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Abstract: Instructional robotics can play a vital role in solving some of the challenges faced by tertiary institutions
in Nigeria, especially North-Eastern universities. The main challenges hindering the effective teaching and learning
process include the lack of qualified teachers, teaching and learning facilities, and the absence of information on
how to design and develop a valid, reliable, and affordable educational or instructional robotics that will facilitate
the learning process and also supplement conventional teaching and learning methods. People are increasingly
interested in the field of robotics as an educational tool. However, few people pay attention to undergraduates. In
this study, the researchers investigated and analysed the currently available over 140 related articles to instructional
robots and their applicability in teaching and learning in different fields. It also introduces the role of instructional
robots as an indispensable tool for Science, Technology, Engineering, and Mathematics (STEM) education, its
benefits and challenges, and finally highlights the process or procedure for designing and developing a valid,
reliable instructional mobile robot for effective material handling in mechanical workshops in North-Eastern
Nigerian universities.
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1.0 Introduction

Robots are becoming an indispensable part of our society and have a great potential for being used for
technology education and STEM in general. Robots also are slowly being integrated into our society. Robotics is a
hot topic these days, wherein in 2021, many cutting edge technologies are connected with the field of robotics, like
machine learning, and Al, 1IDT, man-machine-collaboration, or autonomous mobile systems (IFR et al., 2021). In
the same vein, Robots are gradually integrating into our daily lives at home and school, enhancing their efficiency
and effectiveness. Instructional mobile robots play a crucial role in undergraduate STEM education, enhancing
knowledge development and intellectual growth (Mubin et al., 2013). Mobile robots are increasingly being utilized
in educational systems worldwide to address various educational issues.

Furthermore, Crnokic et al. (2017) pointed out that mobile robots are gaining attention from scientists and
educators due to their applications in various fields, including space exploration, underwater research, and medical
applications and by extension Industry 4.0. Educational robotics, a motivating learning environment, focuses on
creating robots that help students develop practical, teaching, cognitive, and motor skills, stimulating interest in
research and science. Robotics is increasing in pre-school, primary, secondary, and higher education.
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However, robotics systems are an excellent demonstration technology for STEM education due to their
inherent multidisciplinary nature (Merdan et al., 2017). Therefore, according to Rubio et al. (2019) robots are
divided into the following categories, including: i. Land-based (a. wheel mobile robot; b. walking or legged mobile
robot; c. tracked ship/skid locomotion; d. hybrid); ii. Air-based; and iii. Water-based. The study further described
that each system has its advantages and disadvantages. In addition, when choosing a robot platform for teaching,
many important factors need to be considered, including cost, size, functionality, and interface. Educational robot
platforms can also be roughly divided into three categories: manipulators (used for industrial robotics) Surendran et
al. (2016), legged mobile robots (Michielletto et al., 2016), and wheeled mobile robots (Browne et al. (2017). In
terms of practical or actual demonstrations or experiments, legged mobile robots are more expensive, larger, and
more complex. Platforms like the Nao robot (Kofinas et al. (2015) cost about 65,000 euros per robot, which makes
them infeasible for class sizes of more than 10 or 20. Humanoids, quadrupeds, and hexapods are all available.
However, low-cost alternatives cannot provide the required functionality [6] (Michielletto et al., 2016). He further
stressed that the wheeled robots are effective and reliable alternatives to teaching due to their unique locomotion
method, allowing for independent subsystems to function independently. Therefore, wheeled robots are effective
and reliable alternatives to teaching.

Therefore, this study will focus on wheeled robots. Wheeled mobile robots are playing a significant role in
higher education because they provide a flexible platform to explore and teach a wide range of topics such as
mechanics, electronics, software, and materials (Arvin et al., 2019). With the support of (Jajoa et al., 2010 ;
Chaudahary et al., 2016), the learning activities that can be carried out cover a full range of activities, starting with
entry-level elementary school students, undergraduates (UG), and postgraduates (PG) (Scott et al., 2015; Wang et
al., 016). This is to confirm that the instructional platform involves almost all aspects of the learning journey, but
due to a lack of sufficient instructional devices, it will affect students’ academic performance, creativity, teamwork,
and collaborative skills.

Similarly, our students' academic performance, creativity, teamwork and collaborative skills, social ability,
self-confidence, independence, and level of knowledge adaptability are affected by many factors (Browne et al.,
2017; Alimisis et al., 2009). Many researchers have revealed some of these factors. The level of previously
acquired cognitive information and psychomotor skills will undoubtedly have a substantial impact on the
knowledge to be learned. In addition, individual differences in prior knowledge are not sufficient to explain the
differences in further learning performance (Alimiisis et al., 2010). Therefore, the lack of instructional devices is
one of the main factors.

The term "instructional robot" (IR) refers to a broad category of activities, instructional programmes,
physical platforms, educational materials, and pedagogical philosophy. The fundamental goal of an educational
robot is to provide a collection of experiences to help students develop knowledge, skills, and attitudes for the
design, analysis, application, and operation of robots (Kai Wang, 2023). In the same vein, instructional robots, also
known as robot teacher, are programmed to teach technical skills, provide educational solutions, and are free of
charge for poor children who do not have access to technology (James et al. 2013). Figure 1 shows a robot teacher.
(Merdan et al., 2017) clarifies that among them, mobile robots are the most common multidisciplinary method that
can integrate different fields into one place to solve different changes and problems faced in the teaching process.
Therefore, introducing effective mobile robots that will integrate different fields alone cannot solve the problems.
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However, the successful implementation of educational innovation in schools requires not just acquiring
new technologies, but also appropriate educational concepts, courses, and environments, and incorporating teaching
methods that promote educational innovation (Alimisis et al., 2009). A study on mobile robotics in education by
Cernokic et al. (2017) demonstrates its potential for interactive lectures, exercises, and strengthening specific
knowledge and skills through design creation, assembly, and operation. And therefore, Mobile robots can enhance
learning through playful learning, teamwork, social skills, and motivation, bridging different fields and enhancing
technical skills.

1.1 Instructional Mobile Robots as a Multidisciplinary and Interdisciplinary Field

Instructional mobile robotics is a multidisciplinary field. It is naturally attractive to children and adolescents,
as well as undergraduates, because it has a clear and unique relationship with science fiction and because it is
usually embodied so that they can directly see, touch, and interact (Khailanri et al., 2013). Electronics, computer
science, material science, physics, and mathematics are examples of knowledge areas that are covered by mobile
robotics (Cronin et al., 2021). In the same vein, a mobile robot also has the multidisciplinary nature of integrating
STEM fields (Michael et al., 2013; Johnson et al., 2003). To support this assertion, Khanlari et al. (2015) explored
teachers’ views on the use of mobile robots in STEM fields. Furthermore, various authors revealed that robotics
promotes students’ thinking in STEM courses (Michael et al., 2013) and (Khanlari et al., 2015). According to
Merdan et al. (2017), it is recommended that mobile robots bring innovation and participation to STEM classrooms,
where problem-solving and team skills are cultivated. Similar study by Kim et al. (2015) has shown that the use of
mobile robotics can increase STEM participation and improve students’ interest in STEM education. Fig.2 General
Purpose Robotics Manufacturing Cell with Conveyor System for Material Handling
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Fig.2 General Purpose Robotics Manufacturing Cell with Conveyor System for Material Handling

In a related development, some studies of (Alimisis et al., 2009; Atmatzidous et al., 2008); Carbonaro et al.
(2004) suggest that educational robots can enhance students' skills in writing, reading, collaboration, and
communication. Previous studies have also shown that children between the ages of three and eight can build and
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programme simple robotics automation (Alimisis et al., 2009; Bers et al., 2002), and they can also learn powerful
ideas in science, technology, engineering, art, and mathematics. In addition, they can also learn and understand the
working principles of mobile robot material handling in the industry, markets, hospitals, workshops, and malls
(Bers et al., 2018). Therefore, the use of manipulators can help achieve the goal.

In the same way, robotic learning tools enhance students' sensory-motor and hard-eye coordination skills,
fostering collaboration and teamwork through their operation. Robotics offers fun and educational opportunities for
students and teachers by integrating academic content, allowing technical and sports-related experimentation, and
fostering narrative storytelling (Bers et al., 2018; Umam et al., 2019). By participating in this mobile robot learning
project, undergraduate students can play and understand various concepts or creative backgrounds.

1.2 The Benefits of Using Instructional Mobile Robots in the Learning Process

The rapid global transformation, driven by the interconnectedness of the internet and social forces, has
resulted in a flatter world according to Friedman et al. (2008). Digital devices like smartphones and tablets are
being used by students in studies, with research mainly on secondary schools, but early robotics use may be
beneficial (Pasztor et al., 2013). Therefore, learning activities will not lag behind technological progress. Mobile
robotics learning activities enhance computational thinking theory, allowing teachers to develop students' skills
while ensuring maximum test scores by Catlin et al. (2014). In the same vein, the effectiveness of instructional
robots in improving students' learning outcomes and professional skills, such as communication and problem-
solving, is supported by some evidence from various studies like Anwar et al. (2019).

The field of robotic systems brings together electrical engineering, mechanical engineering (or combined
mechanical, electrical, and computer science) [31]. Felder et al. (2005), which happened to be born in mechatronics
education today, where, since 1970, the term mechatronics has appeared in Japan for the first time and many
definitions have been published. Professor Kevin Craig of Rensselaer Polytechnic Institute define mechatronics as a
synergistic combination of mechanical engineering, electronics, control systems, and computer science (Grimheden
et al., 2006) (Fig. 3). The key element in mechatronics is to integrate through the design of these areas from the
beginning of the design process without passing through to allow additional components, as cited in Akonte et al.
(2014).

Fig.3 Mechatronics: Integrated Multidisciplinary (Source: Rensselaer Polytechnic Institute) (Akonte et al., 2014)

Lin et al.'s 2014 study on electronic pet robots in mechatronics engineering education highlights the need for
developing diverse learning methods to address challenges in teaching interdisciplinary subjects. Their results
further show that Project-based learning methods enhance student motivation, enhance performance, and provide
practical experience for developing skills in mechatronics system design. Habeeb et al. (2018) highlight Al, deep
learning, machine learning, and neural networks as powerful machine learning techniques for real-world problem-
solving, with instructional robots increasing globally. Robots are rapidly being used in education due to their
benefits in direct hands-on, interactive experiments, which stimulate critical thinking and understanding of physical
and technological principles, leading to a growing application in education (Eguchi et al., 2014; Christofi et
al., 2015).
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The number of studies investigating educational robots and their impact on the academic and social skills of
young learners has steadily increased. Educational robots are used both inside and outside schools to increase the
participation of K-12 students and, by extension, undergraduates in various fields of STEM education (Scott et
al., 2015), and (Wang et al., 2016). In addition, instructional robots are powerful tools that have the potential to help
teachers deliver the curriculum in most subjects and fields. (Teague et al., 2014; Papadakis et al., 2021; Elkin et al.
(2018) observed that students also believe that collaborative learning will have a beneficial impact on their learning
outcomes. Elkin et al. (2018) believes that robotics provides a unique way for children (and adults) to explore
sensors, motors, circuit boards, and other electronic components together from the inside. OECD et al. (2016) show
that education is sometimes seen as a sector that resists change, and at the same time, it faces a productivity and
efficiency crisis. Innovation can help improve the quality of education and provide more value for money” in times
of budget pressure and rising demand.

Also, Alimisis et al. (2009) believe that over the past few years, people’s interest in the educational use of
robotics has increased, and many attempts have been made around the world to introduce robotics in STEM
disciplines. Today, robotics is considered a flexible learning medium that can provide design and construction
opportunities in a short period of time and with limited funding. It has been pointed out before that the goal of
educational robotics is not entirely to teach learners to become robotic experts but to develop the basic components
of successful experts in today’s world (Chevalier et al., 2020; H. Sanchez et al., 2019; Sullivan et al.. 2021;
Sophokleous et al., 2021; Cox et al., 2021)

1.3 Challenges

At present, European STEM and technology education methods often rely on passive learning, which lacks
practicality for students to actively participate in the learning process. Current methods lack group work
environments for students to develop soft skills and qualities needed for interdisciplinary research or industrial
environments. The study explores the reasons behind the decline in interest in STEM-related research and careers
among young people in Western countries today (Alimisis et al., 2009; Christofi et al., 2015). Nigeria, a country in
Africa, faces challenges in learning appropriate skills due to the lack of effective, reliable, and appropriate
instructional devices. Literature has reported the causes for this dismal performance in education is attributed to
traditional methods, poor learning environments, lack of laboratories, and resistance to innovative strategies.
Nigeria must adopt better instructional strategies and resources, including a learner-centered technology learning
package, to effectively engage with the 21st-century economy's digital natives (Gambari et al., 2013). Beer et al.
(2013) also stated that previous research indicated that early childhood educators lacked knowledge and
understanding of technology and engineering; their findings revealed that levels of technology, self-efficacy, and
attitudes towards technology improved statistically significantly.

According to Jegede et al. (2012) stated that insufficient instructional material in technical education and
STEM leads to students' imaginations being stretched too far due to excessive word use, which is boring and
demoralizing. Traditional teaching strategies heavily rely on teachers, with poor performance due to low quality
and lack of necessary technology equipment, facilities, materials, and tools. Fig. 4 Traditional and Multimedia
Learning Process. Therefore, educational robots (ER) are an emerging field of technology-enhanced learning
(TEL) in which learners are introduced to robotics and programming through a variety of activities, often as part
of what is known as STEM education (science, technology, engineering, and mathematics), an educational model
in which the aforementioned disciplines are taught naturally for the practice of theory.

As a result, from an inventive standpoint, this effort is seen as a special sort of intervention in the sphere of
education. Although the pedagogical intervention and better instructional composition in this research have already
been confirmed to be valid, robot integration is not always successful. It is also possible to test whether the robot
effect has benefited learning rather than the games themselves. Particularly in initiatives that involve technological
innovation like Industry 4.0.
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Fig. 4: Traditional and Multimedia Learning Process (Haruna, et al., 2020)

The Federal Government of Nigeria purchased a series of equipment and tools through the Tertiary
Education Trust Fund (Tetfund) and distributed them to various colleges of education, polytechnics, universities,
and other related institutions (Oyo et al., 2010). Some of the equipment and tools are not installed correctly for the
correct use of students, teachers, instructors, and lecturers. (Uzoagulu, 1993) observed that, unfortunately, a large
number of equipment and tools imported by the country to accelerate technical education and STEM education
have not been uninstalled and cannot meet the demand. Uzoagulu further explained that some STEM lecturers use
Tetfund scholarships to conduct domestic and foreign training programmes to improve their skills; unfortunately,
due to the above problems, most students do not show the acquired skills and knowledge.

Consequently, Traditional teaching strategies may lead to student disinterest, poor performance, negative
attitudes, poor retention of learning materials, and potential loss of employment opportunities or self-employment
for graduates. Hitherto, the increasing youth unemployment in Nigeria may be linked to the widespread use of
conventional methods in teaching technical courses. The government has implemented numerous educational
policy reforms to enhance the quality of technical education and STEM education in general over the years.
However, the government’s effort remains unfruitful as the quality continues to dwindle (Nafees et al., 2012).
Educational robots can play an important role in addressing some of the challenges faced by higher education in
Africa (Ernest et al., 2019). Nigeria will not be spared from the challenges.

Empirically, there are at best scanty studies on the design and development of an instructional mobile robot.
This study aims to design and develop an instructional mobile robot for effective learning of material handling in
mechanical workshops in north-eastern Nigerian universities.

2.1 Development of an Instructional Mobile Robot

Instructional models, materials, and software enhance conventional methods in education, especially TVET
schools, and integrate STEM through ICT, revolutionizing classroom activities. Instructional materials are crucial
tools in school curriculums, allowing students to interact with words, symbols, and ideas, developing their abilities
in reading, listening, solving, thinking, speaking, writing, using media, and technology. They include printed and
non-printed items (Faize and Dahan, 2011; Bukoye et al. (2018).
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The use of a reliable mobile robot model in mechanical technology workshops in North-Eastern Nigerian
universities aims to teach students effective material handling tasks, as cited in Haruna et al. (2020). Didactic tools
are crucial for effective and real-time learning, enhancing students' understanding and clarifying concepts, as noted
by Anwar et al. (2019). The development of a reliable instructional robot model involves various steps,
encompassing areas like perception, cognition, and navigation, as per research by Toke et al., 2020 and Cronin et
al., 2021. The foundation of robotics encompasses areas like locomotive, perception, cognition, and navigation :
Mechanics, kinematics, dynamics, and control theory are used to address locomotive problems; Perception
encompasses signal analysis, computer vision, and sensor technologies; Cognition analyses sensor data and
performs actions to fulfil the objectives of the educational mobile robot; Navigation necessitates expertise in
planning algorithms, information theory, and Al, as per Nourbarkhsh et al. (2004). The locomotion system is
crucial in mobile robot design, influenced by factors like maneuvering, control ability, terrain conditions,
efficiency, and stability, and is determined by various factors (Rubio et al., 2019; Cronin et al., 2021; Nandivale et
al., 2018).

Arvin et al. (2019) studied the development of an autonomous micro-mobile robot (AMIR) for swarm
robotics research and education. The study identifies the feasibility of a mobile robot for educational purposes,
focusing on its design for effective material handling in mechanical workshops. Zeb et al. (2007) studied the design
and development of mobile robots for radiation protection assistance. The RPAR, a three-wheeled platform and
four-degree articulated mechanical arm, aids in radiation mapping, handling, and transportation of radioactive
material, requiring optimal kinematics and manipulator Jacobean analysis.

Previous research, such as Tareen et al.'s (2016) research on the robust arm autonomous mobile robot
highlights the importance of successful multi-disciplinary design in achieving a comprehensive view and effective
methods in mechatronics design, and teaching young engineers. Sadlauer et al.'s 2013 research on Trikebot explores
mechatronics design and product development, revealing that the affordable price point of physical and electronic
robots is achieved for daily use. Hsiu et al. (2019) conducted a study on the design of low-cost, expressive
educational robots, finding similar results but slightly different outcomes. Fig.5 Product Development Process.

The Educational Robot Attitude Scale (ERAS) is an effective tool for measuring students' attitudes towards
humanoids in educational environments (Sisman et al., 2018). Other studies have used scaffolding tools to link
programming content and problem-solving skills in robot programming (Purnakanishtha et al., 2014; Khamis et
al., 2006) found that mobile robots can be used to create new courses or update traditional ones. Liu et al. (2008)
developed multimedia teaching materials for robotic education, which were effective and achieved high student
satisfaction. Previous studies on instructional material design and development agree with this review, including
(Froiz-Miguez et al., 2018; Juan et al., 2013; Miller et al., 2015; Bingham et al., 2015)

At present, with the rapid development of advanced intelligent robot industry, all walks of life are using
robots to replace humans in some relatively dangerous and repetitive tasks, mainly in rescue, guidance, service, and
other work Yang, C., Shuliang, H., & Yong, Y. (2020). In the field of education, robots also play a very important
role. An educational robot is an intelligent tool for assisting learning developed in the field of education. The use of
intelligent educational robots can cultivate students' creativity, analytical ability, and imagination (Henkemans, et
al. (2017). Educational robots, with their openness, intelligence, and good human-computer interaction, can
significantly improve students' attention and concentration in low-grade teaching activities. They can also serve as
educational companions, allowing learners to learn about robot interaction after class, embodying the concept of
education (Nam, 2013). It is very unfortunate and frustrating that robotics is not given the attention it deserves in
Nigeria and that the government has failed to include it in the secondary school curriculum, which has certainly
limited our technological capabilities. There have been numerous attempts in the past by individuals, private
companies, and cooperative agencies to help in this regard. However, these are not enough. One wonders why
robotics has not been fully and formally incorporated into the Nigerian secondary school and university curricula.
As far as economic and technological progress is concerned, some senior officials in the government may not
believe that the introduction of such technology will have any meaningful impact.
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Fig.5 Product Development Process (Sadlauer, et al., 2013)

2.2 Validity of the Instructional Mobile Robot and Test Instrument

Validity refers to the extent to which exam items meet students' practical competencies, and is crucial in
designing and developing effective test instruments and instructional devices (Haruna, et al., 2021). According to
Nwabueze (2009), validity is the degree to which a test measures what it is designed or made to measure. An
instrument with high validity will accurately measure the particular qualities it is supposed to measure (Felder et
al., 2005; Shyr et al., 2011). In this review, the validation was divided into two categories, which include
developing instructional mobile robots and test instruments for testing the effects of the developed instructional
mobile robots. Researchers can choose between questionnaires that may have some evidence of validity and
reliability (Krageloh et al., 2019). This review examines psychometric scales for understanding social acceptability
in robots, considering psychometric attributes, questionnaire theoretical rationality, item development, and project
project. This review examines psychometric scales for understanding social acceptability in robots, considering
psychometric attributes, questionnaire theoretical rationality, item development, and project (Siddiqui et al., 2014;
Platsidou et al., 2009; Kothari et al., 2004). This study will also conduct a descriptive analysis to check response
distribution, including mean, frequency, correlation matrix, factor analysis, factor loading, and total Pearson
product moment, using these as selection standards by Purnakamishtha et al. (2014)
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2.2.1 Practical Parts of the Validation

After the design and development of the instructional mobile robot are completed, it needs to be verified and
tested for reliability before it can be used in university teaching and learning material handling (Germanotta et al.,
2018). This review discusses the design, development, verification, and testing of robotic systems for undergraduate
students, addressing challenges in interactive architecture and verification and validation, focusing on hardware,
software, and environmental interaction.

IEEE-STD-610 defines verification as a test to prove a system meets requirements at a specific stage, while
validation ensures stakeholder needs are met. These activities are carried out at various stages of the development
process, starting with verification activities. In the final stage, Validation actions are frequently required at the
conclusion of the process to ensure that the system is providing the expected services (Yazici et al., 2021; Luckcuck
et al., 2019). In this study, this study will also utilize methodologies like Model Checking, simulation-based testing,
and user end validation to simulate human-robot interaction, overcoming the limitations of each technique to
achieve varying levels of modeling detail (Webster et al., 2020).

Scholars argue that educational mobile robots should be autonomous, make decisions, and cooperate with
people. To ensure their reliability and trustworthiness, formal verification and validation procedures will be used, as
supported by various studies. This will ensure their performance meets expected standards (Matthiesen et al., 2015;
Dixon et al., 2016); Agirre et al., 2020); Froiz-Miguez et al., 2018; Fisher et al., 2021). Fig.6 Framework For
Collaborative of “V”’ and “V” of Instructional Mobile Robot.

4
X .
X > Experiments
L !
n ! U =
& o)
0 : @)
& =
4 =
g | E - Simulation-
7B w Based Testing
s 3 T ~
s B il i
(b}
= o
1 ulvy
2 I C
X Formal
: Verification
I - -
More Realistic, L&SS v
Coverable I

V&V TECHNIQUES

More Realistic, Less Efficient
Fig.6. Framework For Collaborative of Verification and Validation of Instructional Mobile Robot

On the other hand Failure Modes and Effects Analysis, FMEA is a step-by-step method used to validate
design, manufacturing, assembly processes, products, or services, pioneered by the US military in the 1940s,
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identifying potential flaws and their repercussions (Ford., 2011). Researchers like (Siemens., 2016; Shrotri, et al.,
2016; Sharma, et al., 2018; Mascia, et al., 2020) have emphasized the method. The process of identifying failure
modes in FMEA involves the following steps as stated in the previous researches above:

Step 1: Identify potential failures and effects. The first FMEA step is to analyse functional requirements and their
effects to identify all failure modes.

Example 1. Warping, electric short circuits, and fracture modes in one component can induce them in
others. List all failure modes per function in technical terms, considering the ultimate effect(s) of each failure mode
and noting the failure effect(s). Examples of failure effects include overheating, noise, abnormal shutdowns, and
user injury.

Step 2: Determine severity. Severity is the seriousness of the consequences of failure.

Example 2: Usual practice rates failure effect severity(s) on a scale of one (1) to 10, where 1 is the lowest
and 10 is the highest. The following table shows typical FMEA severity ratings and their meaning.

Table 1: Determine severity

s/no. |Rating |Meaning

|
11 i INo effect, no danger |
A IVery minor—usually noticed only by discriminating or very observant users |
3 |3 IMinor-only minor part of the system affected, noticed by average users |
4 |46 |Moderate: most users are inconvenienced and/or annoyed. |
5  |7-8  |High loss of primary functions, users are dissatisfied |

Very high-hazardous, product becomes inoperative, customers angered. Failure
constitutes a safety hazard and can cause injury or death.

‘6 HQ-lO

Step 3: Gauge the likelihood of occurrence
Examine each failure mode and how often failure occurs. Look at similar processes or products and their

documented failure modes. Examples of causes include incorrect algorithms, insufficient or excess voltage, an
operating environment too hot, too humid, etc., and failure modes assigned an occurrence ranking of (0), again one
to 10, as shown in Table 2.

Table 2: Gauge the likelihood of occurrence

s/no. |Rating [Meaning |
1 s INo documented failures on similar products or processes |
2 12-3 ILow-relatively few failures |
3 l4-6 IModerate-some occasional failures |
4 |7-8  |High-repeated failures |
5 ]9-10 | Very high-hazardous, product becomes incorporative, customers angered |

Step 4: Failure detection

After remedial actions are determined, they should be tested for efficacy. Also, the design should be verified,
and inspection procedures should be specified.

1. Engineers inspect current system controls to prevent failure mode occurrences or defect failures before they
impact users or customers.
2. Identify techniques used with similar products or systems to detect failures.
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The steps enable engineers to determine the likelihood of identifying or detecting failures. Then, each
combination from steps one and two is assigned a detection value (D), which indicates how likely it is that failures
will be detected and ranks the ability of identified actions to remedy or remove defects or detect failure. The higher
the value of D, the more likely the failure will not be detected.

Table 3: Failure detection

s/no. |Rating [Meaning

1 |1 IA fault is certain to be caught by testing.
2 |2 IFaults are almost certain to be caught by testing.

4 |46 |Moderate probability that tests will catch fault
5 I7-8 ILow probability that tests will catch fault
6 19-10 | The fault will be passed on to the user or customer unidentified.

|
|
|
3 3 IHigh probability that tests will catch fault |
l
|

2.3 Reliability of the Instructional Mobile Robot

Automation and robotization are replacing human jobs, particularly in repetitive, high-precision work and
tasks requiring physical strain. Industrial robots perform complex tasks without tireing or becoming bored.
According to a study, human operators are found to be significantly more reliable than their automated counterparts
(Piotr, B., Grzegorz , G., & Adrian, K., 2020). Industrial robot reliability is a complex issue linked to safety
regulations and specific robot-related difficulties, including near failure situations, hardware and software failures,
singularity, and human errors (Adrian, 2018). The study further stated that safety is crucial in the workplace, as
robot accidents, often fatal, are more often caused by human error than robot failure.

Similarly, Engleberger began researching robot reliability in 1974 with the publication of a summary of
three million hours of labour by the first industrial robot, Unimate (Engleberger, 1974). Dhillon presents a fairly
extensive study of the topic in his book, which addresses the difficulties of robot dependability and safety,
including mathematical modelling of robot reliability and some examples (Dhillon, 2012). Ref. (Dhillon, 2012)
provides a study of articles on robot dependability up to 2002, and the book (Dhillon, 2007). List some of the
major newer works on robot reliability and related fields.

The reliability of items such as machines or robots is defined as the likelihood that they will function well
for a particular period of time under specified working conditions. The general formula for calculating robot
dependability is (Sharma, & Srivatava, 2018):

R.() =exp(—[ 4, (1)dt) coorerrrrrnn (1)

Where:
Ri(t) is the robot reliability at time t,
A(t) is the robot failure rate.

In practice, for description of reliability, in most cases the MTTF (Mean Time to Failure) parameter is used,

which is the expected value of exponentially distributed random variable with the failure rate Ar (Sharma, &
Srivatava, 2018).

MITF = [T R (Ot =[Te¥dt=— . (2)
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In real industrial environments, the following formula can be used to estimate the average amount of
productive robot time, before robot failure (Sharma, & Srivatava, 2018):

PHR - DIDTRF r
MITF =" 777777 e, (3)

NRF

Where:

PHR — is the production hours of a robot,

NRF — is the number of robot failures,

DTDTREF - is the downtime due to robot failure in hours,
MTTF — is the robot mean time to failure.

In the case of repairable objects, the MTBF (Mean Time between Failures), and the MTTR (Mean Time to Repair)
parameters, can be used.

MTBF=MTTF+MTTR ...oecvevveerrrennn. (4)

The reliability of the robotic system depends on the reliability of its components. The complete robotic
workstation includes:

A. Manipulation unit (robot arm),

B. controller (computer with software),

C. equipment (gripper, tools),

D. workstation with workpieces and some obstacles in the robot working area,

E. Safety system (barriers, curtains, sensors).

On the other hand, Reliability refers to an entity's ability to perform its functions under specific conditions over a
specified timeframe, involving both prediction and experimental evaluations (Felder, & Spurlin, 2005). Uzoagulu
(1998) argues that Kuder-Richardson formula-20 (KR20) is a more reliable measure of homogeneity due to its
reliance on the availability of different paper response types by (Kothari, 2004).The project's reliability and internal
consistency of the test instrument will be assessed using Kuder-Richardson formula-20 (KR20) which is a special
case of coefficient a, where pj represents the proportion of correct answers for each dichotomous item (Yj = 1 and
Yj = 1) for item j.

However, in Fuebues et al. (2011) emphasize the dependability of measuring instruments, referring to their
consistency in measuring phenomena and the design and development of the items they measure. Similarly,
utilizing mobile robots for undergraduate material handling learning ensures students learn the correct method in
mechanical workshops as observed by (Haruna, et al., 2021; Mang, 2018; Platsidou, et al., 2009) As a result, the
instrument will undergo a pilot test with a small sample of university students to ensure reliability and internal
consistency. The response will be assessed to determine its internal consistency (low-high). Therefore, the validity
and reliability of the proposed method are confirmed, and its impact on students is then tested.

2.4 Effectiveness of the Developed Instructional Robot

The study will conduct an experimental study to evaluate the effectiveness of an instructional mobile robot,
ensuring its validity and reliability in accordance with scientific research design. According to Haruna, et al. (2021)
the experimental procedure involves a hypothesis, manipulable variables, and measurements, with data collected to
support or reject the hypothesis, as illustrated in Fig. 7 Experimental Procedure
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Fig. 7 Experimental Procedure

The empirical evidence of the influence of modern technological instructional devices, especially robots,
also shows that students who teach with them perform better than those who teach with traditional methods. For
example, Chen, et al. (2019) conducted a study on the topic of English, comparing the effects of instructional
device strategies and traditional teaching methods. Their research results show that students who use an
instructional device to teach perform better than students who teach using traditional methods. Similarly, other
researchers found similar results, like those of (Kazakoff et al., 2012; Hsiu et al., 2019; Catlin et al., 2012; Rahman
et al., 2021). In contrast, Fagin et al. (2014) and Cook et al. (2021) found that the group taught with methods
performed almost similarly to that of the treatment group, where Fagin et al. (2014) observed that the factor
responsible for the similar result was the lack of a simulator for robotics programming.

In the same vein, Sullivan et al. (2019) conducted a study on the Vex robot competition: gender differences
in students’ attitudes and experiences. A study of 675 Vex mentors and students found male students have more
confidence in their technical abilities, suggesting that instructors should focus on enhancing female students'
confidence in robotics construction and building. Therefore, this study is consistent with the studies of (Barker et
al., 2018; Andic et al., 2015; Chin et al., 2014; Karaahmetoglu et al., 2019) but in a different instructional device,
subjects, themes/topics, levels, and countries, they have the same focus. Therefore, this review differs from the
above-mentioned studies in some respects but maintains a similar focus.
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In addition, previous studies also proved that instructional devices, especially robots, have a significant
impact on students’ achievement and performance, such as (Smith et al., 2019; Finta et al., 2018; Chang et al.,
2010; Anjararwati et al.,, 2016), Some studies have revealed the impact of integrating robots into science,
technology, engineering, and mathematics (STEM) by Cheng et al. (2018).

2.5 Overview of Material Handling

A material handling system is described as the loading and unloading of automated equipment. Material
handling technology is designed to minimise operator involvement and product movement (Cronin et al., 2021).
Similarly, in the American Material Society Journal, as cited in Nandivale et al. (2018), "material handling
functions include all types of movements: vertical handling, horizontal handling, or a combination of both of all
types of fluid, semi-fluid, and discrete items, and movement of materials required for parking and storing. (Angerer
et al., 2012; Shneier et al., 2015) provide criteria for using mobile robots in industrial applications, including
changing environments, handling heavy weights, transporting components, offering a wide range of parts, and
allowing interactive work.

Furthermore, according to the U.S. Department of Labour defines material handling as using hands for
various tasks, with fingers only used for extending the hand, such as turning switches or shifting gears (Dir. et al.
(2007). Dir. et al. (2007) further stated that improving the workshop can prevent injuries, energy and time waste
due to physical conditions from material handling. Organizations can improve productivity, reduce workload, and
reduce risk factors for musculoskeletal diseases by adjusting job requirements and employee capabilities, thereby
reducing costs, absenteeism, and restraint (Ning et al., 2014; Portell et al., 2019).

Shirley et al. (2009) and Barosz et al. (2020) highlight the use of mechatronics concepts in material handling
and logistics, enhancing classroom exercises, laboratory experiments, and design tasks. Katkar et al. (2015)
explored obstacle-functioning material handling robots in manufacturing, highlighting their importance in non-
automated industries. They highlighted the need to address issues like transportation and fatigue caused by manual
material handling for efficient operations. Melo et al. (2020) and Bresher et al. (n.d.) emphasize the necessity of
adaptable, user-friendly robot systems in small and medium-sized businesses for various applications and material
handling tasks.

2.6 Finite Element Analysis (FEA)

Computer-aided design (CAD) is a tool that provides a computer-based engineering approach to mechanical
engineering system design and stress analysis (R. Shih., 2016). The study further stated that the use of CAD
programmes is becoming increasingly common in the engineering profession. A designer can use an AutoCAD
programme to create a system or part and then test it using finite element analysis, stress analysis, or computer
geometric modelling. Based on the AutoCAD drawings, engineering systems can subsequently be constructed
utilising machining centres, lathes, mills, or prototyping machines. Autodisc's finite element analysis feature will be
used to test the materials and loads on the instructional robot frame. Therefore, design-to-manufacturing cycle
CAD/CAM systems aid in the automation of design and manufacturing tasks. In most manufacturing companies,
the overall design of the production process is broadly similar (John, 1994) as represented in Figure 8 the design to
manufacturing process.

Finite element analysis (FEA) is a method for calculating the basic stress on a designed system (R. Shih.,
2016). FEA uses AutoCAD to analyze forces and moments on design, calculating displacements, strains, and
stresses, revealing design flaws and safety aspects. The finite element approach (FEA) is a computational method
used to generate mathematical equations for complex 3D drawings, representing complex systems or parts. As a
result, the system must be split down into small pieces (the "finite elements") that can be easily calculated and
solved. Finite elements can be one-dimensional, two-dimensional, or three-dimensional (Spatial, et al.2019).
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Fig.8. the Design to Manufacturing Process

3.0 Flow Chart of Present Research
Figure 9 depicts the flow chart of the current study.
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The flowchart above describes how the study will be carryout from the introductory, literature review, research
gaps objectives up to methodology.
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Table 4:Mapping Summary of the Review

Development and
Evaluation of an
Instructional Video
for Teaching Sand
Casting at the
Technical College

video, sand
casting

students

mean, and multi-
stage approach

the sand casting
instructional video was
effective for teaching and
learning sand casting.

About the Author(s) VARIABLES METHODOLOGY RESULT(S)

S/No. Author, Title, and Country Independent Dependent Design Statistical Tools Findings Gaps
Reference No. Variables Variables

1 Toke et al. (2020): India Robot Material handling | Instrumentation design | Qualitative It improves efficiency, The researchers
Design and approach maximises space, primarily focused on
Development of a reduces accidents, and the design and
Material Handling saves money. development of
Robot robots, emphasizing

their importance as
learning tools..

2 Pasztor et al. Hungary Mobile robots IT engineers and Experimental(qualitati | Mean, Standard The results indicate that | There is a need to
(2013), Mobile in teaching their effects ve) Constructive Deviation, t-test, using mobile robots apply it to different
Robots in Teaching programming approach, project- Cronbach alpha, could improve the fields and countries.
Programming for IT based method performance and
Engineers and Their Spearman- attitudes of IT students.

Effects correlation

3 Ernest et al. African Affordable Students in Experimental Relative Scoring: | The researchers The article
(n.d.): Affordable Universities mobile robotics | African (qualitative) ***=(Very Good, | presented available and emphasizes the need
Mobile Robotic universities **=Good, affordable mobile robotic | to focus on specific
Platforms for *=Basic, platforms for teaching African universities
Teaching Computer -=Missing) computer science in and different
Science at African African universities. subjects or topics in
Universities teaching computer

science..

4 Khanlari (2013): Canada Robotics Skills Qualitative Code-based There is improvement in | The study's inability
Effect of Robotics on builder software students’ creativity, to specifically
21%-century Skills teamwork, collaboration, | examine the impact

self-confidence, and of robotics on
independence. specific grade levels
underscores the need
for further research..
Haruna et al. (2020). | Nigeria Instructional Technical college Instrumentation Frequency counts, | The result revealed that The present study

will look at different
perspectives, such as
an instructional
robot, material
handling, and
undergraduate
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Level in Nigeria students.

5 Lin et al. (2021): Tokyo Robot patient Transfer skills, Quantitative and Mean, standard The result reveals that To measure the
Development and equipment nurses Qualitative deviation, and t- most transfer steps effectiveness of the
Validation of Robot (Experiment) test affected the simulated learning and skill
Patient Equipment patient and the robot improvement of the
with an Inertial patient, which nurses. Therefore,
Measurement Unit demonstrated that the this present study
and Angular Position robot patient is a suitable | will look into it, but
Sensors to Evaluate substitute for an actual with the students and
Transfer Skills patient. material handling as
Nurses a topic.

6 Sullivan et al. USA VEX Robotics | Gender (both quantitative and | Mean, Male students are To track the mentors
(2019), VEX Competition Differences in qualitative) significantly more and students in order
Robotics Student Attitudes Standard confident in their general | to gain information
Competition: Gender and Experiences Deviation, technical ability and their | on retention and
Differences in ability to put things change over time.
Student Attitudes t-test together.
and Experiences Y

7 Sisman et al. (2018). | Turkey Educational Secondary school | (both quantitative and | Exploratory factor | The findings of the study | This study explores
The study focuses on robot attitude students, qualitative) analysis (EFA), reveal that the scale is human-robot
creating and scale interactive Cronbach alpha, t- | valid, reliable, and interaction in an
confirming an learning test, mean, and efficient for measuring educational context,
Educational Robot environment standard deviation | the dimensions of considering robots as
Attitude Scale students attitudes increasingly subject
(ERAS) for towards humanoid robots | agents.

Secondary School in educational settings.
Students in an

Interactive Learning

Environment

8 Purnakamishtha et al. | Thailand Problem- Robot (both quantitative and | Kuder-Richardson | Their result reveals that The present study
(2014). Development solving skill programming qualitative) Formula KR20 the test can bridge the will look into
and Validation of a test using scaffolding content of robot evaluating
Problem-Solving programming and undergraduate
Skill Test in Robot problem-solving skills, students using an
Programming Using and it is also useful for instructional mobile
Scaffolding Tools evaluating the skill robot and material

progress of secondary handling as a topic.
school students.

Proposed study Anticipated Outcome(s) | Gaps

Abdullahi 1. Haruna(2021) | Nigeria Instructional Effective Instrumentation & | Mean, - it will improve | -lack of wvalid and
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Design and Development of an Robot Learning Material | Experimentation Standard students’ academic | reliable facilities
Instructional Robot for Effective Handling, design(Both Deviation, performance, creativity, | - Overcrowded
Learning Material Handling in Students, quantitative & | t-test, Cronbach | team-working and | classroom
Mechanical Workshops in qualitative) alpha, collaboration, self- | - lack of qualified
North-Eastern Nigerian Spearman- confidence & | teachers
Universities correlation independence, and social

ability of undergraduates

in STEM education.
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4.0 Conclusion

There are discrepancies in the performance, creativity, teamwork and collaboration, self-confidence and
independence, and social ability of undergraduates in STEM education all over the world, particularly in Nigeria's
North-Eastern universities (Ifeyinwa, 2020). The instructive mobile robot bundle will help to bridge the gap. This
study demonstrated that instructional mobile robots have the potential to boost students' performance, creativity,
teamwork and collaboration, self-confidence and independence, and social ability in STEM and other related
subjects. Previous studies advised, and this study anticipates, that lecturers, teachers, and instructors be trained,
motivated, and encouraged to employ technological resources, particularly instructional mobile robots, in their
workshops and classrooms for learning and how to integrate STEM education through instructional robot Hassan,
et al., 2020).
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