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Abstract

The paper reveals the content of this research aimed at showing ergonomical
possibilities that enhance success in teaching and learning of programming
language, by tertiary education students. successful considerations for pedagogical
approaches were considered, with providing measures that improve the difficult task
of teaching programming language. The strategies inherent will provide guidance
for the implementation of the various pedagogical technologies that will intensify
students' interest in learning of programming languages at undergraduate level. The
Ergonomic consciousness will help those who find it difficult to grasp programming
concepts quickly enough to achieve good grades. There is also a myriad of options
and approaches to choose from. This paper outlines some of the options and
approaches and summarizes that choosing a simple, well-structured environment
and technology that encourages collaboration whilst giving lots of feedback to
students is major effective strategy when teaching programming languages to
Students.
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Introduction

Utilizing innovative approaches to design and manage inducive learning
environments that effectively satisfy the needs of 21st-century learners is an
increasingly important theme of educational research. The methodological shift
from instructivism to constructivism alters the work of teachers from information
transmission to the design and management of student-centered learning tasks and
learning environments within which learners can learn safely through exploration
and interference with the objects in the environment as well as having to take a
significant level of responsibility for regulating their learning behaviours and
products. Ergonomics is one of these innovative approaches that focus on the
optimum design and usability of physical things within the learning environment.
The focus of contemporary pedagogy is on pedagogical ergonomics, which tries to
thoroughly examine and design educational activities within all aspects of the
educational system, including those of the instructor, the student, and the learning
environment, to guarantee their efficacy and optimality. Wilson (2000) defines
ergonomics as the scientific study of the interactions between human factors and
other elements of a system, to enhance human welfare and the productivity of a
system as a whole. Raby et al. (2003) assert that ergonomics stems from the Greek
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'ergon' meaning work, and 'nomos' meaning rules. This discipline studies
human/machine interactions in different environments including the educational
world. Faheem (2021) adds that ergonomics refers to the science of improving
product design to optimize human convenience and comfort. It is the study of how to
arrange equipment and furniture so that people can work or perform other activities
more efficiently and comfortably considering the relationship between workers and
their environment. The International Ergonomics Association (IEA, 2003; cited in
Karwowski, & Zhang, 2021, p. 3) defines ergonomics as follows:

The scientific discipline which is concerned with understanding the interactions
among humans and other elements of a system and the profession that applies theory,
principles, data, and methods to design to optimize human well-being and overall
system performance.

Guerrettaz (2021) mentions that ergonomics is an interdisciplinary field that seeks to
understand purposeful human activity, including fields such as industry and office
workplaces, medicine, energy systems, aviation, and sports. Ergonomics is centrally
concerned with patterns of human-object relationships that are best understood
overall in relation to sociocultural contexts. Karwowski and Zhang (2021) state that
the ergonomics discipline emphasizes a human-centered, holistic approach to
system design that considers the organizational, developmental, ecological, and
environmental aspects of human well-being as well as the physical, cognitive, and
neurological aspects. In this perspective, Christy and Duraisamy (2020) refer to three
main types of ergonomics: physical, cognitive, and organizational (figure 1)

Figure 1: Types of Ergonomics
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1. Physical ergonomics (PS): It is the most important type, where physical
comfort comes first in terms of importance to the students. The tools used
include comfortable seats, computer equipment, etc.)

2. Organizational ergonomics (OE): It examines ways to improve the entire
work environment. It includes finding ways to enhance teamwork, advanced
communications, and increase the quality of work production.

3. Cognitive ergonomics (CE): It focuses on cognitive procedures in the
design of environment and technology. It is a scientific discipline that
studies, evaluates, and designs outputs, tasks and environments, and systems
and how individuals interact with their cognitive abilities. It is mental
processes that include cognition, memory, rational thinking, motor response,
and interrelationships among students in a learning environment. It includes
related tasks, decision-making, and performance-based skills, interaction
between humans and the work system, reliability on humans, and stress at
work and training.

Ergonomics, Zunjiz et al (2015) mention, highly contribute to the quality of
education through three streams including preserving students' health, creating a
comfortable working environment, and adjusting instruction according to students'
abilities. Dul and Ceylan (2011) clarify that the field of ergonomics deals primarily
with the working environment, improving health and safety, and sometimes
productivity and quality. Designing a work environment that enhances creativity and
the ability to innovate in products and processes. The degree to which individuals
generate new and useful ideas depends on the support they receive from their work
environment. The goal of ergonomics is to optimize human well-being and overall
system performance." A creative learning environment can promote students' and
teachers' well-being.

Therefore, there should be facilities that provide interventions that make the work
environment more conducive to members' creativity.

What is obvious in the introduction is that ergonomics is an instructional approach in
computer science education. This research attempts to make contributions at both
theoretical and practice levels as pedagogical ergonomics is illustrated in relation to
multiple specializations of human knowledge and insights for utilizing ergonomics
in programming language considerations due to the fact that programming is rarely
by students. Thus, this research calls for more use and development opportunities of
ergonomics to provide an enhanced learning environment with rich tasks for learners
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of programming language. Additionally, this research aims to raise awareness of the
importance of ergonomics in the field of Computer science education particularly in
the branch of artificial intelligence (Al) and encourages Al teachers to implement it.
The focus of this research lies in exploring how PE, CE, and OE can be implored in
teaching bacic programming language to tertiary education students. Moreover, the
three types of ergonomics are integrated and lead to more productivity in using
programming language skills. Accordingly, this research explores one main
question: How could ergonomics be incorporated into teaching Programming
Language? This question and more basic ones, are such that inform this research:

1. What is pedagogical ergonomics?

2. What need do computer science and programming language students have
towards to learning?

3. How can Ergonomics be incorporated into teaching programming language?

Therefore, the current research sheds the light on the significant role of using
ergonomics in teaching basic programming language integrated skills. Following is
a review of what pedagogical ergonomics refers to, rationales for incorporating it
into computer education, and the implications for utilizing ergonomics in developing
programming Language skills are provided.

Pedagogical ergonomics

Although the application of ergonomics in education has gotten relatively
little attention, it is one area where it can have a substantial impact. Educational
ergonomics, as Kao (1976) conceptualizes it, is an interdisciplinary branch of
ergonomics that targets educational effectiveness focusing on the interaction of
educational performance and educational design. Tang (2020) adds that educational
ergonomics is part of a learning environment that depends on the interaction of
learning performance and learning design. Educational ergonomics is an alternative
to traditional educational studies as it provides a comprehensive approach to design
factors at different levels such as classroom, policy, and program levels that help to
enhance the effectiveness of education in various local and regional institutions.
Pedagogical ergonomics, as Kuts and Lavrentieva (2022) note, is a new direction of
modern pedagogy that aims to comprehensively analyze and design the pedagogical
activities of teachers and students in the system and consider the relationship of the
human factor with the elements of the learning environment to assure its
effectiveness and optimality. Furthermore, pedagogical ergonomics focuses on
designing appropriate alternatives for particular activities related to using new
technology; formulating requirements for technical teaching aids and considering ed
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the level of readiness of teachers and students to use instrumental
pedagogical technologies. Many educators and researchers linked educational
ergonomics to constructivism. Soltaninejad et al. (2021) argue that ergonomics is
highly connected to the constructivism theory where learning occurs through the
interaction of the student with the other students, the teacher, the educational
materials, and the learning environment in order to construct new knowledge or
solve a problem. Bures (2014) points out that the learning environment in which the
student spends long hours must be a safe, attractive, healthy, and enriched place to
pave the way for better learning. In the constructivist approach, Anagiin (2018) adds,
learning occurs when students explore and interpret their surroundings and one of the
teachers' main challenges is to create an effective learning environment that
encourages students to participate actively in learning activities. Aljohani (2017)
mentions that constructivism entails some important principles which help teachers
design supportive learning environments that consider learners' different
backgrounds, knowledge, experiences, and interests to help learners make
connections, construct knowledge and solve problems. The social constructivist
theory entails one of the important principles which is the meaningful participation
in the social life of a group and the meaningful use of language as an interpersonal,
intersubjective, and collaborative process of creating shared meaning. Ergonomics is
one of the instructional approaches that can help in solving many problems students
face and can increase their productivity. In educational systems, Smith (2007)
argues, student learning success is significantly correlated with some design factors
including task design, design of the teaching process, design of educational
materials, environmental design of the classroom, design of educational technology,
educational system design, and community quality. Kao (1976) categorizes
Educational Ergonomics into five categories as follows:

1. Learning ergonomics examines educational skills of handwriting, reading,
drawing, using tools, managing educational activities, and the assessment
system.

2. Instructional ergonomics includes designing books, teaching aids, teaching
methods, and lesson preparation.

3. Ergonomics of educational facilities involves educational furniture,
laboratories, library, classroom, and office design.

4. Ergonomics of educational equipment provides educational equipment
with quality assurance of performance, fixtures, and safety.

5. Ergonomics of educational environment which is concerned with lighting,

space, colors, and placement of devices.
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Uche and Okata (2015) and Garcia-Tudela et al. (2020) agree that ergonomics is the
approach that provides the adaptation of the physical or the virtual environment to
the individual characteristics of its users. Ergonomics does not provide only
flexibility and personalization of learning or working environment but also students'
well-being and security. If the physical teaching and learning environment lacks the
main determinants that help in achieving the success of the teaching and learning
process, the desired educational goals will not be achieved. So, there are several
considerations to have an appropriate learning environment that must be focused on
educational and teaching facilities, the availability of comfortable facilities and
buildings, the regularity of their maintenance services, and the suitability of
equipment for users. Additionally, Pitehnoee et al. (2020) clarify the importance of
physical ergonomics highlighting how the behaviors or development of learners are
influenced by the features of the learning environment including ambient aspects
(e.g. temperature, air quality, and lighting), physical aspects (e.g. visibility, furniture,
and layout), and technical aspects (e.g. personal computers, internet access, audio,
and video equipment).

Ansari et al. (2018) state that effective learning and teaching can be achieved in a
safe, stress-free space in classrooms. The physical environment of educational
facilities can help teaching, learning, and academic performance, while inadequate
facilities can cause stress and agitated behaviors in students. Physical environments
of classrooms have a vital role in student's satisfaction, and a higher level of
satisfaction can increase the level of skills, mentality, and knowledge of students.
Educational furniture is used in classrooms of many colleges, institutes, and
universities, and students spend a major part of their time sitting on this furniture in
classrooms. Many health problems can happen because of improper chair designs
and that affects student's academic performance.

Kurata et al. (2015) indicate that the application of cognitive ergonomics contains
enhancement in human information processing to reduce accidents and errors and
thus develop quality and output. According to Caas (2008), cognitive ergonomists
perform a cognitive analysis of interaction to speed up the completion of interaction
tasks, cut down on human errors, accelerate learning, and raise user satisfaction with
asystem. Cognitive ergonomists examine how human work is represented and how it
is processed cognitively. The phrases cognition and ergonomics are used to
investigate the cognitive aspects of the interaction between people, the work system,
and the artifacts that are found in it to effectively design them. When explaining the
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has been developed with quality standards to maintain the physical and mental health
of students and teachers while continuing the teaching and learning process with
minimal stress and maximum effectiveness. Results revealed that ergonomics
promoted the mental, physical and social well being of students and teachers and
considered the emotional state in transmitting and receiving knowledge.

Computer Science and Programming Language Needs

According to (O. Adelakun-Adeyemo & S. O. Akinola, 2015) computer Science
(CS) is a broad and diverse field encompassing the fields of mathematics, physics,
psychology, art and sociology. Indeed, one can look at computer science as a hybrid
field of study. More formally, we can say that computer science falls in the field of
applied sciences as opposed to the basic sciences. As diverse as the field of computer
science is, one activity that remains dominant through the diverse components is
programming (Felleisen 2008). This dominance is also reflected in computer science
curriculum (Blake 2011) across the world. In tertiary curriculum for computer
science education in Nigeria, it is observed that about 30% of the curriculum is
focused on programming to a large extent. Over the course of an undergraduate
programme in computer science, students are exposed to at least four programming
languages in core programming courses and are required to apply programming in a
few other courses. With so much hinging on the learning and application of
programming, the effective teaching of programming languages is no doubt very
important. Despite the huge curriculum share given to programming languages, and
their importance to the field, research shows that there is still comparatively high
rates of failure when it comes to programming language subjects (Vihavainen et al.
2014) (Kaplan 2009). Students find it difficult to grasp programming at the
introductory stage and this has discouraged many from continuing in the field
(Gudmundsen & Olivieri 2012). (Kak 2013) concedes that teaching programming is
a difficult task. This is more so because teaching programming at the level required
by industry can only be undertaken by someone who is very much into the act of
programming. Most university lecturers are however more immersed in research
within their chosen specialities than in writing the next piece of software. He asserts
that teaching programming at the university level, must teach how to interact with the
machine, demonstrating how to handle program misbehaviour, teaching how to
manage memory efficiently, and well as synchronization and process control. In his
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opinion, real programming for a computer scientist, must go beyond just constructs
but to the level of understanding the implications of the constructs at the system level
and be able to make appropriate decisions for program correctness and efficiency.
This divergence of interests is one of the causes of low achievement in programming
language courses.

Learning to program is a very important skill for a computer scientist (Blake 2011).
(Kaplan 2009) compares the inability of a computer scientist to program to the
inability of a mathematician to understand algebra. A situation he terms 'very
limiting'. Although (Blake 2011) states quite emphatically that computer science is
not programming, and computer scientists are not programmers; he still agrees to the
fact that learning to program is very important. So how can programming languages
be taught effectively?

Pedagogical Ergonomic measures for effectiveness in teaching Programming
Language

Selection of Appropriate Programming Language

Several authors have discussed the issue” of the appropriate language for teaching
first programming language courses. The debate usually centres on finding a
language with minimum memory load i.e. a language in which the concepts to be
mastered in order to write the simplest working program in that language is minimal
as well as a minimal number of lines of code. A first programming language should
be a well-structured language with high computing power, it should be easy to learn
and be widely applicable (Howell 2003). (Blake 2011) states that the choice of
language to teach is a personal one, because teachers make choices based on their
own identities as computer scientists and their definition of the discipline. He
however also mentioned that though there might be multiple factors affecting the
choice of language to be taught, the learner must not be left out of the equation. That
is the characteristics and needs of the learners must also be put into consideration.
(Pears et al. 2010) also mention considering the whole curriculum when making the
choice.

Some authors argue that the first programming language should be an object-
oriented language such as Java or C++. So passionate are some of the proponents of
this view that one such person is quoted to have said that it is impossible to teach any
other language to a person who has learnt BASIC as a first language (Kaplan 2009).
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(Warren 2001) however tries to make a point about teaching introductory
programming with scripting languages. His argument is that they were built to create
small pieces of code and by being more flexible than C++ and Java-type languages
(system programming languages), allows the learners to focus on 'algorithmic
issues'. In his paper he classifies four problems with these system programming
languages that create huge barriers for programming novices: gratuitous complexity,
inconsistency, modes and implementation issues. (Blake 2011) also seems to agree
as he states that scripting languages have fewer 'non-obvious' (gratuitous
complexity) topics that need to be learnt. He reports how using Scala helped his
students to learn programming and transit seamlessly to learning Java in their second
year

.(Shivers 2008) in her paper alludes to the fact that programming is an important skill
in the computer science domain. However, she maintains firmly that the teaching of
programming should be focused on the essential ideas that underpin programming
and not fads demanded by industry. She emphasised that the teaching of
programming should be such that the students develop the capacity to pick up new
languages and paradigms by themselves because fads by their very nature, change.
The teaching of programming therefore must be focused on the core components and
developing problem solving skills.(Felleisen 2008) corroborates this stance in his
paper by stating that 'the quick pace of changes in the real world demand that we
graduate students who understand the principles of programming languages
(POPLs); who can use them to navigate the diverse and formidable maze of
programming languages, and students who are prepared to design their own
special-purpose languages when needed.'.

Overall, it appears that the most effective language to teaching programming is a

language that

1. does not have high notational overhead

2. has simple and rich syntax

3. is well supported with tools such as Integrated Development Environments

(IDEs), books, tutorial and web documentation

These criteria are very important especially for introductory course which serves to
build a foundation in algorithmic thinking and problem solving. Later in the
curriculum, issues such as industrial relevance can be put into consideration to create
a viable mix of programming languages learnt by the students to ensure well-
grounded skills and marketability. Such a mix might be Python followed by VB, C++
and Java. This will prepare a student to qualify for 66% of programming jobs
(DeRaadtetal. 2002).
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Selection of Appropriate Teaching Methodology
Programming Tools/Environment

Programming can be done in a visual or command line environment. (Dillon et al.
2012) conducted an experiment in which they compared the ability of novices to
switch successfully between the two kinds of programming environments. Their
result showed that students who had been first introduced to a command line
environment found it easier to transit to a visual environment. Their conclusion is
that learning to program using a visual environment is 'easier' to learn because the
environment is more familiar to the user. This is because visual environments for
programming often use the same WIMP (window, icon, menu and pointing device)
features that the user will most probably be used to with other visual applications like
word editors and browsers. The consistency and affordance of the environment make
it easier for the user to navigate and understand the features. However, they also posit
that using the visual environment presents the novice programmer with a higher level
of abstraction when programming. For example, by simply clicking a button on the
visual environment, the user can compile/interpret and execute the program unlike in
the command line environment where the user has to issue specific commands for
each activity. These manual interactions, according to (Dillon et al. 2012), create a
different mental model that helps the user to better understand what programming is
all about. The manual interactions with the compiler are seen to be beneficial in
having the 'correct' view of programming as different from using application
programs.

(Masterson & Meyer 2001) present a visual programming language SIVIL (SImple
Visual Language) that depicts program syntax completely visually. Relying on the
claim that visual aids are generally thought to be more effective and more presenting
ideas to learners, SIVIL presents program constructs, elements and data flow using
pictures, symbols and icons. Like the other visual programming environments, it
naturally creates a level of abstraction. This can be seen as an advantage as it lowers
the learning curve and may help more students have success with learning
programming. (Gudmundsen & Olivieri 2012) demonstrate a similar tool called
Visual Logic ©. The tool allows users to create programs via interactive graphical
flowchart symbols which are executable. The graphical flowchart symbols help the
users to better understand abstract programming concepts such as branching,
looping and so on. By almost eliminating the need to learn syntax at an introductory
stage, the authors claim that Visual Logic © helps students move on more easily to
industrial grade languages.
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Combining Classroom Based Lectures Plus Separate Practical Lab Sessions
Another setup is to combine classroom-based lectures with separate practical lab
sessions. This is becoming the norm when teaching programming. The arrangement
is made such that, the programming concepts are introduced during the lectures and
then exercises relating to those concepts are worked out during the lab sessions.
Usually, the lab session is taken by a different person such as a graduate assistant in
the university setting or a technologist. This arrangement is certainly an
improvement over the purely classroom-based style but can be riddled with
problems if not properly managed by the course lecturer. This system has helped
many students to grasp programming concepts and languages more easily which
resulted in better grades for the students.

Practical lab sessions

Full-fledged practical sessions are becoming pervasive. They are the dominant style
being used in IT certification-focused institutions such as NIIT and Aptech in
Nigeria. In this setting, usually, all teaching takes place in a computer lab with each
student having access to a personal computer. The lecturer demonstrates via a
projector and the students replicate what is being done instantly. This approach
creates a rapport between the student and the teacher and can help them learn faster
since problems can be dealt with immediately. This arrangement is however resource
intensive and time consuming.

Other Teaching Interventions

More and more programming courses seem to be thought using extreme
programming. As agile development has continued to gain ground, it has filtered its
way into education as well. A number of researchers have reported positive
experiences with extreme programming as well as pair programming. (Karn & Court
2003) describe a 'software hut' at the University of Sheffield, United Kingdom,
where students work in teams on real life projects. Though their research was
focused on how personality affects team success, the scenario in which the research
was carried out goes to show that schools are adopting industry-like teaching and
learning environments.

Several researchers have reported improvement in performance of students when
pair programming was used. Pair programming has also been reported to enhance
achievement of students (Akinola, 2014; Brain Hanks, 2008). (Shaffer & Edwards
2007) in their research however, they did not notice any impact of pair programming
on the performance of their subjects.
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(Vihavainen et al. 2014) carried out a systematic literature review of interventions to
improve students' achievement in programming language courses. In their research,
they discovered thirteen interventions which had been used in different scenarios.
The result of their study revealed that Media Computing topped the list of
interventions that helped students grasp the concept of programming and hence
achieve success. Media Computing with pair programming came second,
Cooperative third, using a visual programming tool fourth, extreme apprenticeship
and team-based learning came fifth and sixth. Having a preliminary introductory
course also produced good results coming seventh. Reducing class size, improving
resources, using games, pair programming, modifying assessment and collaboration
with games ranked eighth to thirteenth in order. Their study focused on introductory
programming and there is evidence that as students mature, some interventions such
as pair programming, become more effective.

Conclusion and Recommendation

Ergonomic factors which may contribute to the effective teaching of programming
have been highlighted. While it may not be possible to implement every option on
trial, it is instructive in constructing a better teaching/learning environment for any
programming language course. By taking into consideration the course and entire
curriculum objectives, the profile of the students and other available resources, this
canbe done.

This paper has highlighted the following preferable practices for effectiveness:

l. Simple, structured and generally applicable programming language

2. Simple development environment with minimum levels of abstraction away
from the working of the compiler

3. Effective practical sessions.

4. Other teaching interventions.

References

Adelakun-Adeyemo, Oluwatoyin & Olalekan, Sunday. (2015). Effective Teaching
of Programming Languages at Undergraduate: An Overview.

Akinola, O.S., 2014. An Empirical Comparative Analysis of Programming Effort,
Bugs Incurrence and Code Quality Between Solo and Pair Programmers.
Middle-East Journal of Scientific Research,21(12), pp.2231-2237.

Aljohani, M. (2017). Principles of “constructivism” in foreign language teaching.
Journal of Literature and Art Studies, 7(1), 97-107.

Anagiin, S. S. (2018). Teachers' Perceptions about the Relationship between 21st
Century Skills and Managing Constructivist Learning Environments.
International Journal of Instruction, 11(4), 825-840.

Journal of Research in Science & Technical Education (JOREST) 258



ISSN: 2408-7538

Journal of Research in Science and Technical Education
Volume 4, No. 1, pp. (246-261), July 2024, Available at: www.jorest.org

Andrade, J. 1., & Cumbajin, A. R. (2013). Incidence of ergonomics and furniture in
an English interactive laboratory of the Academic Unit of Administrative and
Humanistic Sciences at Technical University of Cotopaxi during the
academic cycle March 2012July 2012.

Unidad Académica de Ciencias Administrativas y Humanisticas. UTC, Latacunga.

Ansari, S., Nikpay, A., & Varmazyar, S. (2018). Design and development of an
ergonomic chair for students in educational settings. Health scope, 7(4).

Bures, M. (2014). Efficient education of ergonomics in industrial engineering study
program. Procedia - Social and Behavioral Sciences, 174,3204-3209. Http://
www.sciencedirect.com

Blake, J.D., 2011. Language considerations in the first year cs curriculum *.
Consortium for Computing Sciences in Colleges, pp.124-129.

Christy, D., & Duraisamy, D. S. (2020). Ergonomics and employee psychological
well being. International Journal of Management, 11(3)

DeRaadt, M., Watson, R. & Toleman, M., 2002. Language Tug-Of-War?: Industry
Demand and Academic Choice. , 20.

Dillon, E., Anderson, M. & Brown, M., 2012. Comparing Mental Models of Novice
Programmers when Using Visual and Command Line Environments. In
Proceedings of the ACMSE

Dul, J., & Ceylan, C. (2011). Work environments for employee creativity.
Ergonomics, 54(1), 12-20.

Ehrensberger-Dow, M., Heeb, A. H., Massey, G., Meidert, U., Neumann, S., &
Becker, H. (2016). An international survey of the ergonomics of professional
translation. ILCEA Revue de -126 - I'Institut des Langues et des Cultures
d'Europe et d'Amérique, (27).

Faheem, S. (2021). Role of Ergonomics in English Language Teaching: An
Overview. Ergonomics for Improved Productivity, 989-993.

Felleisen, M., 2008. Why Teach Programming Languages in this Day and Age and
How to Go About it. SIGPLAN Workshp on Progrmming Language
Curriculum,43(11), pp.59-61.

Garcia-Tudela, P., Prendes-Espinosa, M., & Solano-Fernandez, 1. (2020). Smart
learning environments and ergonomics: An approach to the state of the
question. Journal of New Approaches in Educational Research (NAER
Journal), 9(2),245-258

Guerrettaz, A. M. (2021). Materials-in-action: Pedagogical ergonomics of a French
as a foreign language classroom. The Modern Language Journal, 105(S1),
39-64.

Journal of Research in Science & Technical Education (JOREST) 259



ISSN: 2408-7538

Journal of Research in Science and Technical Education
Volume 4, No. 1, pp. (246-261), July 2024, Available at: www.jorest.org

Gudmundsen Karn, J.S. & Court, R., 2003. An Initial Study of the effect of
personality on group cohesion in software engineering projects. , (Saeki
1995), pp.149.

Gudmundsen, D. & Olivieri, L., 2012. REDUCING THE LEARNING CURVE IN
AN INTRODUCTORY PROGRAMMING COURSE USING VISUAL
LOGIC © Journal of Computing Sciences in Colleges,27(6), pp.1012.

Howell, K., 2003. First computer languages *. Consortium of Computing in Small
Colleges,pp.317331.

Kao, H. (1976). On Educational Ergonomics. Http://dx.doi.org/10.108
0/00140137608931582

Kak, A.,2013. Teaching Programming. Avinash Kak's Home page, (October), pp.15.
Available at: https://engineering.purdue.edu/kak/TeachingProgramming.
pdf[Accessed February 6, 2015]

Kaplan, R., 2009. Choosing a First Programming Language. In Proceeding of the
ACMSIGITE 2010. pp. 163164.

Karwowski, W., & Zhang, W. (2021). The discipline of human factors and
ergonomics. InG.

Salvendy and W. Karwowski (eds.), Handbook of human factors and ergonomics, 3-
37.John Wiley & Sons, Inc. Https://doi.org/10.1002/9781119636113.chl

Kurata, Y. B, Fernando, K. M. E., Butial, J. V., & Pablo, D. M. R. (2015). Usability
Evaluation of an Online Academic Portal of a Higher Education Institution
in Manila, Philippines: A Logistic

Regression and Structural Equation Modeling Approach [Paper presentation]. Asia
Pacific Industrial Engineering and Management Systems Conference, Ho
Chi Minh, Vietnam.

Kuts, M., & Lavrentieva, O. (2022). Ergonomic aspects of computer-oriented
pedagogical technologies implementation in teaching foreign languages to
students of higher education institutions. Educational Technology Quarterly,
2022(1), 88-104. Https://doi.org/10.55056/etq.9

Masterson, T.F. & Meyer, R.M., 2001. SIVIL?: A TRUE VISUAL
PROGRAMMING LANGUAGE FOR STUDENTS. Journal of Computing
inSmall Colleges,4(May 2001), pp.74-86.

Pears, A. et al., 2010. A Survey of Literature on the Teaching of Introductory
Programming. , pp.204-223.

Pitehnoee, M. R., Arabmofrad, A., & Modaberi, A. (2020). English as a Foreign
Language Elementary Learners' Perceptions of Classroom Physical
Environment with Regard to Structural vs. Symbolic Features. Journal of
Research in Childhood Education, 34(4), 496-505. Https://doi.org/
10.1080/02568543.2020.1721619

Journal of Research in Science & Technical Education (JOREST) 260



ISSN: 2408-7538

Journal of Research in Science and Technical Education
Volume 4, No. 1, pp. (246-261), July 2024, Available at: www.jorest.org

Raby, F., Baill¢, J., Bressoux, P., & Chapelle, C. (2003). Ergonomic theory and
practice: What language learners do in a self-access room? ASp. la revue du
GERAS, 67-84. Https://doi.org/10.4000/asp.1175

Shafter, C.A. & Edwards, S.H., 2007. Scheduling , Pair Programming , and Student
Programming Assignment Performance. /[EEE Transactions on Education,
1(11), pp.16.

Smith, T. J. (2007). The ergonomics of learning: educational design and learning
performance. Ergonomics, 50(10), 1530-1546. Http://dx.doi.org/
10.1080/00140130701587608

Soltaninejad, M., Babaei-Pouya, A., Poursadeqiyan, M., & Feiz Arefi, M. (2021).
Ergonomics factors influencing school education during the COVID-19
pandemic: A literature review. Work, 68(1), 69-75

Tang, J. (2020) Graduate-level career preparation for Chinese translation students: a
perspective of educational ergonomics. The Interpreter and Translator
Trainer, 14(4),405-421.

Tolan, Z. R. (2016). Educational Ergonomics and the Future of the Mind. In Google
It (pp. 363 379). Springer.

Uche M., & Okata C. (2015) Educational Ergonomics in Higher Education
Institutions in Nigeria. Makerere Journal of Higher Education, 7 (2), 133
146. Http://dx.doi.org/10.4314/ma

Vihavainen, A., Airaksinen, J. & Watson, C., 2014. A Systematic Review of
Approaches for Teaching Introductory Programming and Their Influence on
Success. In Proceedings of the ACM ICER. pp. 1926.

Warren, P., 2001. Teaching programming using scripting languages *. Consortium
for Computing in Small Colleges, pp.205216.

Wilson, J. R. (2000). Fundamentals of ergonomics in theory and practice. Applied
ergonomics, 31(6),557-567.

Journal of Research in Science & Technical Education (JOREST) 261



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

