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ABSTRACT                                                                                                                                                                                                         Published Online: May 04, 2023 

Online learning was created as a result of the huge industry disruption that occurred in March of 2020. 

Online education presented unique difficulties for learning in an entirely virtual setting with a 

concentration on psychomotor skill development, calling into doubt its efficacy. Finding a practical 

replacement for lab-based hands-on activities and group or team-based learning experiences was 

extremely difficult for technology education. This study compares the COVID-19 time to the pre-

COVID period to assess how effective online teaching and learning experiences were in technology-

based education. Just 20 randomized controlled trial publications, out of which 15 studies were used in 

the meta-analysis, were included in the review after an electronic search of the literature. Using Review 

Manager 5.3 to examine the data, Cochrane's 2 test and I2 were used to determine heterogeneity. The 

meta-analysis shows a very reliable sensitivity analysis and a substantial pooled effect size of (SMD = 

4.49 @ 95%, CI = 2.37 - 3.63 @ p.00001) from the test scores in favor of the experimental group. The 

results of the included studies' sub-item achievement test results reveal a statistically positive difference 

in every category of welding skill tested. Studies demonstrating the effectiveness of online pedagogy in 

the covid era are the source of the current statistics. These results point to the need for additional 

investigation into the development of psychomotor skills in other technology education courses. 

 

 

 

 

 

 

 

 

 

1. INTRODUCTION 

Over 80% of the world's students (or roughly 1.723 billion 

learners as of April 21, 2020) were not in school as a result of 

the pandemic's impact on educational systems around the 

world during the COVID-19 era, which resulted in the 

widespread shutdown of schools, universities, and 

institutions. Five (5) local closures and 191 countrywide 

closures, affecting about 99.4% of the global student 

population, have been enacted [1]. School closures have 

affected several stakeholders, including students, teachers, 

and families, in addition to having an economic and societal 

impact [2-4]. To solve this issue, UNESCO recommended 

using open educational resources and platforms, such as 

distance learning programs, to engage students remotely and 

minimize disruptions to the educational process [5, 6]. Higher  
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education institutions (HEIs) across the world started 

operating remotely via online platforms for Emergency 

Remote Teaching and Learning (ERT&L) [7, 8]. However, 

many academics have questioned whether HEIs are ready to 

transition to the digital era of learning because of this [9]. 

 

During the outbreak, there was also a disruption in 

technology-based education [10]. Technical institutions were 

closed for the students, and educational and research 

activities stopped. This sudden halt due to the COVID-19 

crisis has many implications on vocational education and 

training opening a new surge in the exploration of new ways 

for continuing education distantly.7 it wasn’t news that the 

COVID-19 crisis brought all laboratory-based research 

activities to a standstill. During this stay-at-home time, 

vocational educators have resorted to different creative ways 

of delivering practical skills remotely. Moodle, Blackboard, 

Zoom, IJILT, Google Classroom, Google Meet, Skype, 

Google Forms, Calendars, G-drive, Google Hangouts, 

Google Jam Boards, and Drawings have been the most widely 

used systems for online instruction during COVID-19. Other 

e-conferencing platforms, such as WebEx, Instagram, 
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Twitter, Facebook Live, Google Meet, Skype, YouTube Live, 

WhatsApp, Google Drive, and Facebook Live were also 

utilized by some institutions [11]. Though, most of these 

remote learning platforms have been in use for a long time 

and were found to be useful during the crisis in Afghanistan, 

Africa and Far-eastern countries.13. Teachers and students 

were encouraged to make use of online study materials, either 

uploaded by the institutions or videos available on the internet 

for teaching and learning.14 Many institutions implemented 

small group problem-based learning (PBL) and case 

presentation and discussion to engage the students.15. 

Anderson and McCormick (2005) enumerated factors for 

which ERT&L should focus such as i. curriculum 

compliance; ii. inclusivity; iii. learner involvement; iv. 

innovative learning; v. effective learning; vi. formative 

evaluation; summative evaluation; vii. coherent, consistent, 

and transparent; viii. the device is easy to operate and use; 

and ix. cost-effectiveness. Additionally, [12] stresses the 

value of i. interaction between students and teachers, ii. 

student participation, iii. an active learning environment, iv. 

prompt feedback, v. attainment of learning objectives, and vi. 

respect for differences.  

ERT&L allows synchronous or asynchronous teaching [13]. 

All of these different ERT&L models should be beneficial as 

long as the online learning principles are used correctly and 

effectively. Because when properly used, flipped classrooms 

or blended learning methods have been proven highly 

successful in remote teaching. A synchronous learning 

process allows for real-time communication between students 

and lecturers as well as between students themselves during 

class time. While, Ansikronus permits students to study at 

various times within a predetermined period, resulting in 

indirect engagement and communication. In a technology-

based laboratory setting, psychomotor skills are typically 

taught using the Ansikronus model, allowing for a safe, 

controlled environment where students can master skills at 

their own pace. The benefits of simulation for learning 

psychomotor skills are numerous. Although the three learning 

domains of emotive, cognitive, and psychomotor are all 

present in psychomotor skills, they do not exist 

independently. Each learning domain has traditionally been 

taught separately, yet all are required when teaching technical 

content [14]. According to [15] experiential learning theory, 

believes that learning is a continuous process based on 

experience, students learn most successfully when the 

learning procedure incorporates pertinent psychomotor, 

cognitive, and emotional knowledge. The COVID-19 

pandemic increased the difficulty to perform hands-on 

training effectively. Hence, virtual simulation (virtual reality 

(VR) and augmented reality (AR)) is the potential and timely 

solution for these problems. In the VR application, the users 

immerse in the virtual world and interact with the virtual 

objects while the AR application, on the other hand, displays 

the virtual information in front of the users’ vision when 

viewing the real-world environment allowing students to 

interact with virtual objects by using real objects. All learning 

domains must be included in technical skills in ERT&L. 

According to [16] allowing students to fully synthesize the 

related knowledge before applying it in a real-world setting. 

Reduced anxiety and enhanced self-confidence are attributes 

of motor skills that make it easier to transfer knowledge [17-

19] . The objective s for students to more readily apply what 

they learn in simulation to actual settings because skills 

simulation matches real-life scenarios [20]. 

 

Effectiveness in the context of teaching often refers to the 

kinds of activities that result in or support learning [21, 22]. 

To put it another way, good teaching promotes student 

learning [23]. We refer to ERT&L effectiveness in this article 

as the capacity of e-learning to produce the desired output of 

equipping students with the knowledge and abilities that will 

increase their life opportunities and help them prepare for the 

workforce and self-employment. For better preparing the 

trainees for the certified examination, [24] propose adding 

new welding procedures to the virtual workshops.  

Additionally, numerous earlier studies investigated the 

efficiency of VR or AR assistance for beginning welders [25]. 

Several research studies [26-28] of VR or AR welding 

training workshops reported that VR and AR techniques are 

recently attaining more attention in vocational welding 

training, especially during the COVID-19 pandemic. [24] 

evaluated the effectiveness and impact of the VR or AR 

welding training workshops on the learning experience and 

performance of the welders using professional organizations 

such as the American Welding Society (AWS) and The 

Welding Institute (TWI) authorized welding examinations. 

They discovered that the VR intervention group 

outperformed the conventional group, with a 41.6% increase 

in total certificates obtained. Additionally, [29] conducted a 

study in which they contrasted the effects of full VR and VR-

integrated training on both cognitive and physical skills for 

welders. In the VR-integrated training group, real welding 

instruction made up 50% of the training time and 50% of the 

training was done in virtual reality. After the course, the 

actual welding inspection was needed by both groups. 

According to the findings, the VR-integrated training group 

outperformed the complete VR welding group in challenging 

welding positions. To attain the finest welding abilities, 

virtual and real-world practical training must complement 

and integrate [29, 30], use of the VR welding simulator 

allowed them to compare the welding quality scores between 

the expert and novice groups [31]. It is expected that even 

after this COVID-19 pandemic is over, some sort of e-

learning and online evaluation strategies may take place in 

the vocational education system. Hence, to ensure that virtual 

training is effective in successfully transferring practical 

knowledge in vocational-based education, more reality must 

be added to it. 
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2. LITERATURE REVIEW 

2.1 Effectiveness of ERT&L 

Several studies [32, 33] show that online learning helps 

learners develop a variety of abilities and a high level of 

competence. According to research, e-learning allows 

students to learn at their own pace whenever and wherever 

they choose, promoting flexible learning and reducing 

expenses, labor costs, and time [34, 35]. Also, it has been 

found that students reinforce their understanding of the 

material by repeating it as many as they like by their learning 

pace and style [36]. By taking on their learning 

responsibilities, students perceive themselves as being more 

involved in the learning process [37]. Additionally, when 

technology is used effectively for online learning, educational 

activities are carried out outside of the traditional classroom 

setting. Several research on online learning has shown that 

the disparities in student learning rates are taken into account 

and that equal opportunities are provided for all students [38]. 

In some research, it has also been discovered that it permits 

the use of rich and easily available materials to provide long-

lasting learning results [39]. All of these findings highlight 

the advantages and opportunities that online learning 

provides in terms of learning results. Course design, 

instructor actions, and student actions are the three primary 

categories included in a qualitative synthesis of the elements 

influencing online learning experiences within the 

community of inquiry framework [40]. As a result, qualities 

associated with course design that is effective in online 

learning experiences include learning materials, learning 

activities, collaboration and working in small groups, 

encouraging interaction, supporting a feeling of community, 

and clarity in course design and objectives. Additionally, 

while being present and giving feedback are described as 

instructor-related actions that are seen to have an impact, 

timely participation in class discussions and thoughtful 

responses to their peers' questions are said to be crucial 

student actions in online learning environments [40]. During 

the Covid-19 period,  [41] carried out a quasi-experimental 

study to determine the impact of online learning on students' 

academic performance. The posttest results for learners' 

academic achievement revealed a significant impact of online 

learning, according to the authors. In other words, it may be 

claimed that online learning contributes to the achievement 

of the course's learning objectives. 207 universities' 

1,255,022 students and 27,820 academic staff members 

participated in the national survey in Turkey. 90% of the 

students said they benefited from and thought the online 

teaching materials in their courses were adequate, and 52% 

of the respondents said that online education and learning 

during the pandemic time were on par with in-person 

education. [33] carried out a study that aims to determine the 

effectiveness of online learning during the Covid-19 

pandemic using Primary data obtained from 115 respondents. 

The results of data analysis obtained from filling out student 

questionnaires concluded that the online learning system 

carried out during the COVID-19 pandemic is effective and 

inefficient. [42] evaluate the performance of online 

instruction utilizing Undiksha E-Learning during the 

COVID-19 pandemic in the Physical Education and Health 

Studies curriculum. The outcomes demonstrated that 

employing Undiksha's E-Learning for online learning was 

quite successful. The authors discovered that student 

motivation for participating in online learning using 

Undiksha E-Learning was 77%, student understanding of the 

learning materials was 88%, and student learning outcomes 

were classified as 88%. Students' concentration levels for 

paying attention to the lecturers' explanations were 96%. [43] 

analyzes what students believe about the value of online 

learning. Few studies have examined learner satisfaction with 

online instruction, particularly during the transition from 

traditional learning methods to online learning, the authors 

noted, even though several studies have suggested that online 

education can be as effective as traditional education that 

requires attendance, students respond to online education 

differently, and their response is dependent on their skill with 

online tools, their technical capabilities to access online 

courses, and the way the instructors carry out learning 

activities. 

 

2.2 Challenges to the effectiveness of ERT&L  

Given the prevalence of contemporary communication 

technologies, the literature supports the use of ERT&L in 

higher education in terms of its utility, efficacy, and favorable 

impact on student performance. Even though closing schools 

were a necessary preventive measure to stop the spread of 

COVID-19, [44] reported that the sudden reliance on online 

learning required unprecedented efforts and innovative 

learning and teaching practices to support students during the 

crisis. The teaching approaches employed in online education 

should encourage learning in students [45]. Recent research 

[46] that takes into account various aspects of school teachers' 

perspectives on e-learning in the UAE supports our study. 

Several more research like [47-49] were carried out to 

discover difficulties during this exceptional scenario. [50] 

used educators' responses to the domains of socio-

demographic data forms to assess the psychometric features 

of the Distance Education Attitudes Scale (DEAS). The 

findings indicated that there were no appreciable differences 

between these two Domains. The implementation of ERT&L 

during the COVID-19 crisis was found to be significantly 

influenced by instructors' perceptions toward the efficacy of 

distance learning and by distance learning's challenges. In 

their study on how Romanian institutions used only online 

teaching and learning to disseminate information during the 

Coronavirus epidemic, [51] took into account students' 

perceptions of online learning and e-learning platforms. The 

authors uncovered that students are exposed to a variety of 

complementary technologies, as demonstrated by prior 

file:///C:/Users/DELL/Downloads/www.ijssers.org


Ogumbe Boniface Ekwok et al, Effectiveness of Online Pedagogy of welding Skills during the COVID-19 Period: 

A Systematic Review 

  787                                                                                                                                 Avaliable at: www.ijssers.org 

studies, online-based educational systems have several 

advantages for students. [52] carried out a survey to study 

Agricultural students’ perceptions and preferences toward 

online learning. The authors studied the student’s preferences 

for various attributes of online classes. This study focused on 

how students perceive online learning, and which format they 

prefer. In a related study [53] amid COVID-19 in Nepal, a 

survey was conducted to ascertain the advantages and 

difficulties of online education. The study found that the 

situation had several advantages, including encouraging 

online research, introducing participants to a global 

community, and giving individuals more independence. To 

understand the obstacles to online learning from the 

perspective of medical students in the Philippines, [54] 

conducted a study. The study is significant since it focuses on 

a developing nation and includes the viewpoint of students. 

Similar research was done by [55] to determine the strengths 

and shortcomings of Spanish universities during the 

epidemic. A theoretical model built on a time series was 

provided by Mittal et al. in 2021 to assess several aspects of 

the uptake of online learning at the time of the COVID-19 

pandemic. Indian students' perceptions of their readiness for 

the abrupt switch to online education were examined [56]. To 

address such a circumstance, the authors also published 

institutional governance rules. This study and ours are closely 

connected in that they both addressed the effects of the abrupt 

change; however, whereas our study will be applied to 

instructors, this one was applied to students. [57], the study 

found that senior management support and commitment 

significantly influenced university lecturers' behavioral 

intentions to teach online. [58] The results of the study 

revealed that top management support through the direct 

involvement of top management and senior managers in 

mobilizing ICT resources and creating a cohesive and 

collaborative ICT use culture significantly influenced 

university lecturers' behavioral intentions to teach online. 

Furthermore, [59, 60] found that institutional ICT policies, 

top management support, online teaching approaches, the 

availability of trustworthy, strong, and accessible ICT 

infrastructure, as well as opportunities for ICT training, had a 

significant impact on lecturers' behavior intentions to teach 

online. [61] revealed that educational institutions that have 

ICT infrastructure that is easy for both lecturers and students 

to use support effective online teaching. On the other side, the 

same studies found that ICT infrastructure that is complex 

and challenging for professors and students to operate has a 

detrimental impact on lecturers' behavioral intentions to teach 

online. [62] revealed that lecturers' behavioral intentions to 

teach online were significantly influenced by the course 

design and approach they used. Interactive course materials 

and a dynamic, adaptable technology-mediated learning 

environment have a significant influence on lecturers' 

behavioral intentions to teach online, according to a study by 

[63]. Using specialized technology like virtual reality (VR) 

and augmented reality (AR), authors in [64] presented 

solutions to the challenges of conducting research during a 

pandemic, although also expressed worries about the lack of 

firm ethical rules for this. Researchers in [65] explored the 

difficulties associated with operating a virtual reality (VR) 

lab while upholding tight regulations and sanitary standards 

for research and education. [66] identified certain significant 

difficulties, like the lack of internet connection and the 

restricted availability of resources during the COVID-19 

outbreak, which are also faced by many students in Brazil 

[67]. The lack of policy standards for engineering course 

delivery online and of assessment methods for high-quality 

instruction was also mentioned in [67] 

 

3.     METHODOLOGY  

Search process and inclusion criteria  

Following the PRISMA guidelines [68], a comprehensive 

literature search was conducted for all articles published from 

2019 through September 2022. Nine electronic databases 

were searched for ERT&L articles that discussed teaching 

and learning during the COVID-19 period (Research Gate, 

Academic Search Premier, Econ Lit, ProQuest, Scopus, Web 

of Science, Google Scholar, and ERIC). The search strategy 

concentrated on technical skill outcomes (automobile, 

building, electrical/electronics, metalwork, and woodwork), 

pedagogy (teaching and learning), programs (vocational 

education, technology education, and engineering education), 

and intervention (randomized controlled trials, controlled 

trials, evaluations). Platforms requiring the usage of hardware 

other than a typical computer monitor, keyboard, mouse, or 

touch-screen device as well as those with a hands-on 

technical training component were excluded. Studies that 

included e-learning as a component of a larger curriculum 

were only considered when the comparison group was given 

the same curriculum as the experimental group but without e-

learning. Using Kirkpatrick's four-tiered approach for 

evaluating training programs, studies reporting just self-

reported opinions (level 1) without examining learning (level 

2), transfer of acquired abilities into job behaviors (level 3), 

or student outcomes (level 4) were discarded [69]. 

Additionally, there were exclusions based on the publishing 

year and language, but there were none based on the field of 

research after appropriateness could not be determined after 

publications were originally disqualified by reviewing the 

title and abstract, the entire article was examined. As a 

supplementary search approach, the retrieved articles were 

cross-referenced for potential additions.
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Fig.1:  PRISMA technique of reporting items for systematic reviews or meta-analyses derived from [70]. 

 

The various databases' literature searches turned up 174 

possibly pertinent publications. After screening the 

publication's titles and abstracts, 16 references were 

determined to be possibly relevant and their complete texts 

were collected. Four additional papers were discovered as 

prospective references and expert input. Publications found 

through the search were not included in our analysis because 

they had duplicate content, did not comply with age 

restrictions, did not relate to technology education, did not 

call for the application of motor skills, and were not related 

to Covid-19. A total of 18 studies provided information on 

the effect of ICT interventions on psychomotor skills and 2 

studies ICT pedagogical skill proficiency were selected for 

inclusion in this review (See Tables 1 and 2). 10 studies 

representing 50% of those included were published in 2020; 

4 papers representing 20% of those included were published 

2021. 4 research, representing 20% of the studies were 

published in 2022, and 2 studies standing for 10% were 

published between 2017 and 2019. 

 

Methodological quality assessment  

Before articles were included in this study, two reviewers 

independently conducted a methodological quality 

examination to assess the chosen studies' validity based on 

common sources of bias to see if they satisfy the requirements 

for inclusion as stated in the Cochrane handbook for a 

systematic review of treatments [71] using the Joanna Briggs 

Institute Meta-Analysis of Statistics Assessment and Review 

Instrument (JBI-MAStARI) [72]. Any discrepancies between 

the reviewers were settled by conversation otherwise, by 

there was a need to involve a third reviewer. The standardized 

data extraction tool from JBI-MAStARI was used by two 

reviewers to independently extract data from the papers 

included in the review. The two reviewers separately 

determined for each article whether it received a good rating 

(if the evaluated item was there) or a negative rating (if the 

evaluated item was absent). Specific information regarding 

the interventions, populations, study methodologies, and 

outcomes important to the review question and particular 

objectives were included in the data that is extracted. 

The methodological quality of the included publications was 

evaluated using a 10-item quality evaluation scale for 

randomized control/pseudo-randomized trials and a 9-item 

scale for descriptive or case series studies (see Tables 1 & 2). 

Items with inadequate descriptions received a negative 

(absent) score. Reviewer agreement was predetermined at 

80% for each article [73]. That is, for 8 of the 10 things and 7 

of the 9 items in each article, reviewers had to concur that the 

items were present or absent. If there was less than 80% 

agreement, more debate led to a consensus. To assess the 

article's overall quality, the scores were then added together. 

An article was assessed to have excellent methodological 

quality by [22, 73] if it received a score of 5 or higher for a 

controlled trial or a score of 6 or higher for a randomized 

controlled trial. 

 

Data synthesis  

Software called Revman 5.3 was used to examine the data. 

We utilized variance analysis to determine the standardized 

mean difference (SMD) and weight mean difference (WMD) 

for effect sizes based on sample size and 95% confidence 

intervals for each trial and the pooled trials (CIs). We used 

the fixed-effects model if heterogeneity was found after 

pooling the survey's data; otherwise, the random-effects 

method was used. We adopted two meta-analysis techniques 

(fixed and random effect models). Utilizing Cochran's (2) test 

p-value and the proportion of variation attributable to 

heterogeneity, we estimated heterogeneity (I2). According to 

[74-76], heterogeneity with p 0.10 and I2 > 50% was 

considered significant, but I2 -values of 25% to 50% were 

regarded as low, 50%-75% as moderate, and > 75% as high. 

We conducted a sensitivity analysis where heterogeneity was 

present to see if it had a substantial impact on the meta-

findings. The analysis by removing each of these studies and 

then recalculating the pooled estimates for the other trials, we 

performed a sensitivity analysis. By removing each of these 

studies and then recalculating the pooled estimates for the 

Records identified through 

database searching, n = 112 

 

Additional records identified 

through other sources, n = 62 

 

 Articles sreened, n=174 

 

 

Excluded articles, n = 43, Review, n 

= 26, Reports, n = 41, Not related to 

Education, n = 19 

 

 

Eligible articles, n = 45 

 

 
Full-text articles excluded, n = 70 

Wrong focus (not e-learning tool), n = 

18, Wrong study group, n = 11,  

Abstract, n = 20, No comparison 

group or non-randomized 

 

 

Articles included in the 

review-analysis (n = 20) 

 

 

Identification 

 

 Screening 

 

 
Eligibility 

 

 
Included 

 

 

file:///C:/Users/DELL/Downloads/www.ijssers.org


Ogumbe Boniface Ekwok et al, Effectiveness of Online Pedagogy of welding Skills during the COVID-19 Period: 

A Systematic Review 

  789                                                                                                                                 Avaliable at: www.ijssers.org 

other trials, we performed a sensitivity analysis. This is to 

make sure it did not materially affect the findings [77] and 

Using STATA 13.0, a funnel plot from the Begg's rank 

correlation test and an Egger's linear regression test are used 

to examine the publication bias [78]. 

 

Effect sizes and heterogeneity  

The value calculated to determine the strength and direction 

of the association between two groups or variables is known 

as the "effect size"[79]. The effect values of the studies 

included in the analysis in this study were estimated using 

Hedges' g value [80], a measure of the standardized mean 

difference. On the other hand, due to the limited 

circumstances in which the Fixed Effects Model (FEM) 

would be appropriate, the Random Effects Model (REM) was 

employed to calculate effect sizes in a meta-analysis [81]. 

Because factors related to various educational levels, courses, 

and intervention durations were considered in this study, the 

use of REM was preferred. The I2 value, which provides more 

trustworthy results than the Q statistic, is calculated in the 

meta-analysis. It is known that there is a large level of 

heterogeneity at 75% and higher, but there is none. 

 

Table 1: Methodological quality checklist for randomized control/pseudo-randomized trial 

Paper 

No. Author & year   1 2 3 4 5 6 7 8 9 10

 MQS Ag   

1. Opris, Ionescu, Costinas, &  

Nistoran, 2020   Y Y Y N Y N Y Y Y N

 7 90% 

2. Arif & Shafiullah, 2022  Y N Y N Y Y Y Y Y N

 7 80% 

3. Bdair, 2021   N N Y Y N Y Y Y Y Y

 9 95% 

4. Yasmin, 2022   Y Y Y Y Y Y N Y N Y

 8 80% 

5. Khan & Abid, 2021  Y N Y Y Y N Y N N N

 5 80% 

6. Suryaman & Mubarok, 2020 Y Y Y Y N Y Y Y Y Y

 6 90% 

7. Cant & Cooper, 2017  N Y N Y Y Y Y Y Y N

 8 70% 

8. Hassan, Mirza, & Hussain, 2020 N Y Y N Y Y N Y Y N

 9 75% 

9. Mukhtar, Javed, Arooj, & Sethi,  

2020    Y Y Y N Y Y Y N Y Y

 6 80% 

10. Sarpong, Dwomoh, Boakye, &  

Ofosua-Adjei, 2022  Y Y N Y Y Y Y Y N Y

 7 80% 

11. Chan, Bista, & Allen, 2022 N Y Y N Y N N Y Y Y

 6 90% 

12. Hameed, Husain, Jain, Singh, &  

Sabina, 2020   Y Y Y Y Y Y Y N N Y

 8 80% 

13. Djidu et al., 2021   Y Y N Y Y Y N N Y N

 8 85% 

14. Angel-Urdinola, Castillo-Castro 

& Hoyos, 2021   Y N Y Y Y Y N Y Y N

 9 100% 

15. Agrawal & Pillai, 2020  N Y Y N Y N Y N N Y

 4 90% 

16. Cen, Ruta, Al Qassem, & Ng, 2019 Y Y N Y N Y Y Y Y N

 8 95% 
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17. Chung, Tung, & Lou, 2020 N N Y N Y N N Y Y Y

 7 90% 

18. E Armas, Tori, & Netto, 2020 Y Y N Y N N Y N N N

 3 100% 

19. Prokić-Cvetković, 2020  N N Y Y Y Y N Y Y Y

 6 80% 

20. Karstensen & Lier, 2020  Y N Y N Y Y Y Y N N

 5 90% 

*Papers with positive scores  13 13 15 12 16 14 13 14 13 10

   

(% of Papers)   65% 65% 75% 60% 80% 70% 65% 70% 65% 50% 

*Control trials with scores > 5 = 4 

*Randomized controlled trials with scores > 6 = 

MQS: Methodology quality score, Ag: Agreement 

 

1. Was the assignment to treatment groups truly random? 

2. Were participants blinded to the treatment allocation? 

3. Was allocation to treatment groups concealed from the 

allocator? 4. Were the outcomes of people who withdrew 

described and included in the analysis? 5. Were those 

assessing outcomes blind to the treatment? 6. Were the 

control and treatment groups comparable at entry? 7. 

Were groups treated identically other than for the named 

interventions? 8. Were outcomes measured in the same 

way for all groups? 9. Were outcomes measured 

reliably? 10. Was appropriate statistical analysis used? 

 

Table 2: Methodological quality checklist for descriptive/case series  

Paper               

No. Author & year   1 2 3 4 5 6 7 8 9

 MQS Ag  

1. Opris, Ionescu, Costinas, &  

Nistoran, 2020   N Y N Y N N Y Y Y 8

 100% 

2. Arif & Shafiullah, 2022  N N Y N Y Y N N Y 9

 100% 

3. Bdair, 2021   Y Y Y N N N N Y N 8

 90% 

4. Yasmin, 2022   Y N N Y Y Y Y N Y 7

 100% 

5. Khan & Abid, 2021  N N Y Y Y N N N Y 8

 90% 

6. Suryaman & Mubarok, 2020 Y N Y Y N N Y Y N 6

 80% 

7. Cant & Cooper, 2017  N Y N N Y Y Y Y Y 5

 95% 

8. Hassan, Mirza, & Hussain, 2020 Y Y Y N N Y Y N Y 9

 80% 

9. Mukhtar, Javed, Arooj, & Sethi,  

2020    N Y N N Y N N Y N 7

 100% 

10. Sarpong, Dwomoh, Boakye, &  

Ofosua-Adjei, 2022  Y Y N Y N Y Y N Y 9

 80% 

11. Chan, Bista, & Allen, 2022  N N Y Y Y N N Y Y

 6 90% 

12. Hameed, Husain, Jain, Singh, &  

Sabina, 2020   N N Y N N Y Y Y Y 6

 90% 
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13. Djidu et al., 2021   Y Y Y N Y Y Y N N 8

 85% 

14. Angel-Urdinola, Castillo-Castro 

& Hoyos, 2021   N Y Y Y N N Y Y Y 6

 100% 

15. Agrawal & Pillai, 2020  Y Y Y Y Y Y Y Y Y 7

 75% 

16. Cen, Ruta, Al Qassem, & Ng, 2019 Y Y Y N N N N Y Y 8

 90% 

17. Chung, Tung, & Lou, 2020 N N N Y Y N Y N N 7

 80% 

18. E Armas, Tori, & Netto, 2020 Y Y Y N Y N Y N Y 9

 80% 

19. Prokić-Cvetković, 2020  N Y Y Y N Y Y Y Y 6

 100% 

20. Karstensen & Lier, 2020  Y N N Y N N Y N Y 8

 90% 

*Papers with positive scores  10 12 13 11 10 9 14 11 15 

(% of Papers)   50% 60% 65% 55% 50% 45% 70% 55% 75% 

*Control trials with scores > 5 = 4 

*Randomized controlled trials with scores > 6 = 9 

MQS: Methodology quality score, Ag: Agreement 

 

1. Was the study based on a random or pseudo-random 

sample? 2. Were the criteria for inclusion in the sample 

clearly defined? 3. Were confounding factors identified 

and strategies to deal with them stated? 4. Were 

outcomes assessed using objective criteria? 5. If 

comparisons were being made, were there sufficient 

descriptions of the groups? 6. Was follow-up carried out 

over a significant time? 7. Were the outcomes of people 

who withdrew described and included in the analysis? 8. 

Was outcomes measured reliably? 9. Was appropriate 

statistical analysis used? at 0% of I2, which is between 

0% and 100%. It was required to test the differences 

between groups according to various variables because 

the I2 value determined for the current research revealed 

high heterogeneity (I2 = 94%). As a result, moderator 

analyses as proposed by [82] were carried out in this 

study. 

 

Moderator analysis  

The analysis of the literature revealed that many factors were 

taken into account in the meta-analyses of online learning. In 

their meta-analysis of online learning, [83] investigated how 

the type of online learning technology and the user's 

characteristics affected the extent of the impacts of the 

relevant application (student, teacher, professor, etc.). The 

heterogeneity test results in the current study revealed that the 

I2 value was 86.84; in light of this result, it is clear that further 

research into the moderating effects of numerous variables 

has to be done. In order to thoroughly assess the analyses, we 

further investigated in this study what educational levels, 

academic disciplines, and intervention times result in a more 

successful application of online learning. 

 

Intervention process  

The final year technical and vocational education students 

participated in the experimental intervention by taking the 

"welding and fabrication" course in the academic year 2020-

2021. The researchers designed an accomplishment exam and 

questions within the parameters of the course before the 

intervention to assess the student’s academic performance. 

The relevant accomplishment test was used to determine the 

experimental group's pre-test results before the utilization of 

online learning. Due to the pandemic process, all course 

material in the area of welding and fabrication has been 

presented through a distance education system that follows 

the online learning paradigm. The course material was 

covered over the course of six weeks, and after that time, the 

posttest scores were collected using the same success test. 
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Table 3: Meta-analysis result 

Study or  Experimental  Control    Std. Mean difference Mean diff 

Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95%CI   IV, Random, 95%CI 

   

Opris, et al 20 3.22 1.28 10 3.10 2.01 10 03.5% 2.81[1.28, 2.01] 

Arif et al 22 2.98 1.09 05 3.18 1.98 08 07.5% 1.27[1.00, 1.62] 

Bdair, 21  3.80 1.22 15 3.11 0.98 05 07.6% 0.11[0.21, 3.20] 

Yasmin, 22 4.10 2.00 10 2.89 1.33 18 06.2% 0.81[1.10, 4.21]  

Khan et al 21 3.67 1.09 10 3.71 2.10 19 04.5% 1.03[0.51, 1.09]  

Hassan, et al 20 2.88 2.15 16 2.01 1.88 13 09.3% -0.12[1.38, 2.62]  

Mukhtar, et al 20 3.67 1.99 15 2.60 2.01 17 07.2% -0.10[2.06, 1.36]    

Sarpong, et al 22 2.78 1.22 19 3.07 2.01 11 02.4% 1.31[2.38, 2.39]  

Chan, et al 22 4.06 2.02 11 3.78 2.06 22 08.1% 1.22[1.36, 2.90] 

Hameed, et al 20 3.26 1.88 18 2.89 1.90 06 06.8% 0.41[2.10, 2.01] 

Djidu et al 21 2.00 1.00 12 3.01 1.62 11 05.3% -1.06[1.54, 1.99] 

Cen, et al 19 3.48 2.10 11 2.19 1.88 10 10.2% 2.03[3.00, 2.11] 

Chung, et al 20 3.18 1.88 10 3.02 1.92 14 09.2% 0.40[1.22, 1.67] 

Agrawal, et al 20 2.54 1.02 19 3.22 1.06 12 05.1% 1.00[1.09, 3.64]    -2    -1      0     1     2 

Karstensen 3.88 1.36 08 2.11 1.00 09 02.1% 0.37[2.10, 0.78] 

Et al 20  2.91 1.05 11 3.07 1.22 08 05.0% 1.06[0.30, 3.78] 

 

Total (95% CI)   200   180 100.0% 0.84 [1.51, 2.49]    

 

Heterogeneity: Tau2 = 0.03; Chi2 = 09.01, df = 14, (p < .00009), I2 = 94%  

Test for overall effect: Z = 1.33 (p < .00099)  

Favors (Experimental) Favours (Control) 

 

Table 4: Pooled effect size of the scales measured 

  Sample size Analysis    P-value Heterogeneity 

Activity Exp/control mode  WMD 95% CI  effect  x2     df   p 

 

GMAW 200/180 Random 2.10[1.02, 2.35] <.00001 3.01 14  .11 

SMAW 200/180 Random 1.22[3.82, 2.86] <.00001 2.81 14  .09 

GTAW  200/180 Fixed  1.46[2.11, 4.21] <.00001 2.10 14  .18 

FCAW  200/180 Fixed  1.88[1.63, 2.61] <.00001 1.96 14  .23 

Gas Metal Arc Welding (GMAW), Shielded Metal Arc Welding (SMAW), Gas Tungsten Arc Welding (GTAW), Flux-Cored Arc 

Welding (FCAW) 

 

To ascertain the combined impact sizes for each category, we 

looked at the sub-item achievement test scores of students in 

welding. The outcome indicates that all examined categories 

have a significantly positive difference in favor of the 

experimental (treatment) group compared to the control for 

GMAW, SMAW, GTAW and FCAW welding activities 

using an oxyacetylene flame with (WMD 2.10 @ 95% CI 

1.02 – 2.35), (WMD 1.22 @ 95%, CI 3.82- 2.86), (WMD 1.46 

@ 95% CI 2.11 - 4.21) and (WMD 1.88 @ 95%, CI 1.63 – 

2.61) at p < 0.00001). There are specific welding practices 

and methodologies for various welding processes. Arc 

welding techniques, such as gas metal arc welding (GMAW), 

shielded metal arc welding (SMAW), gas tungsten arc 

welding (GTAW), and flux-cored arc welding, were the focus 

of the VR and AR welding training sessions (FCAW). Other 

names for GMAW include metal active gas (MAG) welding 

and metal inert gas (MIG) welding. Stick welding or manual 

metal arc (MMA) welding are other names for SMAW, which 

also uses an electrode. Last but not least, TIG (tungsten inert 

gas) welding is another name for GTAW. GMAW was the 

most widely used welding technique followed by SMAW and 

GTAW before FCAW which received the least amount of 

attention from the schools. 

 

 

 

file:///C:/Users/DELL/Downloads/www.ijssers.org


Ogumbe Boniface Ekwok et al, Effectiveness of Online Pedagogy of welding Skills during the COVID-19 Period: 

A Systematic Review 

  793                                                                                                                                 Avaliable at: www.ijssers.org 

 
Fig. 2: Ease of VR and AR teaching for welding practice during Covid 

 

Sensitivity analysis 

We employed the fixed-effect statistical model, which treats 

qualities as though they were being handled as non-random, 

as opposed to the random-effects model, which interprets 

exploratory variables as arising from random causes. Due to 

the variety in studies reporting test scores, we conducted a 

sensitivity test on individual research by dividing 10 articles 

from 15 studies. The development of students' VR and AR 

practical abilities is significantly impacted by instructional 

models, as shown by the pooled effect size of recorded SMD 

= 2.18 @ 95% with CI = 1..02 - 1.09 @ p =.00001. To 

determine whether there was any publication bias, we utilized 

a symmetrical funnel plot shape, as seen in Fig. 3, to report 

the analysis of the test scores of the ten publications included 

in the meta-analysis. The outcome (SMD = 4.49, 95%, CI = 

2.37 - 3.63 @ p .00001) demonstrates that the treatment had 

no negative effects on the achievement scores of the kids. 

This suggests that the experimental group is favored by the 

pooled effect using Egger's bias indicator statistical scale (t = 

1.74, p = 0.157). The primary analysis's impact was 

unaffected by the outcome when it was put through the Begg-

Mazumdar bias indicator test (Z = 1.48, p = 0.230). 

 

DISCUSSION 

The literature on online learning in technology education 

quickly developed with the increase in online learning during 

the Covid. With a very small number of empirical research, 

the majority of the literature on online education that is 

currently available is descriptive in character. Education in 

the arts and social sciences is where you'll find the majority 

of the empirical literature on online teaching. Nonetheless, 

there is increasing evidence that online education methods are 

used in the fields of technology and engineering. Despite the 

growing use of online teaching methods in schools, little 

study has been done to determine how beneficial they are for 

teaching technology. Also, there isn’t many quantitative 

research that examines how well online instruction 

contributes to the development of psychomotor skills. 

This review has been to synthesize learning outcomes in the 

existing literature and explore the impact of this educational 

intervention.  

 

The findings of this comprehensive review on the efficiency 

of online pedagogy in teaching welding skills indicate some 

influence on students' knowledge and abilities. However, the 

improvement in knowledge and skills was often rather small 

as significantly higher scores on welding skills 

implementation were reported by various welding activities. 

This was not self-perceived because the impact of online 

teaching on the practical skill acquisition of students was 

known. Adequate knowledge and skills are indispensable for 

the successful implementation of online pedagogy. Most 

studies show challenges to the successful implementation of 

online teachings like technical glitches, management support 

and the willingness to change current practice models were 

some barriers to online teaching.  

Regarding the effects of online pedagogy, there were some 

contradictory findings. While some studies reported 

improvement in online pedagogy, others did not. The study 

of [84] reveals variable results. Online instruction has 

improved statistically significantly in some trials, but not in 

others. It was unclear whether the studies evaluated in this 

review will be comparably effective in teaching skills across 

countries. Several systematic reviews have also come to the 

conclusion that interventions in online teaching may have a 
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favorable impact on students' knowledge and expertise in 

subject areas relating to technology. 

 

CONCLUSION  

Covid-19's development has forced lengthy lockdowns 

throughout the world, forcing some nations to complete their 

educational requirements via online learning. The findings of 

this systematic review are unambiguous in terms of the value 

of online instruction in teaching welding techniques to 

undergraduate technology students. None of the studies 

chosen for this review's inclusion were created expressly to 

measure how well online teaching works when evaluating 

undergraduate technology students' technical skills. There is 

proof, though, that the use of online pedagogy during 

COVID-19 significantly improves two of the three outcomes 

essential to technical reasoning: student knowledge 

acquisition and creative thinking. The ability of online 

pedagogy to use VR and AR welding training workshops and 

incorporate a pedagogical approach that will teachers in 

designing, implementing, and improving the online teaching 

system was reported to have increased in one study [85]. 

Studies like [86, 87] and [88] evaluated creative thinking and 

skill acquisition, respectively. Although creative and critical 

thinking are essential to skill development, these studies' 

findings are clear that using online pedagogy in the current 

digital age is effective. 
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