5.3 Instructor Approaches Inconsistent with Literature
Recall the approaches and perspectives taken by instructors, as shown in Table 2. Most instructors
lean toward an internal perspective and an approach balanced between concrete and abstract. Yet,
as shown in Table 5, the research literature has predominantly focused on instructors using an
internal perspective and a concrete approach.

This mismatch may result from the different backgrounds of instructors. In our experience,
“systems people” frequently believe in building systems and will very likely adopt an internal
perspective with a concrete approach. We believe much of the literature originates from people
with a “systems background” building tools that support the way they teach OSs (i.e., from an
internal perspective and a concrete approach) and then publishing papers on those tools. In contrast,
instructors who do not have a “systems background” may not feel comfortable taking a concrete
approach, so they may lean more toward an abstract approach. Even instructors who themselves
have a “systems background” may have determined that their students may benefit from a more
abstract approach due to where/when the course falls within their curriculum or due to the
background of their student population. Regardless of the reason, this observation suggests that the
OS community and the OS education research community may want to increase efforts to support
instructors wanting to use an abstract approach.

5.4 Recommendations for Instructors
We consider how these results can be applied by instructors new to teaching an undergraduate
course in OSs or by instructors who are refreshing an existing course. In planning such a course,
a key decision is how to approach the topic: (1) whether to use an internal perspective (focusing
on the implementation of the OS itself) or an external one (focusing on using the services an OS
provides); (2) whether to use a concrete approach (focusing on the design and implementation of a
realistic OS) or an abstract approach (focusing on algorithms and techniques in isolation). A key
issue is which perspective and which approach will be most beneficial to the students enrolled in
the course.

Another key issue is which knowledge units from Curriculum 2023 [48] to cover and which
resources are most applicable to the envisioned course. Instructors need to keep in mind that most
resources support a concrete, internal approach and that resources to support an abstract approach
are much more limited (at least today). From the survey, we note that instructors tend to avoid the
extremes with fewer than 10% choosing to design their class to be either entirely internal/external
or entirely abstract/concrete. Once that decision has been made, recall that the Bovet paper [13]
focuses on the order of topics in an OS course. Although Bovet’s work substantially predates
Curriculum 2023 [48], its reasoning still applies. The information contained in Figure 4 and in
Tables 5, 6, and 7 will help identify available resources applicable to these choices. Finally, the top
three textbooks used by instructors, shown in Figure 3, are all excellent textbooks, though one
benefit of the Arpaci-Dusseau book is that it is a free, online text, reducing the financial burden on
students.

5.5 Recommendations for Researchers
We now consider how these results can be applied by CS education researchers focused on sup-
porting an undergraduate course in OSs. As discussed in Section 5.3 above, we found that the vast
majority of research reported in the area of OS education supports a concrete, internal approach
and yet instructors tend to lean more toward an abstract approach. Future researchers should
consider support for these educators to help fill this gap. We also found that the vast majority of
research reported in the area of CS education in support of an undergraduate course in OSs has had
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little formal evaluation. As is evident in Table 8, most of the research in this literature review was
reported prior to 2010. Evidentiary standards have changed substantially over the years. Future
research should include more rigorous evaluations.

Unsurprisingly, many of the artifacts reported in this literature review have been lost to the
ravages of time. This issue is, admittedly, not limited to the field of CS education. Ensuring artifacts
reported in published papers are available is something we need to improve. As new resources are
shared with the community, it is critical that steps are taken to ensure their continued availability,
even a decade or two after publication.

Finally, we sound a warning. Figures 5 and 6 provide insight about impact in OS education
research. These papers are not frequently cited, with very few papers achieving more than 50
citations. They are, however, frequently downloaded with most papers having more than 200
downloads. If you plan to do research in this area as part of a goal to achieve tenure, be aware
that metrics focused on citation counts for these publications will likely suffer. In addition, we
found that few people publish prolifically in this area. OS education research is not an area of
investigation in which researchers tend to specialize.

6 Limitations and Future Work
The first limitation of this study is its scope. The scope is limited to a few publication venues: the
ACM SIGSCE and ITiCSE conferences, the ACM Transactions on Computing Education journal, and
the ACM SIGOPS Operating Systems Review. Despite this limitation, SIGSCSE and ITiCSE are the
premiere conferences for reporting on educational research in CS and ACM SIGOPS Operating
Systems Review supports the special interest group focused on OSs research. Although we would not
expect the results to differ substantially if the search were to be expanded, one area for future work
would be to extend our literature review to additional publication venues, such as IEEE Frontiers in
Education and USENIX.

The second limitation is related to the ACM Digital Library (or our use of it). As mentioned in
Section 2, our digital library search did not identify eight papers that we would have expected it to
identify. The omission of these known papers raises concerns about other papers that might have
also been omitted and with which we were not previously familiar. Another area for future work is
to investigate further why known papers were not identified, despite numerous search attempts
and, once resolved, identify any additional papers that were missed.

The third limitation relates to the survey. The survey of OS instructors presented in this article
was done at a very high level and was limited to factual information gathering (e.g., which textbook,
which platform). An area for future work would be to do a more detailed survey of OSs instructors to
gather additional information. Such a survey could collect more information about the instructors’
background (such as demographic data, experience, and country), further information about their
assignments and projects, as well as their opinions and experiences. For example, such a survey
might strive to understand which of the Curriculum 2023 Operating Systems Knowledge Units
(or aspects thereof) instructors cover in assigned homework or projects and what students are
asked to do in those assignments. Such a survey could also allow us to better understand how
well the literature supports instructors’ preferred perspectives and approaches as well as to better
understand differences in OS education around the world. In addition, it could help us understand
how well Curriculum 2023’s competency-based curriculum aligns with the resources available in
the literature. Such a survey would be a non-trivial undertaking, requiring substantial investment
by both the researchers and the instructors who teach OSs.

Another limitation related to the survey is its reach. We advertised the survey to the mailing lists
for SIGCSE and SIGOPS. Our thinking was that SIGCSE would cover the broader CS education com-
munity and that SIGOPS would capture OS researchers who teach OSs but are not active within the
CS education community. From a reviewer’s comment, it is clear that this approach to data collection

ACM Transactions on Computing Education, Vol. 24, No. 4, Article 46. Publication date: October 2024.



46:20 M. R. Ebling

did not capture sufficient responses from facultywho teachOSs. Specifically, that reviewer points out
that four of the five faculty who teach OSs at their institution leverage Nachos for the projects, but
the survey responses found no one using Nachos. Going forward, this type of research could really
use a reliable means of gathering information from faculty who teach a particular course. This could
be a valuable service provided by a professional organization, such as SIGOPS or SIGCSE or even
the Accreditation Board for Engineering and Technology, but would require strict moderation to
limit the amount of traffic in order to maximize the size of the instructor community willing to
subscribe to the distribution list.

Finally, a few papers [61, 63] discussed presenting students with principles of systems program-
ming. An area of future work would be to build consensus about a set of principles appropriate for
undergraduate system students. It would be interesting to examine how such principles could be
incorporated more broadly into an undergraduate course in OSs and perhaps to other courses at
the undergraduate level as well.

7 Conclusions
This investigation successfully answered the questions originally posed. Instructors looking to
teach OSs for the first time or those wishing to refresh an existing OSs course can use this analysis
to understand how other instructors teach OSs. They can also use this analysis to find literature
relevant to the approach and perspective they wish to take. They can review the key topics as well
as identify the broad set of systems on which other instructors have based projects.

This article also provides a high-level view of the OS educational literature. We uncovered
an apparent mismatch between the ways instructors teach OSs and the resources available in
the research literature. This mismatch suggests a need for more research in the area of abstract
approaches to teaching OSs as well as those in the area of teaching OSs from an external perspective.
We also found that educational research in the area of OSs has limited evaluation, typically only
anecdotal in nature. Little research has been done to show the efficacy of OS educational tools,
systems, and techniques. The papers tend to have few citations, but a respectable number of
downloads given the relatively small audience likely to be interested in the results. Our conclusion
is that educators appear to be reading these papers, presumably to influence their teaching, but are
not actively researching the teaching of OSs, and therefore not citing the work. We also discovered
that many individuals and institutions have innovated in the space of OS education, but only two
authors (and their institutions) have been prolific.

This literature review also identified areas for future investigation. One such area of investigation
is expanding the coverage of the literature review, looking beyond SIGCSE and SIGOPS. Another is
a systematic examination of specific assignments/projects for each key topic in Curriculum 2023
[48], both in the literature and in practice among current instructors.

Tanenbaum argues that students of OSs learn best by doing [86]. This position has been widely
accepted by the educational community and is one shared by the author. Many of the projects
analyzed in this article support an OSs course taught “by doing.”We hope this article will support OS
educators as they design or refresh their courses. We also hope that the findings in this investigation
will help CS education researchers working to support undergraduate OS education as they choose
RQs, build tools, and evaluate them in the classroom.
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Appendix
A Survey Questions
Undergraduate OSs

The data from this form will be used as part of a research study examining how OS is taught at
the undergraduate level. The data you provide will be combined with data from numerous other
respondents around the world.

E-mail: <text entry field>

I understand that my data will be used as part of a research study.

I understand that the results of this study will be reported in an aggregate format with no identifying
information.

I understand that my identity and that of my institution are required for my data to be included in
the study, but that my identity and that of my institution will be removed from the study data after
duplications and conflicting answers have been removed.

— I agree to participate in this research study. → Go to next question
— I do not wish to participate in this research study. → Thank them and end the survey

I am willing to be contacted in the event that multiple people from my institution respond to
this survey and provide conflicting data. I understand that if I do not agree to be contacted, my
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institution’s data may be removed from the data in the event that multiple people submit conflicting
information.

— I am willing to be contacted in the event conflicting data are submitted from my institution.
— I do NOT wish to be contacted in the event conflicting data are submitted from my institution.

I would like to be acknowledged in any publications that use this data. The acknowledgment will
state: “The authors gratefully acknowledge the following individuals for responding to the survey
used to collect the data reported in this article. Their participation in the study does not imply their
endorsement of the study nor their agreement with the conclusions. Participants included: <list of
names>”

— Yes, please list my name in the acknowledgments.
— No, please do NOT list my name in the acknowledgments. → Skip next question

My name (for acknowledgement purposes) is: <text entry field>

Have you taught operating systems to undergraduates in past the 2 academic years?
— Yes
— No

The name of my institution is: <text entry field>

My institution:
— Public
— Private
— Other: <text entry field>

What type of institution is this?
— University
— College
— Community College
— Polytechnic
— Vocational/Trade School/Institute of Technology3

— CS Boot Camp
— Distance Learning (primarily)
— Other: <text entry field>

Students taking operating systems at my institution are primarily:

— Frosh
— Sophomores
— Juniors
— Seniors
— Graduate students
— Other: <text entry field>

3For follow-on surveys, we recommend changing the way Institutes of Technology are handled. Some are more like trade
schools and others are more like Universities.
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Which textbook(s) has your institution used in the past 2 years?

— Operating Systems: Principles and Practice by Thomas Anderson and Michael Dahlin
— Operating Systems: Three Easy Pieces by Remzi Arpaci-Dusseau and Andre Arpaci-Douseau
— The Design of the UNIX Operating System by Maurice Bach
— Operating System Concepts, by Abraham Silberschatz, Greg Gagne, and Peter Galvin [sic]
— Operating System Concepts, by William Stallings
— Modern Operating Systems, by Andrew Tanenbaum and Herbert Bos
— Operating System Design and Implementation by Andrew Tanenbaum and Albert Woodhull
— I don’t use a textbook
— Other: <text entry field>

Select any of the following platforms that your institution uses as the basis for one or more projects
or assignments in the past 2 years.

— BabyOS
— Embedded Xinu
— FOSL
— GeekOS
— iPodLinux
— Kaya
— Linux
— MiniOS
— Minux
— Nachos
— OS/161
— OSTEP Projects in GitHub
— PennOS
— Pintos
— TOS
— xv6
— Other: <text entry field>

Operating systems can be taught from either an internal or external perspective. An internal
perspective focuses on the implementation of an operating system (such as implementing new
system calls), whereas an external perspective focuses on using the services of an operating system
(such as using system calls). Using the scale below, tell us which perspective you take in your
operating systems course.

— Entirely internal
— Mostly internal
— Equally internal and external
— Mostly external
— Entirely external

Operating systems can be taught with either a concrete or abstract approach. A concrete ap-
proach is one that focuses on the design and implementation of a realistic operating system. An
abstract approach is one that focuses on algorithms and techniques in isolation or in a simulated en-
vironment. Using the scale below, tell us which approach you take in your operating systems course.
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— Entirely concrete
— Mostly concrete
— Equally concrete and abstract
— Mostly abstract
— Entirely abstract

Thank you for your participation!
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