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Embedded System Design Student’s
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Nazar Elfadil* and Intisar Ibrahim *

College of Computing, Fahad Bin Sultan University, Tabuk, Saudi Arabia

To evaluate and measure the effects of student’s preparation before studying an
embedded system design course, a systematic literature analysis was conducted,
spanning publications from 1992 to 2020. Furthermore, evaluating such effects may
help to close the gap between academically taught abilities and industry-required skills.
The goal of the review was to gather and evaluate all reputable and effective studies that
have looked into students’ learning preparation issues and solutions in embedded system
design courses. Nonetheless, the purpose of this work was to extract and discuss the key
features and methodologies from the selected research publications in order to present
researchers and practitioners with a clear set of recommendations and solutions. The
findings revealed that no instrument has been developed yet to assess students’ readiness
to take up an embedded system design course. Furthermore, the majority of the
instruments offered lacked concept clarity.
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1 INTRODUCTION

The major motive for this study work is the operational word “readiness to learn.” Various
definitions of readiness have been proposed, demonstrating its significance in learning. Existing
knowledge, skills, and capacities influence learners’ readiness to learn. Both the teacher and the
student benefit from knowing where they stand in terms of readiness. Furthermore, various scientists
and scholars (Freeman et al., 2014; Flosason et al., 2015; Kay and Kibble, 2016) have yet to agree on a
single definition of learning. Due to a lack of consensus on the nature of learning, this article used the
general learning definition, which is compatible with the concepts that most educational
professionals believe are crucial to learning (Ibrahim et al., 2015; Ridwan et al., 2016; Ridwan
etal., 2017; Hidayat et al., 2018; Ridwan et al., 2019). Learning is defined as the process of acquiring,
improving, and developing one’s knowledge, skills, beliefs, and world views by mixing cognitive,
emotional, and environmental influences and experiences (Flosason et al., 2015).

The objective of this systematic literature review (SLR) is to identify the latest research that
measures students’ readiness to learn embedded system design courses. Consequently, to achieve the
aforementioned objective the following research questions have been developed:

Research question 1: What are the important body of knowledge (BOK) courses for
undergraduate students to learn an embedded system design course?

Research question 2: What are the cognitive, affective, and psychomotor skills required to succeed
in an embedded system design course?

Research question 3: How can the instrument’s reliability and validity be evaluated?

Research question 4: Are students ready to learn an embedded system design course?
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Students’ readiness assessments aim to assess students’
knowledge and abilities based on the products of their
participation in a task and completion of a task rather than
their replies to a sequence of test items. The lack of such
assessment among various published articles is considered a
motivation for this research.

The remainder of this work is arranged in the following
manner: Section 2 delves deeply into the topic of learning
readiness. Section 3 outlines the prerequisites for taking an
embedded system course. In Section 4, learning domains and
their effects were thoroughly discussed. In Section 5, the research
approach was discussed. The results of the systematic literature
review are discussed in Section 6. The limitations of the research
were mostly highlighted in Section 7. Section 8 focuses on the
article’s conclusions.

2 READINESS FOR LEARNING

In recent years, there have been a limited number of research
studies on learning readiness (Freeman et al., 2014; Flosason et al.,
2015; Kay and Kibble, 2016). Despite the fact that much of the
research agrees that learning readiness is crucial, there is no
agreement on what characterizes learning readiness and how it
may be measured (Hidayat et al., 2018). According to Ibrahim
etal., (2015) and Ridwan et al., (2019), preparedness for learning
refers to a student’s capacity to demonstrate prior knowledge and
abilities in order to be successful in his/her courses and meet the
demands.

Prior knowledge, abilities, and academic behavior, according
to Ibrahim et al., (2015) and Ridwan et al., (2019), are the keys to
learning preparedness. On the other hand, Ridwan et al., (2017)
stated that “readiness for learning” is conceptualized as a
“developmental progression” reflecting student’s ability to
learn specific predetermined curriculum content. Ridwan et al.,
(2017 and Ridwan et al., (2019) suggest that “previous knowledge,
skills, motivation, and intellectual ability” are all factors that
influence this construct.

Prior knowledge and skills have been found to have a
substantial impact on the quality of learning and student
accomplishment (Ridwan et al,, 2016; Ibrahim et al., 2014);
thus, students who are academically equipped in terms of
prior knowledge and skills should be able to succeed in the
embedded system design course. In recent years, various
research studies have focused on prior knowledge and its
impact on learning readiness and performance (Ridwan et al,
2016; Shuell, 2016; Dilnot et al., 2017; Rickels, 2017). The
constructivist approach to learning, which has been prominent
in recent decades, is intimately linked to interest in the influence
of prior knowledge.

According to Yueh (Conley and French, 2014), knowledge is
defined as the amount of information that pupils learn from an
instructor during a class session. As a result, students can learn
more knowledge and skills from an expert or an instructor in a
given sector, assisting them in improving their understanding of
the subject matter (Safaralian, 2017). As a result, it is critical for
an instructor to be connected with the topic content and specified
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outcomes in order to improve students’ of a subject. Instructors
should also evaluate their teaching competence on a regular basis
in terms of subject knowledge and teaching skills (Kagan and
Moss, 2013; Caliskan et al., 2017; Jane Kay, 2018).

In fact, various scholars from a variety of sectors of education
concurred that one of the many aspects influencing students’
learning is their prior knowledge, emphasizing the need of
subject-specific prior knowledge for the development of
competences (Gillan et al., 2015). Furthermore, research that
looked into the relationship between prior knowledge and
training success found that past knowledge has a strong
predictive potential that is relevant (Hailikari et al, 2012;
Smith et al.,, 2015; Bennett et al., 2016).

3 REQUIREMENTS TO LEARN EMBEDDED
SYSTEM COURSES

“Information processing systems embedded into a larger product
that are generally invisible to users” (Yueh et al., 2012) is how the
term “embedded systems” is defined. Embedded systems are
found in every area of our life, ranging in complexity from a
single device, such as a Personal Data Assistant (PDA), to
enormous weather forecasting systems. Furthermore, they have
a wide range of applications, ranging from everyday consumer
electronics to industry automation equipment, from
entertainment devices to academic equipment, and from
medical instruments to aerospace and armament control
systems (Adunola, 2011; Redding et al., 2011).

As a result, embedded systems engineers must be able to
address complicated, open, and undefined problems that require
combining diverse viewpoints in an interdisciplinary manner for
knowledge, skills, techniques, and tools from various fields. As a
result, engineers must build proficiency in both hardware/
software and soft skills in order to deal with the complexity of
integrating multicultural teams in large-scale projects with
diverse profiles (Chang, 2010; Ganyaupfu, 2013).

Furthermore, embedded systems students must be prepared to
excel in embedded systems technology that is built for study and
professional advancement. Such readiness encompasses both
hard and soft abilities, which may represent a significant
barrier in carrying out the teaching process at higher
education institutions (Adunola, 2011).

3.1 Hardware and Software Skills

The physical components of embedded systems that can be
touched or seen, such as the CPU, motors, actuators, and
other physical pieces, are referred to as hardware. Software, on
the other hand, refers to the capacity to create and write programs
in a variety of languages to solve technical challenges.

In fact, thinking about difficult talents as skills that can be
shown is the simplest way to remember them. Furthermore,
embedded systems are typically designed to interact with the
physical world via sensors and actuators (Stern, 2001; Adunola,
2011).

Embedded system education should be multidisciplinary in
nature and includes several aspects of control and signal
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TABLE 1 | Body of knowledge for the embedded system design course (llakkiya et al., 2016).

No. Major knowledge area

Computer system engineering
Computer networks

Operating systems

Digital signal processing

Algorithms and complexity
Programming fundamentals

Computer architecture and organization
Digital logic

N O wWwN =

TABLE 2 | Knowledge area in an embedded system (Dick, 2016).

1 History and overview 7 Design methodologies

2 Embedded microcomputers 8  Tool support

3 Embedded programs 9  Embedded microprocessors

4 Real-time operating systems 10 Network-embedded systems

5 Low power computing 11 Interfacing and mixed signal
systems

6 Reliable system design

processing,  computing  theory, real-time  processing,

optimization, and evaluation as well as systems architecture
and engineering, according to the ARTIST Guidelines for a
Graduate Curriculum on Embedded Software and Systems
(Abele et al, 2015). Many universities, such as Ghent
University (Schmidt-Atzert, 2004) and Universitit Stuttgart
(Schuler and Schuler, 2006), provide embedded system courses
with the goal of addressing the practical difficulties that arise in
the design and development of embedded systems, which include
both software and hardware interfaces.

Meanwhile, Oakland University provides a Master of Science
in Embedded Systems course (Marwedel, 2011), which takes 32
graduate credits, with 16 core requirements, and at least 12 depth
requirements. Others (Ilakkiya et al., 2016) created an embedded
system engineering curriculum for a 4-year undergraduate degree
(ESE). A body of education knowledge for embedded system
engineering was defined in the suggested curriculum, and it
comprises 15 knowledge categories, as shown in Table 1.

On the other hand, Dick (2016) created an integrated series of
courses spanning early undergraduate to graduate course levels
that were designed to link lower-order and higher-order
cognition levels of Bloom’s taxonomy (Lima et al, 2014),
which grouped learning into six cognitive levels: 1) knowledge;
2) comprehension; 3) application; 4) analysis; 5) synthesis; and 6)
evaluation. Dick (2016) created a first-year course, a senior
course, and a graduate course in embedded systems that
covered the embedded system knowledge area (CE-ESY),
which was one of the 18 accrediting areas and covered 11
knowledge units. In Table 2, the embedded system’s
knowledge units are displayed.

3.2 Soft Skills

Soft skills are nontechnical abilities that enable us to maintain
self-control and have positive interactions with others. To be
more specific, soft talents can be characterized as follows: “Skills

No. Major knowledge area
9 Circuits and signals
10 Electronics
11 Software engineering
12 System performance
13 Languages and translation (compilers)
14 Control systems
15 Communications

that go beyond academic success, such as positive values,
leadership abilities, teamwork, communication skills, and
lifelong learning”—Roselina appears in Lima et al., (2013).

Employees must be able to use suitable information, skills, and
attitudes in every element of their lives in order to improve the
competitiveness of both economy and competition in today’s
knowledge-based economy (ARTIST network of excellence, 2005;
John, 2016; Bertels et al., 2009; Haetzer et al., 2011). Furthermore,
businesses and employers respond to economic needs by hiring
workers who can communicate, think critically, and solve
problems.

In summary, higher education must be redesigned to
improve the employability of graduates
(Catalog.oakland.edu, 2014). Employers indicated that fresh
graduates lacked effective communication and critical
thinking abilities, had insufficient knowledge in their
industry, and had weak problem-solving skills, according to
the National Graduate Employability Blueprint (Bloom, 1956;
Seviora, 2005; Rover et al., 2008; Shakir, 2009; Alliance for
Excellent Education, 2011).

Furthermore, the issue of unemployment and work
preparedness is a global phenomenon that is primarily
attributable to poor graduate quality (Sahlberg, 2006;
Johanson, 2010; Saavedra and Opfer, 2012;
Catalog.oakland.edu, 2014), rather than a lack of employment
options. As a result, several researchers have proposed that
higher education institutions reform engineering education in
order to keep up with industry expectations and bridge the gap
between academic perceptions and industry expectations or
employability skills for entry-level engineers (NGEM and
Ministry of Higher Education, 2012; Hanapi and Nordin,
2014; Seetha, 2014; Alias, 2016; Rahmat et al., 2017; Ting
et al, 2017; Fernandez-Chung and Yin Ching, 2018;
Karzunina et al., 2018). As a result, the Ministry of Higher
Education has mandated that institutions of higher learning
should include soft skills in their curricula.

3.3 Critical Thinking Skills

Critical thinking entails combining skills such as assessing
arguments,
judging or evaluating, and making decisions or solving issues
(Howieson et al., 2012). Indeed, these critical abilities are referred
to by a variety of terms, including cognitive thinking, reflective
judgment, and epistemological development (Itani and Srour,
2016). For example, intelligence, scientific problem-solving,

inferring inductive or deductive conclusions,
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meta-cognition, drive to learn, and learning styles are all
constructs and approaches that make up cognitive talents.

Despite the fact that each term has a different goal and
application, cognitive abilities have been recognized as an
important college student outcome because of their
“applicability and value across a wide range of academic areas”
(Itani and Srour, 2016). Many educators are interested in teaching
critical thinking to their pupils (Howieson et al., 2012). It is widely
agreed that critical thinking is an important and vital issue in
modern education.

3.4 Communication Skills

When employing engineering graduates, communication skills
tend to be one of the most significant qualifications (Srour et al.,
2013). Despite its importance, some studies have focused on
employers’ growing concern about engineering graduates’
deteriorating communication skills (Yoder, 2011; Baytiyeh,
2012; AUB (American University of Beirut), 2013; Selinger
et al., 2013; Crystal, 2016).

3.5 Team-Working Skills

Teamwork has evolved as one of the most important skills for job
readiness in the 21st century (Md Zabit et al., 2018), making it a
necessary practice in higher education, with lecturers frequently
giving group assignments that need student collaboration
(Pascarella and Terenzini, 2005).

The development of small-scale business management abilities
through entrepreneurship education has been linked to improved
living conditions. Furthermore, entrepreneurial education
teaches students to work not only for a living but also for
themselves. In this context, it has been reported that fresh
university graduates enter the work market on a yearly basis
(King, Goodson, and Rohani).

The term “lifelong learning” comes from an article by Edger
Faure for UNESCO titled “Learning to be” (Markes, 2006). From
infancy through old age, one’s actions are reflected in lifelong
learning. As a result, everyone should be taught how to learn. In
addition, lifelong learning refers to a learning process that can be
continued in a variety of settings without returning to school.

4 LEARNING DOMAINS

Bloom’s taxonomy, developed by Benjamin Bloom in the 1950s,
includes various terms relating to learning objectives. This opens
the way for schools to standardize educational goals, curriculum,
and assessments, further structuring the range and depth of
instructional activities and curricula available to pupils (Nair
et al., 2009).

This taxonomy uses a hierarchical scale to indicate the level of
competence necessary to achieve each quantifiable student result.
In fact, there are three different taxonomies to choose from which
are as follows: 1) cognitive, 2) psychomotor, and 3) affective.
Bloom’s taxonomy has been widely recognized in the engineering
community, with a worldwide consensus that engineering
graduates should be capable of analysis, synthesis, and
evaluation. Furthermore, multiple types of learning can be
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classified into three categories: cognitive, emotional, and
psychomotor (Lang et al., 1999).

4.1 Cognitive Domain
The cognitive domain focuses on how a student acquires and
applies knowledge, which can range from simple material
memory to more complicated and abstract activities.
Furthermore, this domain refers to a hierarchy of learning
skills that allows instructors to measure students’ learning in a
systematic manner. Furthermore, the cognitive domain can be
split into six key categories: 1) knowledge, 2) comprehension, 3)
application, 4) analysis, 5) synthesis, and 6) evaluation (Meier
et al., 2000; Scott and Yates, 2002a; Scott and Yates, 2002b), which
range from simple to complicate and tangible to abstract.
Lorin and Krathwohl (Martin et al., 2005) identified various
flaws in the cognitive domain. They asserted that, compared to
the other levels, the knowledge level has a dual character. As a
result, the Revised Bloom’s taxonomy cognitive domain was
introduced, with some alterations to its six levels. The
cognitive domain modernizes the taxonomy for use in the
twenty-first century, emphasizing the active character of
teaching and learning in the learning process of students
rather than their behaviors. It also provides students with clear
and well-defined objectives that allow them to connect their
current learning to old knowledge (Barton, 2007; Ahles and
Bosworth, 2004). Figure 1 illustrates the variances between the
original cognitive domain and the 2001 revised one.

4.2 Affective Domain

This topic is concerned with issues involving the emotional aspect
of learning, and it encompasses everything from basic willingness
to information intake as well as beliefs, ideas, and attitudes. It also
takes into account student’s knowledge of ethics, global
awareness, and leadership. As illustrated in Table 3, the
affective domain is divided into five categories: 1) receiving, 2)
responding, 3) valuing, 4) organizing, and 5) characterizing.

In the context of engineering, Timothy argued in Nguyen,
(2017) that “the affective domain is involved with how one
confronts interpersonal issues in their professional work or the
realm of professional ethics, where a clear relationship is vivid
with the value system to which one must follow.” This idea is
similar to ABET criterion (f), which states that students must
“understand professional and ethical duties” (Faure, 1972).

Learners’ attitudes of awareness, interest, attention, concern
and responsibility, ability to listen and respond to interactions
with others, and ability to demonstrate those attitudinal
characteristics or values that are appropriate to the test
situation and field of study are all examples of affective
learning. Krathwohl’s affective domain taxonomy (Qamar
et al, 2016), which gives a set of criteria for classifying
educational results related to the complexity of thinking in the
emotive domain, is possibly the most well-known of all of the
affective taxonomies.

Again, the taxonomy is organized from the simplest to the
most complicated feelings. Although it is related to the
emotional, this taxonomy can be used in conjunction with
Bloom’s cognitive taxonomy (Yildirim and Baur, 2016). All
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Original Cognitive Domain

(1956) (2001)
4 Evaluation Create 4
Synthesis :><: Evaluate
Analysis Analyze
Application Apply
Comprehension Understand
Knowledge Remember

Revised Cognitive Domain

Noun Form

FIGURE 1 | Variances between original cognitive and revised domains.

» Verb Form

TABLE 3 | Levels of the affective domain (Krathwohl’s taxonomy).

Affective level Level attribute

Al Receiving 1.1 Awareness
1.2 Wilingness to receive
1.3 Controlled or selected attention
A2 Responding 2.1 Acquisition in responding
2.2 Wilingness to respond
2.3  Satisfaction in response
A3 Valuing 3.1 Acceptance of a value
3.2  Preference for a value
3.3  Commitment
A4 Organization values 4.1 Conceptualization of a value
4.2 Organization of value systems
A5 Internalizing value 5.1 Generalized set
5.2 Characterization

learning areas and levels can benefit from Krathwohl’s
taxonomy. It gives a framework for instructors to create a
series of activities that will help students develop their personal
relationships and value systems.

Future educators can instill accountability in their deserving
students and recognize that each learner is unique based on
individual differences, allowing them to pinpoint his or her
strengths and weaknesses in order to further improve the
students. As with all taxonomies, there must be a very clear
instructional intention for growth in this area specified in the
learning objectives when labeling objectives use this domain
(Syed Ahmad and Hussin, 2017).

5 RESEARCH METHODOLOGY

The research methods part focuses mostly on the preparation,
execution, and reporting of the review. We start by formulating
and defining study questions about students’ learning
preparedness for an embedded system design course. Second,
we scan several databases for relevant literature and extract
pertinent facts. Finally, we prepare a report summarizing the
findings of the systematic review. The SLR approach has the
advantage of providing insights into a research problem and
allowing a study to obtain information from a variety of sources
(Kadir, 2016).

5.1 Planning the Review
This section explains how to apply the SLR used in this study

(Lorin et al., 2000; Boyle et al., 2016; Hamari et al, 2016),
including how to define research questions and how to define
a search strategy.

The research questions emerged as a critical feature that must
be well defined because they were used to gather data and
determine the study’s final outcomes. The following research
questions influenced the expected outcomes in this study:

RQ1. What are the key body of knowledge (BOK) courses for
undergraduate students interested in learning the embedded
system design?

RQ2. What cognitive, emotional, and psychomotor skills are
necessary for success in the embedded system design course?

RQ3. How can the instrument’s validity and reliability be
assessed?

RQ4. Are students prepared to learn about the embedded
system design?

The authors determine the number of articles published in this
specific region during the last two decades to answer RQI
through RQ4. The SLR allows you to explicitly explain your
search approach, which aids in the discovery of relevant and
useful articles for your research. As a result, the outcomes of the
search strategy are heavily influenced by keywords and databases.
Articles on embedded readiness, as well as instrument
development and validation, were searched for in this study.

5.2 Defining Data Sources

ScienceDirect, Web of Science, Scopus, Emerald, and Google
Scholar were used to search for similar article titles in this study.
The relevance of these five databases to electrical and electronics
engineering, as well as engineering education disciplines, was
chosen to assure complete and inclusive data collection.

The Web of Science, established and maintained by Thomson
Reuters, is the world’s largest online database, providing access to
six databases (Krathwohl, 2002).

Scopus, on the other hand, is an Elsevier-owned online
database that contains over 22,000 abstracts and articles from
5,000 publishers in the scientific, technological, medical, and
social sciences fields (Ferri, 2015). Aside from that, Google
Scholar is a free web search engine that indexes full texts or
metadata of academic literature across a number of publishing
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TABLE 4 | Search keywords.
Search keyword

Embedded systems
Instrument development
Readiness

Embedded System Design Student's Learning Readiness Instruments: Systematic Literature Review

Curriculum, prerequisites, learning theories, and learning outcomes
Reliability, validity, and Rasch analysis
Learning domains, knowledge and understanding, and soft skills

TABLE 5 | Search string.

Main search string

[“Students Readiness” OR “Instrument Development” OR “Readiness Measurement” OR “Learning Theories” OR “Learning Outcomes”] AND [‘Embedded Systems” OR
“Learning Embedded Systems”] AND [“Validity” OR “Reliability” OR “Psychometric”] AND [“Validity” OR “Reliability” OR “Psychometric “OR “Rasch Analysis”] AND [“Learning

Domains” OR “Knowledge and Understanding” OR “Soft Skills”]

Sub-string search

SS1

Sub-string search

8§82

SS83

S84

[“Students Readiness” OR “Instrument Development” OR “Readiness Measurement” OR “Learning Theories” OR “Learning
Outcomes”] AND [“Embedded Systems” OR “Learning Embedded Systems”] AND [“Learning Domains” OR “Knowledge
and Understanding” OR “Soft Skills”]

[“Students Readiness” OR “Instrument Development” OR “Readiness Measurement” OR “Learning Theories” OR “Learning
Outcomes”] AND [“Embedded Systems” OR “Learning Embedded Systems”] AND [“Validity” OR “Reliability” OR
“Psychometric”]

[“Students Readiness” OR “Instrument Development” OR “Readiness Measurement” OR “Learning Theories” OR “Learning
Outcomes”] AND [“Validity” OR “Reliability” OR “Psychometric”]

[“Students Readiness” OR “Instrument Development” OR “Readiness Measurement” OR “Learning Theories” OR “Learning
Outcomes”] AND [“Validity” OR “Reliability” OR “Psychometric “OR “Rasch Analysis”]

)

————ry

NYe—
G oogle Scholar
38

Ident fication

|

Sereemng

-

| Blighiliy )

FIGURE 2 | Search strategy.

Reccords Combincd (Retricved)
@ =412)

1

Records after duplicates
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Records I:\;lusx?n;Exduson e S e
@ =242) (0 =56
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TABLE 6 | Pilot search results.

Embedded System Design Student's Learning Readiness Instruments: Systematic Literature Review

Keyword ScienceDirect Web of Science Scopus Emerald Google Scholar
Readiness 42 36 16 29 20
Readiness for embedded system 0 0 0 0 0
Embedded system teaching and learning 18 21 9 17 10
Instrument development 101 54 15 6 8

formats and disciplines, with over 160 million pages indexed as of
May 2014 (Chugh and Madhravani, 2016).

5.3 Defining Search Keywords

The study keywords were chosen based on the research questions
(RQs). The chosen keywords were cross-checked against the
study RQs to confirm that they matched the research
objectives and expectations. As a result, the search keywords
listed in Table 4 were used to find the relevant articles.

To identify the primary articles, the search phrase shown in
Table 5 was used to implement a search on the four (4) selected
web databases using Boolean operators. Meanwhile, the OR
operator was utilized to link the synonyms, and the AND
operator was employed to chain the important key phrases.
During the search process, we also used stemming and
wildcards searching tips from another digital library
(Norasiken et al., 2016; S6nmez, 2017; Smt and Philip, 2017).

5.4 Conducting the Review Process

This section explains how the review was actually carried out. As a
result, the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) was used to conduct the review, which
followed the stated methodology shown in Figure 2. The
procedure included identifying a research pilot search,
selecting a study, and assessing the quality of the results.

Based on the specified search string, a pilot search was
conducted to find as many results as possible relevant to
embedded systems and preparedness as well as instrument
development and validation. As a consequence, 390 articles
were initially identified from the selected databases, including
151 articles from ScienceDirect, 121 articles from Web of Science,
40 articles from Scopus, 52 entries from Emerald, and 38 articles
from Google Scholar, as shown in Table 6. Finally, after using the
reference management tool, a total of 92 studies were found and
eliminated.

While the primary articles for this study were chosen based on
a two-level inclusion and exclusion criterion used on the 298
articles that were chosen, 56 studies were discarded for failing to
meet the criteria. Following that, after reviewing the titles and
abstracts of the publications, 86 were rejected. After reviewing the
full texts, 114 articles were eliminated from the 156 articles that
were chosen.

The remaining 42 articles were then divided into three
categories based on the RQs, with 20 articles linked to
embedded systems (ES), 12 entries linked to readiness
measurements (RMs), and 10 articles associated to instrument
development and validation (IDV). The SLR was used to
incorporate the remaining articles as primary studies.

The quality assessment criterion was used in this study to
examine the quality of the primary articles in order to eliminate
biases and risks to validity in empirical investigations as well as
serve as more accurate inclusion and exclusion criteria, as
proposed by Kitchenham (2004). As a result, a checklist of
questions for embedded system categories, readiness
measurement, and instrument creation and validation was
created, as illustrated in Tables 7-9, respectively. Meanwhile,
the answer scale illustrated in Table 10 was utilized to analyze and
validate the primary selected articles, as indicated by Maiani de
Mello et al., (2014).

5.5 Data Synthesis

This section contains the report of the performed review, which
displays the SLR’s final phase. The study’s findings are presented
according to a predetermined review methodology. Using the
data gathered, the primary studies were extracted throughout the
review based on the established inclusion and exclusion criteria.
In addition, descriptive statistical tools were used to present the
results.

Around 42 main articles were chosen for SLR based on the
established selection criteria. Nonetheless, none of the source
publications contained all three search terms of study-embedded
systems, instrument development, and readiness. Instrument
development and readiness, on the other hand, were
mentioned frequently in the articles chosen. In reality, as
shown in Figure 3, ten of the research articles chosen were
journal publications, and ten were conference articles. The
most recent research studies [ES1], [ES2], [ES3], [ES4], [ES5],
[ES6], and [ES7] were published in 2016, while the oldest one was
published in 2005 [ES20]. The primary studies and their
publication year are displayed in Figure 4, which indicated an
increasing trend in the number of publications.

5.6 Answers of Research Questions
The relevant articles from the data extracted in the data extraction
form had been used to answer each RQ, as shown in Table 11.

RQ1: What are the essential body of knowledge (BOK) courses
for undergraduate students interested in learning the embedded
system design? The courses included in the body of knowledge for
the embedded systems design course in electrical and electronics
engineering, computer engineering, and computer science
degrees were the topic of this research question. Nevertheless,
most of the reviewed articles did not mention or have
misconception about a concept or a weak understanding of a
concept regarding BOK courses.

RQ2: What cognitive, emotional, and psychomotor skills are
necessary for success in the embedded system design course? The
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TABLE 7 | Quality assessment questions for the ES group.

Embedded System Design Student's Learning Readiness Instruments: Systematic Literature Review

No Question Answer
Q1 Are the objectives clearly defined and stated? No/partial/yes
Q2 Is the study in the article explained clearly?
Q3 Does the study describe the embedded systems curriculum?
Q4 Does the study explore embedded systems prerequisite courses?
Q5 Does the study explore students’ prior knowledge?
Q6 Does the study explore students’ soft skills?
Q7 Is the study conclusion related to the aims and objectives?
Q8 Is the study clearly documented?
Q9 Does the study contribute to the literature?
TABLE 8 | Quality assessment questions for the RM group.
No Question Answer
Qi Are the objectives clearly defined and stated? No/Partial/Yes
Q2 Is the study in the article explained clearly?
Q3 Does the study measure students’ embedded systems readiness?
Q4 Does the study use an instrument to measure the readiness?
Q5 Does the study measure students’ prior knowledge?
Q6 Does the study measure students’ soft skills?
Q7 Is the study conclusion related to the aims and objectives?
Q8 Is the study clearly documented?
Q9 Does the study contribute to the literature?
TABLE 9 | Quality assessment questions for the IDV group.
No Question Answer
Qi Are the objectives clearly defined and stated? No/Partial/Yes
Q2 Is the study in the article explained clearly?
Q3 Is the instrument developed based on a theoretical approach?
Q4 Is content validation performed?
Q5 Is the pilot test conducted?
Q6 Is the instrument reliability measured?
Q7 Did the study perform construct validation?
Q8 Is the study conclusion related to the aims and objectives?
Q9 Are the study results clearly documented?
TABLE 10 | Score of the quality assessment questions.
Answer Score
No 0
Partial 0.5
Yes 1

® Journal Paper

» Conference Paper

focus of this research topic was on both hard and soft abilities that
students need to succeed in an embedded systems design course.
In total, 3 of the 20 articles in the SLR dealt on the development of
the embedded systems design courses curriculum. [ES15], [ES18],
and [ES20] were the studies in question. Furthermore, [ES2],
[ES3], [ES4], [ES5], [ES8], [ES10], [ES16], [ES17], and [ES19]
were discovered in 17 research articles, with nine of them
focusing on providing hands-on teaching materials for
embedded system courses. The remaining eight articles, [ES1],

® 1hegs

FIGURE 3 | Primary studies according to the publication type.
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[ES6], [ES7], [ES9], [ES11], [ES12], [ES13], and [ES14], measured
the effect of implementing project-based learning (PBL) on the
embedded systems design course, while [ES15] evaluated master’s
and degree embedded systems programs at three universities,
namely the University of Eindhoven’s Master in Embedded
Systems program, the University of Freiburg’s Master of
Science in Embedded Systems Engineering program, the
University of Pennsylvania’s Master of Science in Engineering
in Embedded Systems program, and the University of Freiburg’s
embedded systems engineering degree program. These articles
presented an embedded system curriculum and teaching module
that could be included in any degree or master’s program in
electrical and electronics engineering, as well as computer science
studies, at Berlin’s Humboldt University.

Following that, [ES20] describes a 98-credit hour, 4-year
undergraduate embedded systems engineering program at the
University of Waterloo in Canada. It offered a curriculum that
included solid mathematical foundations and in-depth
understanding of the programming and engineering design, as
well as hardware and software integration, which appears to be
the primary application of embedded systems. Furthermore, the
first 3 years of the curriculum were covered by the core, while the
final year was an elective. A variety of laboratories and class
projects were incorporated into the curriculum to give students a
wide range of hands-on experience as well as the opportunity to
apply fundamental design tools. Meanwhile, [ES18] is another
study that presented the embedded systems curriculum.

The difficulties that software-oriented students encountered
while studying hardware courses, specifically microprocessors
and embedded controllers, at the Institute of Informatics,
Faculty of Natural Sciences and Mathematics at the Saints
Cyril and Methodius University of Skopje in the Republic of
Macedonia, were presented in this study.

Embedded System Design Student's Learning Readiness Instruments: Systematic Literature Review

The study advocated changing the hardware course structure
to mimic the software course structure that students are familiar
with. It also proposed a teaching module on microprocessors and
embedded controllers for the institution. The following articles
were primarily descriptive and quantitative in nature: in fact,
[ES1], [ES2], [ES3], [ES4], [ES5], [ES6], [ES7], [ES8], [ES9],
[ES10], [ES11], [ES12], [ES13], [ES14], [ES16], [ES17], and
[ES19] stressed the impact of PBL on the embedded systems
design in comparison to traditional methods.

RQ3: How can the instrument’s validity and reliability be
assessed? This study looked into instrument validation through a
four-part psychometric assessment: 1) content validity, 2) pilot
test, 3) reliability, and 4) construct validity.

The degree to which a designed instrument fully examines the
construct of interest is referred to as content validity. As a result,
the content validity index (CVI) was utilized to assess the
instrument’s content validity in [IDV1].

A pilot test is an initial study designed to assess the produced
instrument’s reliability, comprehensibility, relevance, and
acceptability. According to the information gathered, none of
the articles had conducted a pilot test study.

The reliability analysis was carried out as part of the primary
investigations in [IDV1], [IDV2], [IDV3], [IDV4], [IDV5],
[IDVe6], [IDV7], [IDV8], [IDV9], and [IDV10] by using
Cronbach’s alpha to analyze the internal consistency of the
instruments.

Construct validity is the degree to which a designed
instrument measures what it is supposed to assess.

Construct validity was assessed using dimensionality analysis,
item analysis, and the p Wright map in [IDV6] and [IDV10].
Confirmatory factor analysis (CFA), principal component
analysis (PCA), and item analysis were employed by [IDV2],
[IDV8], and [IDV9], respectively. To perform construct validity,
[IDV1] used item analysis and CFA, whereas [IDV3] used
dimensionality analysis and differential item functioning (DIF).

In addition, [IDV4] used dimensionality and ANOVA
analysis, whereas [IDV5] used dimensionality, CFA, and the
Wright map. In [IDV7], item analysis, Wright maps, and
Pearson’s correlations were also utilized.

RQ4: Are students prepared to take a course on the embedded
system design? This topic centered on the description of a
systematic method for creating an instrument that would be
used to assess students’ readiness to take an embedded systems
design course. According to the SLR, no studies found a link
between preparedness and embedded systems design courses.

In reality, 12 of the 42 primary articles in SLR provided data on
students’ readiness, with three (3) studies [RM1], [RM2], and
[RM3] measuring the aspect of students’ readiness to learn

TABLE 11 | Studies relevance to RQs.

RQ no. Study ID no. No. of studies
RQ1 ES1, ES2, ESS3, ES4, ES5, ES6, ES7, ES8, ES9, ES10, ES11, ES12, ES13, ES14, ES15, ES16, ES17, ES18, ES19, and 20

RQ2 ES20

RQ3 RM1, RM2, RM3, RM4, RM5, RM6, RM7, RM8, RM9, RM10, RM11, and RM12 12

RQ4 IDV1, IDV2, IDV3, IDV4, IDV5, IDV6, IDV7, IDV8, IDV9, and IDV10 10
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science courses at the tertiary level. Meanwhile, [RM4] and
[RM5] supplied information on students’ readiness for
mathematics in higher education, and [RMS6], [RM7], and
[RM8] provided information on higher school students’
readiness for college.

Students who gained in-depth prior knowledge from earlier
courses relating to the areas they sought to learn had higher
grades in their target course, according to these research studies.
[RM9], [RM10], [RM11], and [RM12] also included information
on students’ readiness to accept mobile learning.

6 SYSTEMATIC LITERATURE REVIEW
FINDINGS

This section provides an overview of the findings from a
systematic  literature review (SLR), including study
methodology, design, and process. The SLR has recently
gained popularity as a respected research methodology (Ernst
et al., 2015; Maiani de Mello et al., 2015; Mariano and Awazu,
2016; Reuters, 2016; Scopus Content Overview, 2016). As a result,
it has been frequently used in medical research studies, with a
variety of well-documented criteria supporting its use. Since 2004,
a number of psychologists, engineers, and social scientists have
been using this new paradigm in their research. In addition, a
number of prestigious publications have begun to produce special
issues devoted to SLR articles (Ernst et al., 2015).

When compared to a literature review, the SLR was used in
this study because of its high scientific value, which is comprised
of a sound and predefined search approach, as well as excellence
evaluation criteria, which are absent in literature reviews, and any
chance of missing an article is reduced (Scopus Content
Overview, 2016).

Apart from that, Kitchenham (Kitchenham, 2004) managed to
come up with following three reasons for using a systematic
literature review: 1) to summarize the existing evidence
concerning a treatment or a technology, for example, to
summarize the empirical evidence of both benefits and
limitations of a specific agile method, 2) to identify any gaps
in the current research in order to suggest areas for further
investigation, and 3) to provide a framework or background to
appropriately position a treatment or a technology.

According to the recommendations set by Kitchenham (2004),
publications from various database sources were searched using
predefined keywords to acquire appropriate research materials in
order to answer the research questions (Soomro and Salleh,
2014).

The generic terms “readiness,” “embedded system education,”
“instrument development,” “validity,” and “reliability” were
found in all of the selected primary publications, according to
the SLR findings. Only three studies, [ES15], [ES18], and [ES20],
focused on the embedded system curriculum design. The
majority of these publications focused on embedded system
teaching and learning methodologies.

Authors’ findings revealed that no instrument has been
developed yet to assess students’ readiness to take an
embedded system design course. Furthermore, the majority of

» «
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the instruments offered lacked concept clarity. They also lacked
the foundational theory to build and assess their instruments as
well as considerable psychometric examination of the
instruments they had produced. In fact, in their reviews, all
research studies ignored pilot testing, while only one study
emphasized content validity.

These instruments are used to assess students’ prior
knowledge of the fundamentals of physics, mathematics, and
physics in the science domain. The elements in the instrument
developed to assess student preparation for physics represent the
science domain that deals with the facts about matter. Math
instruments, on the other hand, tend to assess students’ prior
knowledge of mathematical fundamentals.

The chemistry instrument is also designed to assess a student’s
prior understanding of fundamental properties of matter and
gases. Because these measurement instruments are not designed
for the engineering domain, they cannot accurately and totally
represent the necessity to assess students’ past engineering design
knowledge and skills. MeSRESD was created to assess students’
engineering preparedness, with items representing engineering
fundamentals, analysis, and design activities as well as prior
knowledge and skills, as recommended by ABET and MQA.

The researcher can utilize the findings of SLR to determine the
methodology and reporting standards employed in previous
studies on the same or related themes. All researchers who
collected and analyzed data in the primary studies listed in
Table 11 used quantitative methodologies. However, to give a
more comprehensive grasp of the research issue and to assure
generalizability of the study findings to a larger population, this
study was implemented utilizing a sequential exploratory mixed
development technique (Kitchenham et al., 2009; Achimugu
et al., 2014).

Furthermore, as indicated in Table 11, the majority of the
proposed instruments lacked rigor in terms of reliability and
validity methodologies as well as transparency in terms of
analytical procedures and findings. As a result, content validity
is conducted using CVI and CVR to ensure that the MeSRESD
instrument is a trustworthy and valid instrument. To assess the
consistency of the scales, the reliability alpha coefficient is
calculated. Measurement instrument statistical analysis, item fit
analysis, Wright map, and differential item function were also
used to determine construct validity.

7 INSTRUMENT DEVELOPMENT

One of the most important components of any research project is
data collection, which assists researchers in answering their
research questions. There are numerous data-gathering
methods, such as quantitative and qualitative data collection
methods, which are dependent on the research design used in
the study. In quantitative investigations, questionnaires are the
most often used data-gathering method (Kitchenham and
Charters, 2007).

The Likert scale (Azhar et al., 2012), semantic differential
(Marshall et al.,, 2015), visual analog, and numerical response
formats (Mundy et al., 2015) are only few of the instruments that
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have been employed in social science. The Likert scale used in this
study is one of the most widely used instruments in social science
research. The four essential processes in the construction of the
MeSRESD instrument are 1) construct development, 2) scale
format and item authoring, 3) pilot test, and 4) scale evaluation
(Hu and Bai, 2014). Inductively or deductively, the instrument’s
evolution was assessed (Nekkanti, 2016).

The inductive instrument development method is one in
which the items are created first, and then the instrument is
created from them. This strategy is typically employed when
investigating a new phenomenon for which there is little or no
existing theory. The deductive technique used in this study, on
the other hand, begins with a theoretical definition of a construct
that is then used as a guide for the development of products. This
method necessitates a thorough awareness of the relevant
literature as well as the phenomenon under investigation, and
it aids in the content adequacy of the final instruments (Rycroft
et al.,, 2013).

The development of instruments has been thoroughly
researched in the literature. Unfortunately, the majority of
these investigations lacked reliability and validity, making it
difficult to interpret research findings (Nekkanti, 2016).

The fundamental indicators of a measuring instrument’s
quality are its reliability and validity. The goal of constructing
and validating an instrument is to reduce measurement error to
the greatest extent possible. As a result, a systematic literature
study is carried out in order to locate, review, and critically
evaluate existing methodologies for instrument creation and
validation.

Item generation, content validity, pilot test, reliability analysis,
and construct validity were all included in the authors’ list of
development and validation techniques. Table 11 shows the 10
articles that have been chosen as primary studies. In their
instrument to assess nurses compassion competency,
Youngjin (Lawshe, 1975) used content validity and construct
validity as well as item analysis and confirmatory factor
analysis (CFA).

Construct validity was assessed using dimensionality analysis,
item analysis, and the Wright map in Hesse-Biber, (2016) and
Creswell (2014). To perform construct validity, Lynn and
Radford, (2016) used dimensionality analysis and differential
item functioning (DIF).

While Forys and Gaca, (2016) used dimensionality and
ANOVA analysis, Takahashi and McDougal, (2016) used
dimensionality, CFA, and the Wright map. Item analysis, the
Wright map, and Pearson’s correlations were also employed in
Liu and Conrad, (2016).

To summarize, none of the research studies cited previously
give theoretical basis for the item creation of their instruments,
and none of them have conducted pilot test analysis. However, as
part of the major investigations, the reliability study was carried
out using Cronbach’s alpha to analyze the internal consistency of
the instruments. Furthermore, there is no well-established
framework to guide researchers through many stages of
instrument creation and validation in these investigations.

Despite this, none of the articles examined have highlighted
how students’ attitudes influence their behavior. Several studies
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on the adoption of various technologies have found a strong
correlation between attitude and behavioral intention (Leedy and
Ormrod, 2016).

SLRs have a number of goals, one of which is to identify
research gaps and pave the path for future studies. As a result, the
following points show present research gaps or future research
opportunities:

1. None of the studies described previously provide a theoretical
foundation for the development of their instruments.

2. They have never carried out a pilot test analysis.

3. In these studies, there is no well-established framework to
guide researchers through many steps of instrument
construction and validation.

4. None of the articles looked at focusing on how students’
views affect their actions.

5. Social behavior variables should be included in the content
validity analysis.

6. The findings of this research highlighted that the universities
should reform their curricula to equip the students with the
required BOK courses and improve the continuity between
the courses.

7. This study also contributes to research by explaining in detail
the process of instrument development.

8. The systematic approach to generate items and to assess the
reliability and validity of the instrument is clearly elaborated.

9. The different types of prior knowledge influencing the

readiness of students to learn the embedded systems

design course should be explored by further research.

The study is only limited to the embedded system design

course. Future research should involve different courses to

provide findings that are more comprehensive.

10.

8 LIMITATIONS

Because research is a never-ending process, this section provides
study limits and constraints that may have an impact on the
overall findings and inspires other researchers to conduct
additional research.

The study’s goal was to investigate which instruments have
previously been utilized to assess students’ readiness to take up an
embedded systems design course. This was accomplished by
performing a comprehensive search of the ScienceDirect,
Scopus, Web of Science, Emerald, and Google Scholar
databases, which included only publications written in English.
As a result, several articles relevant to this study may have been
omitted due to this criterion.

Other flaws, such as bias in primary study selection, study
quality assessment, and data extraction imprecision, could have
influenced the SLR. As a result, many sub-searching strings were
created for execution, and their results were logged separately to
overcome these restrictions.

The five databases described previously were chosen for their
importance to electrical and electronics engineering as well as
engineering education disciplines, in order to assure thorough
and inclusive data collection. It is worth noting that these five
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databases are not comprehensive; therefore, the study had to be
constrained.

In addition, only research publications written in English are
included in the study. As a result, because it was published in a
language other than English, other important research
publications may have been overlooked.

Because students are not machines who learn and teachers are
not robots who teach, psychological and emotional preparedness
to learn is essential. Future research should take such things into
account, according to the article.

9 CONCLUSION

The goal of this research was to assess students’ readiness. A
systematic literature evaluation was conducted for this goal,
including publications from 1992 to 2018, in order to assess
and measure the effects of students’ preparedness before enrolling
in embedded system design courses. Furthermore, evaluating
such effects may help to close the gap between academically
taught abilities and industry-required skills.

This analysis of the literature identified and compared
numerous readiness measurement instruments that are used to
assess the preparedness of embedded system design students. As a
result, there is a requirement for more standard investigations
using benchmark datasets. Nonetheless, the findings of the
research show that the majority of the selected studies do not
give theoretical evidence for the item creation of their
instruments, and none of the studies have conducted pilot
tests. Furthermore, there is no well-established framework to
guide researchers through many stages of instrument creation
and validation in the investigations.

This question centered on the description of a systematic
approach used to create an instrument that would be used to
assess students’ readiness to take an embedded systems design
course. None of the studies found a link between readiness and
embedded systems design courses, according to the SLR.

Students who gained in-depth prior knowledge from earlier
courses relating to the areas they sought to learn scored higher in
their target course, according to these research studies.
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