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Abstract: This study investigates how EV technology–related training influences knowledge and operational 

performance amongst employees of a manufacturing firm in Türkiye. In this respect, the effects of training 

intervention were measured across various departments such as R&D, Sales, and Operations through a pre-

test–post-test experimental model. In this regard, statistical analysis showed that overall, there was a signifi-

cant improvement in knowledge levels after training, though with higher increases in knowledge gains from 

the R&D and Sales departments. The correlation tests showed a positive relation of better knowledge with 

better operational outcome, but again, the study shows that influence from external factors such as resource 

availability and workplace dynamics may also lead to certain variations in this outcome. Our findings strongly 

indicate how specially designed departmental training can better satisfy peculiar needs, which are necessary 

for such fast-growing industries as EV manufacturing. In addition, aligning the content of training with roles 

and responsibilities will optimize returns on investment for organizations and make them competitive in en-

vironments where technological changes are an important issue. 

Keywords: Electric Vehicle Training, Operational Performance Improvement, Knowledge Management in 

EV Manufacturing, Customized Employee Development, Workforce Excellence in High-Tech Industries 

 

1. Introduction 

Transportation is an essential component of modern life. However, conventional internal 
combustion engines are highly polluting, and as environmental concerns continue to grow world-
wide, public interest in these traditional vehicles has steadily declined. Fully electric vehicles, 
which produce zero exhaust emissions, represent a far more environmentally friendly alternative. 
As a result, electric vehicles have sparked a revolution in the transportation industry, with their 
numbers increasing day by day. In addition to their low operating costs—made possible by batteries 
instead of fossil fuels—electric vehicles have fewer and more stable components compared to in-
ternal combustion engine vehicles, which lowers maintenance expenses [1]. Furthermore, numer-
ous governments offer special incentives, such as tax breaks and subsidies, to encourage electric 
vehicle ownership [2]. 

Because electric vehicle technologies align with global sustainability goals, the number of 
organizations investing in this field is growing [3]. Nonetheless, human resources traditionally 
trained in conventional manufacturing technologies may sometimes fall short in meeting the 
emerging demands of this new industry. Consequently, intensive training programs have been in-
troduced to enhance the expertise of workers specializing in electric vehicle technologies [4]. 
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Despite the increasing attention on these training programs—particularly those focusing on 
employees’ knowledge levels—their impact on operational performance remains insufficiently dis-
cussed in the literature. To address this gap, the present study examines how electric vehicle–fo-
cused training influences employees’ knowledge and reflects on operational performance. For this 
purpose, a variety of training programs were developed for multiple departments, including R&D, 
Sales, and Operations, at a Turkish factory that manufactures electric vehicles. Changes in employ-
ees’ knowledge levels before and after the training were evaluated, and the effects of these 
knowledge levels on different departments within the organization were also assessed. 

Given the importance of this topic for achieving operational excellence, the study emphasizes 
the effects of organizational training on employee performance and operational efficiency. Previous 
research has explored employee performance and productivity, revealing that intensive corporate 
training programs can significantly increase employee motivation and product quality [5]. Never-
theless, there remains a need to enrich the literature on how specialized training in technologically 
focused fields—such as electric vehicles—affects production and operational performance [6]. 
Against this backdrop, the current study offers insights that are valuable both academically and 
industrially, contributing a new perspective to the existing body of knowledge. 

2. Theoretical Background 

The level of employee knowledge related to their jobs, along with their motivation, is strategic 
elements that increase productivity in businesses and, consequently, enhance competitiveness [7]. 
In this regard, employee trainings and motivation programs have become more widespread, and 
businesses’ appreciation of such improvements—aimed at boosting long-term operational effi-
ciency—has grown over time. Through these measures, they strive to move together as a unified 
whole to achieve long-term objectives more effectively. In recent years, numerous studies have 
been published on the impact of employee training and motivation [8, 9, 10, 11]. This is because 
the significance of training for operational efficiency has been realized, especially in terms of de-
veloping employees’ problem-solving skills and their ability to quickly respond to process disrup-
tions. Research in this area shows that training programs must consider employees’ current 
knowledge levels and the specific needs of the business. Acquiring sector-specific knowledge and 
skills plays a critical role in making operational processes more effective [12]. 

In 2016, David J. Stanley and John P. Meyer, examined the relationship between employee 
commitment and job performance through the lens of the three-component commitment model, 
which includes affective, normative, and continuance commitment [13]. Their study analyzed how 
this commitment types relate to task performance and citizenship behaviors. The findings showed 
that affective commitment has the strongest positive correlation with performance, while normative 
commitment has a weaker but still positive effect. Continuance commitment was found to be either 
unrelated or weakly negatively related to performance. The authors also highlighted that examining 
commitment components individually can be misleading, as different commitment profiles have 
complex relationships with performance outcomes. They recommended that future research focus 
on clarifying causal links between commitment and performance and exploring the role of cultural 
factors in this relationship. For example, Khan (2012) highlights that training programs raise em-
ployees’ motivation levels and intensify their contributions toward process improvement. 

Recently, the number of studies in this field has increased considerably. Particularly, digital 
training tools and virtual reality–based trainings, developed mostly after the pandemic, have been 
observed to speed up employees’ learning pace and increase their interest in new information [14]. 
It has been found that virtual simulation–based trainings contribute significantly to enhancing em-
ployees’ practical skills, thereby reducing errors in business operations. Moreover, the long-term 
impacts of digital training and distance learning tools on companies have also been examined [15]. 
Because these programs are flexible, employees can learn at their own pace, increasing their 
knowledge levels and more effectively integrating this knowledge into operational processes [16]. 

For emerging fields such as electric vehicle technologies, employee training processes are 
critical for supporting adaptation. Fechtner et al. [6] notes that training in new-generation vehicle 
technologies fosters a notable improvement in employees’ knowledge levels and in their familiarity 
with the technologies. These trainings are especially beneficial for R&D and technology develop-
ment staff, boosting both their productivity and their capacity for innovation in operational stages  
[17]. 

Using innovative training methods to understand the intricate technical structures of electric 
vehicles has been shown to produce recognizable enhancements in operational performance [4]. 
Once innovative training practices become embedded in organizational culture, businesses can at-
tain the status of “learning organizations.” Rebelo & Gomes (2011), in a study on learning organi-
zations and employee performance between 2006 and 2015, reveals how learning organizations 
transform traditional definitions of work performance [18]. Another study focusing on Korean labor 
institutions investigated the structural impact of organizational culture as a learning tool on self-
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efficacy and job involvement. This culture’s role in elevating employee performance is highlighted. 
Learning organizations establish a framework that promotes knowledge sharing and teamwork 
among employees, establishing a vital environment for process enhancement and innovation. 

Sivakumar & Kumar (2019) assert that incorporating knowledge management into organiza-
tional processes accelerates employees’ adaptation to newly emerging technologies, thereby having 
a positive effect on overall operational performance [19]. Particularly in recent years, with the rise 
of digital transformation and Industry 4.0, knowledge management practices have gone through 
significant changes [6]. By leveraging digital tools, information access and integration into work 
processes become simpler, which is directly reflected in the operational performance of employees. 
Khan (2012) underlines that knowledge management systems increase employees’ contributions to 
work processes and speed up their adoption of cutting-edge technologies [11]. 

In addition, using knowledge management processes aligned with Industry 4.0 in learning 
organizations offers substantial potential for improving operational effectiveness [15]. In electric 
vehicle production, implementing these new technologies—together with training programs that 
raise employees’ knowledge level enables better transparency and traceability in manufacturing 
stages, which improves the efficiency of quality control mechanisms [16]. 

Several works in the literature frequently highlight how training in high-tech industries facil-
itates the growth of employees’ innovative thinking and problem-solving capabilities. In this re-
spect, Wang et al. (2025) contend that education on digital technologies heightens employees’ abil-
ity to apply pioneering methods in their everyday tasks, yielding advantages in overall productivity 
[20]. In the context of electric vehicle technologies, such training has been shown to enhance em-
ployees’ creative input in manufacturing processes [6]. 

Organizations often measure the return on investment (ROI) of training as a key metric for 
evaluating the financial payoff of these initiatives. Multiple studies in literature have explored how 
training influences operational outcomes. Wang et al. (2013) likewise propose that over time, train-
ing programs significantly raise manufacturing efficiency and produce positive financial benefits 
for firms [17]. 

Rivaldo and Nabella conducted a study analyzing four major factors that shape employee 
performance: training, experience, and discipline. Their survey of 87 workers used multiple regres-
sion analysis to gauge how these factors affect performance. The results indicate that training, train-
ing programs, experience, and discipline each have a favorable impact on employee performance, 
providing beneficial insights for administrative approaches [21]. 

Chen et al. investigated the effect of organizational support on employee performance within 
contexts of flexible production. Employing social change theory and organizational support theory, 
their research examined the mediating role of employee attitudes between organizational support 
and employee performance, as well as the moderating role of organizational justice. Surveying 180 
participants from seven significant automotive manufacturing facilities in China, they tested their 
assumptions using multiple linear regression analysis. The results revealed four fresh indicators of 
frontline worker performance in flexible manufacturing: continuous learning, teamwork, problem-
solving, and proactive working. They categorized organizational support as either reinforcing or 
inhibitory. While reinforcing support has a strong beneficial impact on employees’ new perfor-
mance, an effect strongly mediated by their sense of belonging—inhibitory support was more re-
lated to employees’ sense of respect. However, this sense of respect did not alter the new perfor-
mance. Additionally, organizational justice significantly moderates the correlation between organ-
izational support and employee attitude [22]. 

These positive influences of training programs on operational efficiency demonstrate why it 
is essential for organizations to expand their training budgets. In technology-driven sectors like 
electric vehicles, training not only elevates knowledge but also encourages the assimilation of in-
novations into operational workflows [6]. 

In this section, different aspects of how employee training supports operational performance 
have been examined. Notably, in forward-looking industries like electric vehicle technologies, 
knowledge management and training procedures play a key role in helping businesses sustain their 
competitive edge. Recent studies underscore that training and knowledge management are central 
to enhancing the effectiveness of operational processes, reinforcing the notion that such initiatives 
should be approached as strategic investments. To guide this empirical investigation, the study was 
structured around the following key assumptions. It was anticipated that training programs focused 
on electric vehicle (EV) technologies would enhance employees’ domain-specific knowledge and, 
in turn, positively influence operational performance metrics. Based on this rationale, the study 
hypothesized that (1) employees’ knowledge levels would significantly improve following the 
training, and (2) this improvement would translate into enhanced operational effectiveness, with 
possible variations across different departments. These hypotheses provided the foundation for the 
subsequent methodological design. 
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3. Methodology 

3.1. Research Design 

This study adopted a quasi-experimental quantitative research design, focusing on evaluating 
the impact of electric vehicle (EV) training on employees’ knowledge levels and operational per-
formance. As Creswell (2014) defines, quantitative research involves systematic empirical investi-
gation using statistical, mathematical, or computational techniques [23]. A pre-test/post-test model 
without a control group was employed, which is widely used in training evaluation research [24]. 
This design enables the measurement of within-subject changes over time and is particularly suit-
able when evaluating intervention-based learning environments without access to a control group 
[25, 26]. This study employed a quantitative research design to evaluate the influence of trainings 
on electric vehicle (EV) technologies on employees’ knowledge levels and practical performance 
at a Turkish firm that manufactures EVs. Training effectiveness was determined by comparing 
participants’ pre-training (pre-test) and post-training (post-test) results. For this reason, a causal-
comparative research approach based on a pre-test–post-test model was utilized. Additionally, de-
scriptive analyses were carried out to compare differences among various departments. The sample 
of the study consisted of all employees working in different departments of this EV-manufacturing 
firm, all of whom underwent training aligned with the company’s operational goals. In total, 315 
participants took part in the pre-test phase and 314 in the post-test phase (Table 1). 

 
Table 1. Number of participants 

Department Pre-Test Post-Test 

Research and Development 94 94 

Strategy and Business Development 4 10 

Sales WE 3 0 

Sales EMEA 20 8 

After Sales Services 41 52 

Operations 76 89 

Human Resources 38 33 

Management Support 10 10 

Financial Affairs 29 18 

Total 315 314 

 
Before the training, participants’ knowledge levels and practical performance were measured 

with the pre-test. The training program’s curriculum covered both theoretical and practical infor-
mation regarding EV technologies. After the training, the same participants were assessed again 
through the post-test to measure changes in their knowledge levels and any improvements in their 
practical performance. 

 
Figure 1. Comparison of pre-test and post-test mean scores 

 
To understand how much the training improved the participants’ knowledge levels, average pre-test and post-
test scores were analyzed. While the average score in the pre-test was 59.5 (based on a 100-point scale), the 
average post-test score increased to 70.2. This corresponds to an 18% improvement following the training 
(Figure 1). 
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3.2. Data Collection 

Data used in this research was obtained from tests administered before and after the EV tech-
nology trainings. Employees from various departments—including R&D, Sales, and Operations—
participated, and their knowledge levels were assessed in both phases. The tests were developed 
based on the content of the training and aimed to measure changes in knowledge. 

Data collection involved surveys and tests, yielding numerical data. Although qualitative in-
sights were collected through short open-ended questions, their use was limited to supporting the 
interpretation of the quantitative results and did not influence the statistical analyses. The study 
remained fundamentally quantitative in its design and execution. The compiled data were analyzed 
using SPSS software. 

3.3. Sample 

The study employed a maximum variation purposive sampling method to ensure representa-
tion across diverse departments such as R&D, Operations, Sales, HR, and more. This method aims 
to capture a wide range of perspectives and experiences by intentionally selecting participants from 
different units within the organization [27]. A total of 315 employees participated in the pre-test 
phase, while 314 completed the post-test. 

This approach was deemed suitable for this study as it enabled the researchers to assess how 
training impacts may differ across functional roles with varying responsibilities and knowledge 
bases 

3.4. Analysis 

Initially, descriptive statistics were used to examine the collected data. These analyses pro-
vided demographic details about the participants and indicated the mean scores from their pre- and 
post-training evaluations. A paired-sample t-test was performed to test the effectiveness of the 
training, which examined if the difference between employees’ pre- and post-training knowledge 
scores was statistically meaningful. Paired-sample t-tests are commonly applied to assess pre- and 
post-intervention knowledge changes within the same subjects, particularly in organizational learn-
ing studies [25]. 

Table 2. Paired sample t-test results 

 
 
 
 
 

The results show a significant difference (p < 0.05) between participants’ pre-test and post-
test scores. Based on these findings, it can be inferred that the training effectively boosted employ-
ees’ knowledge levels. To see how different departments were impacted by the training, a variance 
analysis (ANOVA) was conducted. ANOVA was selected to detect whether mean differences in 
knowledge improvement exist across departments—a technique frequently used when comparing 
group-level intervention effects [28]. 

Table 3. ANOVA Results for Improvement by Department 

 

 
The ANOVA results yielded a marginally non-significant result regarding differences among 

departments (F = 1.85, p = 0.055). While this value slightly exceeds the conventional threshold of 
0.05, it suggests a possible trend toward significance. This result may indicate that departmental 
differences in knowledge gains exist, although they were not statistically confirmed at the 5% level. 

A correlation analysis was also carried out to investigate the relationship between knowledge 
gains and operational performance. It revealed a positive and significant association (r = 0.45, p < 
0.01), suggesting that increases in knowledge levels directly contribute to improved operational 
processes, thereby enhancing overall productivity within organizations. 

Furthermore, a regression analysis was undertaken to model the influence of post-training 
knowledge levels on operational performance. This analysis incorporated both pre-test scores and 

Metric Value 

t-statistic 2.35 

p-value 0.019 

No  sum_sq df F PR (>F) 

1 Department 13555.62 49.0 1.85 0.055 

2 Residual 4481.64 30.0   
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departmental variables. Although the model’s explanatory power was modest (R² = 0.243), the 
findings indicated that the effect of training varied across departments. 

Moreover, a regression analysis was undertaken to model the effect of post-training 
knowledge gains on operational performance. This analysis evaluated the influence of pre-test 
scores and departmental variables on the post-test scores. Although the model’s explanatory power 
was limited (R-squared = 0.243), the results showed that the effect of training varied among de-
partments: 

 
Table 4. OLS regression results 

 

3.5. Department-Based Analysis 

The interdepartmental analyses suggested that training effectiveness differed across depart-
ments. Departments like R&D and Sales experienced higher knowledge-level improvements com-
pared to others, presumably because these roles require more technical expertise. The Operations 
department, on the other hand, exhibited a more limited knowledge gain. These findings imply that 
training content should be customized to each department’s specific operational needs. 

3.6. Validity & Reliability 

Various measures were taken to assure the validity and reliability of this research. Experts in 
EV technologies reviewed the tests to confirm content validity. Additionally, Cronbach’s alpha was 
computed to check the consistency of the tests, and because the alpha value exceeded 0.70, relia-
bility was deemed acceptable [29]. 

3.7. Ethical Considerations 

Participants took part voluntarily, were all over 18, and fully understood the significance of 
the study. Each participant was briefed on the objectives of the research and informed about how 
the data would be used, after which they provided consent. Their identities remain confidential, and 
the data is used strictly for academic purposes. Ethical approval for the study was obtained from 
Malatya Turgut Ozal University, Social Sciences Ethics Committee. All participants were over 18, 
participated voluntarily, and were informed about the purpose, confidentiality, and data use in ac-
cordance with academic ethical standards. The methods discussed in this section offer a systematic 
framework for achieving the research objectives and for meaningfully assessing how training in-
fluences operational performance. 

4. Discussion 

The results of this study demonstrate that training programs focused on electric vehicle (EV) 
technologies significantly enhance employees’ knowledge levels, as evidenced by the increase in 
post-test scores. This finding aligns with earlier research asserting that domain-specific training 
leads to measurable improvements in knowledge acquisition and job performance [30]. It confirms 
that customized technical training, when aligned with evolving industry needs, serves as a crucial 
strategic investment for companies operating in high-tech manufacturing. 

Furthermore, the observed positive and significant correlation between knowledge gains and 
operational performance (r = 0.45, p < 0.01) reinforces the idea that training does not merely influ-
ence cognitive outcomes but also drives tangible improvements in workplace efficiency. Sivakumar 
& Kumar (2019) highlighted that effective knowledge management, especially when paired with 
structured training plays a pivotal role in organizational adaptability, particularly in the context of 
digital transformation [19]. These results also echo the meta-analytical findings of Wang et al. 
(2025), who noted that training interventions yield long-term benefits for both employee produc-
tivity and operational quality [20]. 

A deeper analysis by the department revealed that R&D and Sales teams benefited more sig-
nificantly from the training than the Operations department. This pattern emphasizes that employ-
ees in more specialized or knowledge-intensive roles often show greater responsiveness to technical 
training, especially when it directly relates to their everyday tasks. Our findings support this differ-
entiation, suggesting that department-specific instructional design is vital for maximizing training 
effectiveness. 

Although the ANOVA results did not reach statistical significance at the conventional thresh-
old (p = 0.055), the near-significant value indicates a potential trend that may become significant 

R-squared F-statistic Prob (F-statistic) 

0.243 0.3726 0.993 
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in studies with larger sample sizes or more targeted training content. (Janega et al., 2004) empha-
sized the importance of tailoring training content based on departmental knowledge baselines and 
operational responsibilities. In this study, such differentiation appears to influence knowledge re-
tention, even if not confirmed through strict statistical significance [31]. This finding also aligns 
with the assertions of Blanchard and Thacker (2023), who advocate for modular and role-adaptive 
training designs in complex organizational settings [24]. 

In addition, open-ended feedback from participants suggests a demand for more interactive 
and practical training formats, especially among operational teams. While not part of a formal 
mixed-methods approach, these qualitative insights provide supporting context to the quantitative 
results and indicate avenues for future training refinement. Similar conclusions were reached by 
Tomovic et al. (2024), who found that hybrid training models—combining digital and hands-on 
learning—boost knowledge transfer, particularly in industrial environments undergoing technolog-
ical transition [32]. 

In conclusion, this study contributes to the growing body of literature on workforce develop-
ment in EV manufacturing by illustrating that training effectiveness varies significantly across de-
partments. The findings highlight the need for a nuanced, department-sensitive approach to training 
design—one that balances conceptual knowledge with practical application. Future studies could 
expand on this foundation by exploring blended learning models and longitudinal effects of re-
peated training interventions across departments. 

5. Conclusions 

The conclusions reached through this investigation go beyond the mere observation that em-
ployee training improves operational performance. By adopting a nuanced perspective, we discov-
ered that not all departments respond identically to the same training content. R&D and Sales teams, 
for instance, seem naturally predisposed to benefit more—possibly because their roles already de-
mand a higher level of technical or customer-focused expertise. Meanwhile, the Operations depart-
ment witnessed more modest gains, suggesting that a theory-heavy curriculum may not suffice for 
roles that rely on hands-on, practical skills. 

Our work thus underscores the originality of a more granular approach to organizational train-
ing. Rather than assuming a uniform strategy, it points to the importance of designing specialized 
modules that speak directly to each department’s unique realities. This strategy not only facilitates 
deeper learning but also helps embed newly acquired knowledge into the daily workflows, thereby 
producing more tangible operational results. Another dimension worth noting is that, while the 
statistical analyses confirm a positive relationship between knowledge gains and performance, the 
influence of non-training factors remains significant ranging from management support to the very 
culture of innovation within the firm. 

In essence, this study offers both empirical evidence and a conceptual framework for ap-
proaching training in technology-intensive industries. It does not simply call for more training; 
rather, it calls for better, more thoughtful training, meticulously adapted to distinct departmental 
contexts. Future research could build upon these insights by exploring how digital learning tools 
and continuous education might further refine knowledge transfer, especially in high-tech fields 
where rapid updates are the norm. By shedding light on the interplay between specialized training, 
department-level needs, and organizational performance, we hope to inspire other scholars to in-
vestigate deeper into these dynamics, fostering a richer understanding of how companies can thrive 
in technologically advanced markets. 

Nevertheless, this study is not without limitations. First, quasi-experimental design without a 
control group limits the ability to isolate training effects from other external influences, such as 
concurrent organizational changes or managerial interventions. Second, the relatively short 
timeframe between the pre-test and post-test may not fully capture the long-term impact of training 
on operational performance. Third, while the study focused on knowledge gain and self-reported 
operational improvement, it did not incorporate direct observational or productivity-based perfor-
mance metrics, which could strengthen the findings. Lastly, the study was conducted within a single 
EV manufacturing firm in Türkiye, which may limit the generalizability of the results to other sec-
tors or cultural contexts. Future research may address these limitations by employing longitudinal 
designs, incorporating control groups, and including more objective performance measures across 
diverse organizational settings. 

6. Patents 

This research did not result in any patents. 

Supplementary Materials: The following are available online at www.jebi-academic.org/xxx/s1, Figure S1: 
title, Table S1: title, Video S1: title. 
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