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Abstract. Abstract thinking is considered a higher-order thinking that allows one to solve problems while switching between levels of abstraction, i.e., moving between multiple levels of complexity. The Faculty of Electrical and Computer Engineering (Technion – Israel Institute of Technology) combined two undergraduate courses, focusing on different levels of abstraction, into a
single course “Digital Systems and Computer Structure” integrating multiple levels of abstraction, i.e., logical, micro-architecture and architecture levels. The present study aimed to characterize students’ attitudes toward the course. This mixed-method study involved 103 undergraduate students. According to the findings, students hold positive attitudes toward a course that combines multiple levels of abstraction. Students claim that the course is interesting, provides a complete picture of computer systems, imparts higher-order thinking skills, but at the same time imposes a heavy load.
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Introduction

One type of thinking relevant to engineering is abstract thinking, namely, focusing on
meaningful information for the current phase and temporarily ignoring the unnecessary
details [1-2]. Abstract thinking is considered a higher-order thinking that allows one to
solve problems while switching between levels of abstraction, i.e., moving between
multiple levels of complexity [3].
In view of the above, the Faculty of Electrical and Computer Engineering (Technion
– Israel Institute of Technology) combined two undergraduate courses, dealing with
different levels of abstraction, into a single course “Digital Systems and Computer
Structure” integrating multiple levels of abstraction. This unique course is mandatory
for beginning electrical and computer engineering (hereinafter: ECE) students and computer science (hereinafter: CS) students. The present study aimed to characterize students’ attitudes toward the course.
The article begins with a concise review of abstract thinking. Next, the course “Digital Systems and Computer Structure” is described. Then, the research goal is formulated and the methodology is presented. Finally, the main findings are discussed.
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Abstract Thinking

Abstract thinking, as an important element of computational thinking [4-5], is relevant
in many fields, and currently holds a major role in engineering [6]. This is due to the
increased complexity of engineering systems [7] and the Industry 4.0 concept, based,
inter alia, on big data [8]. Therefore, compared to the past, engineers must deal with
growing intricacy, especially in the hardware and software industry [9].
As mentioned earlier, a key concept in abstract thinking is a level of abstraction. It
is possible to characterize an arbitrary number of levels, ranging from the highest level,
where the problem is observed from a general point of view, to the lowest level at which
close attention to detail is needed [10].
For instance, the architecture level is the boundary between software and hardware.
At this level of abstraction, a set of software instructions that the computer can support
is defined. Below this level is the micro-architecture level, focusing on the highest level
of implementation of the features defined at the previous level. The next level, logic
gates, deals with the logical properties of the components defined at the micro-architecture level. Lower levels address the electronic devices that construct the logic gates
and their physical structure [11].
It is widely agreed that the major cognitive skills of the so-called abstract thinker are
recognizing the level of abstraction appropriate for a particular phase and maneuvering
between levels of abstraction [12-13].
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“Digital Systems and Computer Structure” Course

As noted earlier, the Faculty of Electrical and Computer Engineering (Technion – Israel
Institute of Technology) combined the course “Digital Systems”, which dealt with
Boolean algebra and the analysis and design of combinational and sequential systems,
and the course “Logic Design and Introduction to Computers”, focusing on advanced
logic design and computer structure, into a single undergraduate-level course entitled
“Digital Systems and Computer Structure”. The latter covers three levels of abstraction,
i.e., logical, micro-architecture and architecture levels, switches between them, and
therefore provides a more complete picture of the computer.
The course “Digital Systems and Computer Structure” is compulsory for ECE (second semester) and CS (third semester) students. The aim of the course is to provide
students with analysis and design skills at the three levels of abstraction mentioned
above. A prerequisite for the course is the course “Introduction to Computer Science”,
which deals with the algorithmic approach to problem solving and programming in C
language.
The course (frontal instruction) lasts 13 weeks, and consists of four hours of lectures
and two hours of tutorials every week. The teaching staff is comprised of lecturers (PhD
in ECE) and assistants (senior ECE students and graduate students). The contents of the
course overlap approximately with the contents of the preceding courses, and include:
Boolean algebra, the digital model, combinational systems, sequential systems, state
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machines, von Neumann machine, hardware description language, addressing modes,
branches, stack, routines, traps, pipelined processor, control and data hazards [14].
The assessment is based on computer exercises (simulations in VERILOG), a midsemester test and a final examination.
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Research Goal and Methodology

4.1

Goal

The aim of the study was to characterize students’ attitudes toward the course “Digital
Systems and Computer Structure”.
4.2

Participants

One hundred and three undergraduate students (53 ECE students; 50 CS students), who
took the course “Digital Systems and Computer Structure”, participated in the study.
The students have not previously been exposed to learning that combines multiple levels of abstraction.
4.3

Methodology

At the end of the course, students filled out two anonymous questionnaires, a closedended and an open-ended. In addition, nine semi-structured interviews were conducted.
All instruments were aimed to characterize students’ attitudes toward the course.
The quantitative data were analyzed by statistical means, and a possible difference
between ECE and CS students was examined. The qualitative data underwent a directed
content analysis based on the tri-component attitude model.
4.4

Tools

The closed-ended questionnaire was a five-level Likert-like scale, extending from
“strongly disagree” to “strongly agree”. The scale was based on an instrument developed in [15]. This self-reporting questionnaire consisted of 17 statements expressing
attitudes toward an engineering course that combines multiple levels of abstraction.
Some of the statements represented positive attitudes and others – negative ones. The
statements were validated by two engineering education experts. Cronbach’s alpha (α
= 0.78) pointed to acceptable internal consistency. Some statements are given in Table
1.
In the open-ended questionnaires and interviews, students were asked, among other
things, about their position toward the course and their preference, i.e., courses that
incorporate multiple levels of abstraction or courses that focus on a few levels.
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Table 1. Closed-ended questionnaire – sample statements.
Polarity

Statement
The combination of digital systems and computer structure is correct
because it allows the computer to be analyzed at different levels of detail.
It is better to study digital systems separately from computer structure
so that it will be possible to devote the necessary time to each subject.

Positive
Negative
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Findings

5.1

ECE and CS Students’ Attitudes

Table 2 presents the mean score (5≥M≥1) and standard deviation (SD) of students’
attitudes toward the course (closed-ended questionnaire). According to t-test (equal variances), there is no significant difference between ECE and CS students (t101=1.41,
p>0.05). Both students hold positive attitudes toward an engineering course that integrates several levels of abstraction.
Table 2. Closed-ended questionnaire – descriptive statistics.

5.2

Group

M

ECE

3.71

SD
0.70

CS

3.89

0.58

Attitude Components

Content analysis of the open-ended questionnaires and interviews reveals various aspects in respondents’ attitudes toward the course. Since there is no significant difference between ECE and CS students’ attitudes (Section 5.1), there is no distinction between the two groups below.
Cognitive Domain. Cognitively, the vast majority of respondents (90%) argue that the
course provides a complete picture of computer systems:
Educationally, it [the course] is well built. You start from the simplest thing... start
from Boolean variables... then Boolean expressions, logic gates, combinational
components… you progress until you build a complete processor! (interview)
About one-third of the respondents (35%) claim that the course is appropriate for
beginning students:
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The level [of learning] was appropriate… I felt it wasn’t something I couldn’t handle. (interview)
But it is accompanied by a heavy cognitive load, stemming from the broad scope of
content (32%):
The load was too high… there were lots and lots of content. (questionnaire)
According to about a quarter of the respondents (24%), the course imparts higherorder thinking skills, due to the combination of several levels of abstraction:
It [the course] has given me directions of thinking that I haven’t had until today... I
think it [combination of several levels of abstraction] develops ways of thinking.
(interview)
Affective Domain. In the affective domain, 28% of the respondents think that the
course is interesting because it maneuvers between several levels of abstraction:
Very interesting... I liked the progress from a very internal level of the processor to
an external one. (interview)
Behavioral Domain. Finally, from the behavioral perspective, the vast majority of respondents (83%) prefer courses that incorporate multiple levels of abstraction over
courses that focus on a few levels:
I prefer to study the current [new] course over the two separate [preceding] courses.
(questionnaire)
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Discussion and Conclusions

According to the results, students hold positive attitudes toward an engineering course
that combines multiple levels of abstraction, with no significant difference between
ECE and CS students. This lack of difference may be due to the fact that the respondents
are beginning students. Thus, the specific program (ECE vs. CS) has not yet affected,
if at all, students’ attitudes.
Students argue that the course imparts higher-order thinking skills, due to the combination of several levels of abstraction. This claim is in line with research findings
suggesting that representation that combines multiple levels of abstraction promotes
learning, especially when dealing with complex systems, such as physical [16] or biochemical systems [17]. Moreover, incorporating multiple levels of abstraction allows

6

learners to maneuver between levels of abstraction and thus contributes to their cognitive development [16].
Students claim that the load characterizing a course that incorporates multiple levels
of abstraction is very high. Indeed, as described in Section 3, course instruction is much
more extensive than is common in university courses.
Affectively, students find interest in combining digital systems with computer structure. The behavioral aspect in their attitude is congruent with the cognitive and affective
components described above. According to it, the vast majority of students prefer
courses that incorporate multiple levels of abstraction over courses that focus on a few
levels.
The study faced a limitation: the number of students who took part in the research
was relatively small. To diminish the impact of this limitation, both quantitative and
qualitative tools were used.
The study’s main contribution lies in the first analysis (to the best of our knowledge)
of students’ attitudes toward an engineering course that integrates multiple levels of
abstraction. This contribution is important in view of the inadequate abstract thinking
skills of beginning engineering students [18]. The authors recommend developing such
courses. However, they should be scheduled in a semester characterized by a relatively
moderate load and assigned with highly-qualified faculty.
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