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Abstract—This research-to-practice WIP paper describes con-
cept maps for computer organization. A concept map is a tool
that can be used to describe the relationship between the topics
(or concepts) in a specific field of study. Concept maps are used
in a variety of applications to improve curricula and assessment,
particularly in K12 and undergraduate STEM education. In this
paper we use concept maps for modeling computer organization
topics and assess their importance with respect to the depth and
breadth levels required for computer science and engineering
graduates. The proposed concept maps focus on two aspects: The
first one is the idea of the centrality of the topics. Centrality is
an important concept in graph theory. Each topic in the concept
map is given a level of centrality or a centrality index. The
second aspect is the relationship between the topics, particularly
between the topics with high level of centrality. The objective of
the modeling is to identify the most central topics and come up
with a set of more standard learning outcomes for undergraduate
level computer organization courses.

I. INTRODUCTION

Computer organization is a modern topic that is concerned
with the components in a computer system and how they are
connected together in a structured way to perform computing
tasks. Computer organization deals with the internal working
of the system and tries to answer the question of how to
implement the system.

In computer science and engineering curricula, undergradu-
ate level computer organization courses are widely considered
among of the most critical core courses. Most universities offer
this course during the sophomore year. Therefore the course
can be seen as an introductory course where the pre-requisites
associate with the major are minimum. Other universities offer
a more advanced version of the course at the Junior or Senior
level. Typically, lower division courses are more uniform and
standard in terms of the topics covered than upper division
or elective courses. Unfortunately, this is not the case for
computer organization even though there is an agreement
about the role of computer organization in the curriculum.
This is due to several factors including the rapid development
in the theory, practice, and design of computer systems as well
as department and instructor preferences.

As mentioned previously, there is a visible diversity in terms
of the topics discussed and the depth level associated with
them. The purpose of this paper is to explore the different
aspects related to the topics and develop a concept map for
computer organization based on comparing course descriptions
from different institutions.
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Similar to other STEM areas, the research on computer
science and engineering education is substantial. However,
the research on computer organization is lagging compared
to similar areas such as programming and machine learning
education [1]-[4]. Redesigning and improving computer orga-
nization courses is discussed by many authors such as ( [5],
[6], [7]). Xu and Chen [5] discussed methods for computer
organization teaching and evaluation. Since computer organi-
zation is a course that is typically taken by different majors,
the general idea of the paper is to customize teaching and
evaluation to improve course delivery and results. Accord-
ing to the authors, students will be better prepared for the
subsequent courses in their majors. Clearly, customizing the
course topics, the homework assignments and the projects will
have a positive aspect, however, there is a cost associated with
customization.

Gao et al [8] developed a method for automated and more
accurate evaluation of computer organization projects. The
students are required to complete a project to implement
a CPU in a hardware description language. The automated
evaluation process developed in the paper allows to assess
the correctness and functionality of the CPU design based
on several aspects such as program generation and signal
and data tracing. According to the authors, the automated
evaluation process allows to detect hidden problems that were
not detected using the other lab/project evaluation methods.
Students are given timely feedback, which allows them to
improve the efficiency of their design. Yang et al. [9] discussed
computer organization course improvement based on several
principles related to the program objectives. The authors dis-
cussed strengthening the basics and teaching based on the stu-
dents’ abilities. Kongmunvattana and Rahman [10] discusses
the inclusion of cybersecurity topics in computer organization.
This gives the students an opportunity to learn the principle
of cybersecurity in an introductory computer science course.
In their assessment, the authors mentioned that the course
was well received by the students. Xu et al. [11] discussed
research on 3D Virtual simulation experiment for teaching the
principles of computer organization. This approach can replace
the traditional experiments. Gao and Bie [12] provide a de-
tailed discussion on reforming computer organization courses
based on systems concept. The authors mentioned several
problems such as the disconnection between the topics and the
trending to focus on software aspects and ignoring hardware—
related topics. Note that good understanding of the hardware



aspects of the system will definitely help improving the quality
of software design. The authors proposed a solution based
on system thinking, including system hierarchy and system
applications. Gao et al. [13] discusses analogous methods
for teaching a design course for computer organization. The
authors used FPGA boards to solve the design problems
related to computer organization.

This paper will address the problem from a different point
of view. We will build concept maps for computer organization
topics based in a survey of course descriptions. This approach
will give us a good idea about the common topics covered in
the course and their importance. In the next section we will
discuss the list of topic and the concept maps and analyze the
results using tables and graphs.

II. LIST OF TOPICS AND CONCEPT MAPS
A. List of topics

In the traditional setting, computer organization covers the
major components of a computer system and how they work
together. Note that the focus can differ considerably between
institutions. For example, some departments focus on software,
others focus on the hardware aspects. A survey of the course
descriptions of computer organization from thirty different
universities including R1 and teaching institutions allowed
to obtained a list of fifty different keywords. Note that the
number of keywords in the description varies considerably
between universities. The level of detail also varies. The list
of keywords is shown in table 1. Tables 2, 3 and 4 show
the keywords as a function of the number of appearances.
Note that I/O and memory system (which includes memory
hierarchy) have the highest numbers of appearances, followed
by assembly language, instruction set, data representation
and digital logic. These are the keywords with ten or more
appearances.

1. Computer arithmetic
3. Data representation
5. Input/output interface

7. Memory hierarchy and cache

9. CPU

11. Operating systems

13. Boolean algebra

15. Combinational circuits
17. Latches and flip flops
19. ALU

21. Datapath

23. Bus

25. Instruction set

27. Instruction execution
29. Machine language

31. Interrupt

33. Procedures

35. Loading and linking
37. MIPS

39. Stacks

41. Micro architecture
43. Multiprocessing

45. Direct memory access
47. Register-transfer level
49. Computer performance

2. Binary arithmetic

4. Number systems

6. Memory system

8. Virtual Memory

10. Types of processors
12. Logic elements

14. Logic gate levels
16. Sequential circuits
18. Digital logic

20. ALU circuits

22. Control Unit

24. Instruction format
26. Addressing modes
28. Assembly language
30. Pipelining

32. Macros

34. Assemblers

36. RISC architecture
38. Timing and clocks
40. Micro programming
42. Multi threading

44. Instruction parallelism
46. Parallel computers
48. von Neumann machine
50. Embedded systems

Table 1: List of computer organization keywords based in the
course descriptions

Keyword Number of appearances
“Input/output interface” 19
”Memory system” 14
”Memory hierarchy” 13
”Assembly language’” 13
“Instruction set’” 12
”Data representation” 11
”Digital logic” 10

”Machine language’” 9
”Central processing unit” 9
”Addressing modes’” 7
”Computer arithmetic” 6
“Interrupt’™” 6
”Control Unit” 5
”Arithmetic and logic unit” 5
”Pipelining’” 5
Table 2: Keywords with 5 or more appearances

Keyword
“Microprogramming’”’
”RISC architecture’”
”Assemblers’”
”Binary arithmetic”
”Virtual Memory”
”Datapath”
”Bus’”
“Instruction format
”Von Neuman”
”Combinational circt”
“Instruction execution’”
”Number systems”
”Logic gate levels”
”Microarchitecture”
”Procedures’”
”Loading and linking’”
”Computer performance”
Table 3: Keywords with three or four appearances

Number of appearances

29
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Keyword

”Stacks”
“Multithreading”
”Multiprocessing”
"MIPS”

”Parallel computers”
“Register-transfer level”
”Operating systems”
”Logic elements”
”Boolean algebra”
”Sequential circuits”
”Latches and flip flops”
”ALU circuits”
”Macros’”

”Timing and clocks
“Instruction level parallelism”
”Direct memory access”
”Types of processors”

“”Embedded systems”
Table 4: Table Keywords with one or two appearances

Number of appearances

299
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While it is possible to group these keywords under the three
major components of a computer system as shown in figure
1, we suggest to group them under eight different categories
as follows

o Computer arithmetic and data representation (Data): in-

cludes binary arithmetic and number systems



Central Processing unit

Input/Output

Fig. 1. Computer main components

o Input/output (I0)

e Memory system (MEM): includes memory hierarchy and
cache.

« Digital logic (DL): Includes combinational and sequential
circuits.

o Processor design, functions and applications (CPU): in-
cludes a variety of topics such as types of processors,
pipelining, multithreading and multiprocessing.

o ALU, datapath and control unit (ALU)

o Instructions (INST)

¢ Other topics. This group includes embedded systems and
operating systems.

If we consider the three main components of the computer
system, the numbers of appearances (frequency) and their
corresponding percentages are shown in table 5 below.

Topic Number of appearances Percentage
CPU 174 %78
Memory 31 P14
10 19 %8
Table 5: Frequency associated with the main components of a
computer.

number of appearances

10

15 20 25

keyword

30 35 40 45 50

Fig. 2. Keywords frequency

It’s unsurprising that the highest percentage of keywords
falls under the CPU category. The question at this level
pertains to the relevance of these keywords to computer
organization courses. Another noteworthy observation is the
correlation between descriptions from various universities,
which indicates that topics associated with the CPU category
exhibit less correlation and more variability.

B. Concept maps

A concept map is a graphical representation that allows to
organize the concepts and establish the relationship between
them [14]. We investigate the concept map at two different
levels: (1) at the keyword level and (2) at the group level.
Figure 3 shows the concept map at the keyword level. The
numbers in figure 3-(a) indicate the keyword as shown in table
1, for example, 5 indicates keyword input/output. In figure 3-
(b), the numbers indicate the number of appearances, which
also represents the centrality index. In both cases, the radius
of the circles indicate the centrality index. The keywords with
larger radius indicate that the topic is more central to the
course.

III. CONCLUSIONS

In this paper we presented a method to study the topics of
undergraduate computer organization using concept maps. A
simple survey of course description allows us to get a list of
50 different keywords. The concept map is established at two
levels: at the keyword level and at the group level.
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Fig. 3. Concept map for the keywords. (a) The number inside the circle corresponds to number associated with the keyword in table 1. (b) The number
inside the circle corresponds to the number of appearances (frequency) of the keywords.
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