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Abstract— The growing reliance on semiconductor-based 
technologies in the automotive sector has intensified the demand 
for a highly skilled and industry-ready workforce in the United 
States. To address this need, Wayne State University’s Electrical 
and Computer Engineering Department has developed a series of 
free, stackable hybrid workshops focused on semiconductor 
engineering, circuit design, power electronics, and printed-circuit-
board technologies. Designed to bridge the gap between 
traditional academic education and evolving industry 
requirements, these workshop series integrate virtual instruction 
with hands-on, in-person laboratory sessions, providing 
participants with practical expertise applicable to real-world 
semiconductor applications. To assess educational impact, pre- 
and post-workshop surveys are administered that measure 
knowledge gains, skill development, and confidence in applying 
newly acquired competencies. These training modules represent a 
strategic model for advancing semiconductor workforce 
development, supporting national efforts to enhance domestic 
manufacturing capacity, technological leadership, and economic 
resilience. 

Keywords— Semiconductor workforce development, Hybrid 
learning, Hands-on training, Skill-based education 

I. INTRODUCTION 
The semiconductor industry forms the backbone of modern 

technology, powering everything from smartphones and 
electric vehicles to defense systems and medical devices. As 
global competition intensifies and supply chain vulnerabilities 
become increasingly apparent, the United States has recognized 
the urgent need to expand and strengthen its semiconductor 
workforce. Workforce development is not merely an adjunct to 
technological advancement; it is a critical national priority that 
underpins economic security, technological leadership, and 
innovation capacity [1, 2]. Recent legislation, such as the 
CHIPS and Science Act of 2022, has emphasized the necessity 
of cultivating a highly skilled semiconductor workforce to 
maintain the United States' global competitiveness [2, 3]. 
However, challenges such as talent shortages, rapidly evolving 
technical demands, and a misalignment between educational 
programs and industry needs continue to hamper efforts to fully 
meet this demand [3]. Strengthening semiconductor workforce 
training initiatives—through investments in technical 
education, industry-academic partnerships, reskilling 

programs, and experiential learning opportunities—is essential 
to closing these gaps and ensuring a resilient and innovative 
semiconductor ecosystem.  

As technological complexity grows, future workforce 
strategies must also emphasize interdisciplinary training, 
integrating fields such as materials science, electrical 
engineering, artificial intelligence, and advanced 
manufacturing techniques. A robust workforce not only 
supports the expansion of domestic semiconductor 
manufacturing but also enhances national resilience against 
global supply chain disruptions and geopolitical uncertainties 
[4]. Therefore, the development of a dynamic, inclusive, and 
highly trained semiconductor workforce is fundamental to 
securing the United States' technological future. 

In response to this critical need, Wayne State University's 
Electrical and Computer Engineering Department has launched 
CareerCraft, a series of stackable workshops designed to equip 
individuals with practical, hands-on expertise in semiconductor 
engineering, circuit design, power electronics, and printed-
circuit-board technologies. By integrating virtual instruction 
with in-person laboratory sessions, these workshops provide a 
hybrid model of learning that mirrors the interdisciplinary and 
applied nature of modern semiconductor applications, 
particularly in the automotive sector. Each workshop is 
carefully structured to maximize student engagement and skill 
acquisition, featuring a limited enrollment of 30 participants to 
ensure individualized attention.  

To assess the effectiveness of the workshops, participants 
will complete pre- and post-surveys measuring learning 
outcomes, skill development, and confidence in applying newly 
acquired knowledge to real-world challenges. Initiatives like 
CareerCraft play a critical role in strengthening the 
semiconductor talent pipeline, fostering industry readiness, and 
supporting national efforts to revitalize domestic 
semiconductor manufacturing and innovation capacity [2, 4]. 

II. LITERATURE REVIEW 
U.S. universities and colleges have significantly responded 

to the demand for semiconductor education. Arizona State 
University (ASU) established the Secure, Trusted, and Assured 
Microelectronics (STAM) Center, focusing on secure 
semiconductor design in collaboration with the Department of 
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Defense (DoD) and MIT Lincoln Laboratory [5]. Similarly, 
Purdue University expanded semiconductor education with the 
Center for Heterogeneous Integration and Packaging (CHIRP), 
providing training in chip integration and packaging [6]. 
Community colleges have also played a vital role, with over 80 
institutions launching semiconductor programs, supported by 
the CHIPS Act. For example, Maricopa Community College 
District partnered with Intel and TSMC to create an associate 
degree program in semiconductor manufacturing [7]. 

The American Semiconductor Academy (ASA), launched in 
2022, unites over 200 universities to modernize semiconductor 
curricula and offer hands-on lab experiences [8]. This initiative, 
along with funding from the CHIPS and Science Act, allocates 
nearly $300 million to create talent pipelines for U.S. 
semiconductor fabrication facilities (Department of Commerce, 
2022). The National Science Foundation (NSF), in partnership 
with Intel, committed $100 million in 2024 to enhance 
educational programs and support semiconductor workforce 
development across universities and colleges [9]. The DoD has 
also supported initiatives like the Scalable Asymmetric 
Lifecycle Engagement (SCALE) program, focusing on secure 

hardware skills, and Vet S.T.E.P., a program for military 
veterans transitioning into semiconductor careers [10, 11]. 

Industry players like Intel, TSMC, and Micron have also 
invested heavily in workforce training. Intel committed $100 
million over ten years to semiconductor education, focusing on 
Ohio institutions near its new fab complex [12]. TSMC 
developed a workforce plan for its $12–$40 billion fab complex 
in Phoenix, including apprenticeship programs in collaboration 
with local universities [13]. Similarly, Micron partnered with 13 
universities in the Pacific Northwest to develop a talent pipeline 
for its upcoming memory fab in New York [14]. Other 
companies, such as GlobalFoundries, are also enhancing 
workforce development through academic collaborations [15]. 
These combined efforts aim to address the growing demand for 
skilled workers in the U.S. semiconductor industry. Figure 1 
highlights major milestones in academic, government, and 
industry efforts to develop a skilled workforce for the U.S. 
semiconductor industry. Key initiatives include the formation of 
academic programs, government legislation such as the CHIPS 
and Science Act, and significant industry partnerships aimed at 
addressing workforce shortages and ensuring the future 
competitiveness of U.S. semiconductor manufacturing.  

III. METHODOLOGY 
In this study, a pre/post survey design, similar to the seminal 

paper of [16], is employed to evaluate the effectiveness of a 
semiconductor workshop. The pre-survey assesses baseline 
knowledge, awareness, and future interest in semiconductor 
technology, while the post-survey focuses on the same areas, 
along with questions evaluating the participants' experiences 
during the workshop. The use of Likert-scale questions 
facilitated the quantification of changes in knowledge and 
motivation, while open-ended questions provided qualitative 
insights into participants' learning outcomes and perceptions of 
the workshop. Comparing pre- and post-survey responses 
enables the identification of the workshop's impact on 
participants' semiconductor-related awareness and career 
aspirations, offering valuable feedback for improving future 
educational initiatives. 

A. Survey design 
The pre-survey is administered prior to the workshop to 

establish baseline knowledge, while the post-survey is 
administered afterward to assess changes in the same areas and 
evaluate the workshop experience itself.  

Section I assesses participants’ familiarity and interest in 
semiconductor processing and manufacturing, using a Likert 
scale (1 = Strongly Disagree to 5 = Strongly Agree). Section II 
contains three sub-sections including Semiconductor awareness, 
semiconductor exposure, and semiconductor motivation. In 
semiconductor awareness, participants rate their awareness of 
semiconductor technology on a 1-5 scale, with questions such as 
"can you name a semiconductor material or device?" and "can 
you describe a process used in semiconductor manufacturing?" 
this section measures how well participants understand the 
scope and impact of semiconductor technology. semiconductor 
exposure gauges prior exposure to semiconductor technology, 
such as whether participants have heard of the term 
"semiconductor," read about it, or engaged in related activities 
like lab work or projects. these responses quantify participants’ 
practical exposure to semiconductor-related topics. in 
semiconductor motivation, participants are asked about their 
intentions regarding semiconductor technology, including 
whether they plan to read more about the field, take related 
courses, or pursue a career in the industry. this section assesses 
their future motivation to engage with semiconductor 
technology. Section III collects demographic data, including 

Figure 1: Timeline of Key Initiatives in U.S. Semiconductor Workforce Development (2014–2025). 
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age, gender, race/ethnicity, educational status, and first-
generation college student status. It also inquiries about 
participants' educational background, field of study, and prior 
coursework in semiconductors or microfabrication.  

Following the workshop, the post-survey includes questions 
on participants’ overall evaluation of the workshop, feedback on 
specific activities (e.g., lab tours, packaging demonstrations), 
and reflections on how the workshop may contribute to their 
research or career aspirations. Additional questions seek 
recommendations for future workshops and potential topics. 

B. Statistical Analysis 
One of the key objectives of this research is to assess whether 

participants’ awareness of semiconductor technology increases 
following the workshop. This is crucial for evaluating the 
workshop’s educational impact. Pre- and post-survey responses 
on awareness of semiconductor materials, devices, processes, 
and societal impact are compared using Mann-Whitney U test to 
determine if there are statistically significant improvements in 
participants’ knowledge. 

Another important aspect of this study is to examine the 
extent to which the workshop influences participants’ 
motivation to pursue a career in semiconductor technology. 
Understanding whether the workshop stimulates career interest 
is vital for assessing its practical impact. Pre- and post-responses 
to questions in the Semiconductor Motivation section are 
analyzed using a Mann-Whitney U test to identify any 
significant changes in participants’ motivation toward pursuing 
careers in the semiconductor industry. 

Finally, this research also explores whether demographic 
characteristics influence participants’ awareness and motivation 
regarding semiconductor technology. This is valuable for 
understanding how different participant groups engage with the 
field. Demographic data from Section III of the survey are 
analyzed using Mann-Whitney test and Kruskal–Wallis tests to 
examine if significant differences in motivation or awareness 
exist across different demographic groups. 

IV. RESULTS AND DISCUSSION 
A total of 45 usable survey records were collected across 

the two administrations—29 for the pre‑workshop (“Enter”) 
survey and 16 for the post‑workshop (“Exit”) survey. Because 
the instruments were anonymous and contained no unique 
identifiers, some respondents may appear in both waves; 

therefore, the pre‑ and post‑samples are treated analytically as 
independent cross‑sectional observations rather than as 
matched pairs. 

Looking at the enter survey, Figure 2, the participant 
demographics of the workshop reflects a comprehensive and 
engaged audience. The majority of participants are between the 
ages of 18–34 (78%), with representation across younger and 
older age groups. The gender distribution skews male (71%) 
with female participants comprising 29%. Most participants 
identify as Asian (68%), followed by Black or African 
American (14%), White (11%), and smaller percentages 
identifying as multiracial or preferring not to disclose.  

Educationally, the largest group hold or are pursuing 
bachelor’s degrees (39%) and master’s degrees (29%), with 
doctoral students (18%) and with a small representation of high 
school or associate degrees (18%). Prior coursework in 
semiconductors, electronics, or microfabrication is reported by 
59% of participants, while 35% has no prior experience. 
Institutional affiliations are predominantly from 4-year 
universities (72%), with smaller groups from industry (14%) 

and other sectors (10%). Notably, 31% of participants identify 
as first-generation college students, highlighting the program’s 
reach to underserved student populations. These demographics 
underscore the workshop’s broad appeal and its success in 
attracting a wide range of audience as displayed in Figure 2. 

To assess whether participants’ awareness of semiconductor 
technology increases following the workshop, data from the pre- 
and post-workshop surveys are cleaned, merged, and prepared 
for analysis. Items assessing “awareness of semiconductor 
technology” are identified by keyword searches in the question 
text (e.g., semiconductor, device, process) and are retained for 
analysis. Responses are recoded onto a five-point Likert scale (1 
= Strongly Disagree to 5 = Strongly Agree). A composite 
awareness score is computed for each participant as the mean of 
the retained items. Internal consistency is high, with Cronbach’s 
α of 0.88, indicating strong reliability in measuring the 
underlying construct of semiconductor awareness. 

Given the ordinal nature of the data and unequal group sizes, 
comparisons between pre- and post-survey scores use the 
Mann–Whitney U test (Wilcoxon rank-sum test). Effect sizes 
are reported as Rosenthal’s r (i.e., 𝑟	 = 	 |𝑍|	/	√𝑛!"#!$ 	+	𝑛!%&#), 
providing a scale-free measure of the magnitude of group 
differences. To control the family-wise error rate across the 23 

 
Figure 2: Demographic and Background Information of Participants  
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tests, the Holm–Bonferroni correction is applied. The median 
composite awareness score increases from 3.73 (IQR 3.36–4.27) 
at entry to 4.36 (IQR 4.00–4.73) at exit (U = 98.0, p = 0.002, r 
= 0.47), reflecting a large effect (Figure 3) of the 22 individual 
items, 13 show statistically significant improvements (adjusted 
p < 0.05) with small to moderate effect sizes (r = 0.28–0.57). 
The largest gains are observed in participants’ ability to 
correctly describe a semiconductor manufacturing process and 
identify an appropriate test instrument (r ≈ 0.47–0.57). This is 
an encouraging result as one full day of the 5-days workshop 
was dedicated to a combination of theoretical and hands-on 
training on semiconductor fabrication techniques throughout 
traditional lectures, cleanroom visits, and 360° VR videos.  

 Overall, the workshop produces both statistically and 
practically meaningful improvements in participants’ 
awareness of semiconductor materials, devices, processes, and 
societal applications. Gains are most pronounced in concrete 
and specific knowledge areas (e.g., processes, instruments). 
Figure 3 presents box-plots of the composite awareness scores 
for the pre-workshop and post-workshop surveys. The red 
horizontal line within each box marks the median; it rises from 
≈ 3.7 in the enter sample to ≈ 4.4 in the exit sample, visually 
corroborating the Mann-Whitney U result reported earlier 
(p = .002). The height of each box reflects the inter-quartile 
range (IQR). For the Enter group, the IQR spans roughly 3.2 –
 4.2, indicating broader dispersion of knowledge levels, whereas 
the Exit group’s IQR is narrower (4.2 – 4.6), suggesting that 
participants not only improved but also became more 
homogeneous in their understanding of semiconductor 
concepts. Whiskers extend to the most extreme values within 
1.5 × IQR; the Enter distribution shows a lower whisker down 
to about 2.2 and two mild outliers near 1.3, whereas the Exit 
distribution has no outliers and a minimum above 4.0. Taken 
together, the plot illustrates both a rightward shift in central 
tendency and a tightening of score variability after the 
workshop, supporting the conclusion that the intervention 
produced substantial and consistent gains in participants’ 
semiconductor awareness. 

Regarding the workshop influences participants’ motivation 
to pursue a career in semiconductor technology, the rank-based 
Mann-Whitney statistic for the independent pre- and 
post-groups is U = 227, after conversion to a standard-normal 
deviate (Z = -0.11), with a two-sided p-value of p = .915 (with 
Rosenthal’s correlation of 0.02, a negligible effect). Participants 
already reported very strong interest in semiconductor careers 
before the workshop, and this high motivation persisted 
afterward. The nonsignificant Mann-Whitney result (p ≈ .92) 
and the trivial effect size (r ≈ .02) indicate that the workshop did 
not produce a detectable change in career motivation on this 
item, likely because the baseline level was already near the top 
of the scale (ceiling effect) and only 16 of the 29 participants 
completed the post-survey, leading to a lower statistical power. 

A set of non‑parametric analyses was conducted to 
determine whether demographic factors moderated workshop 
outcomes. Gender was examined with a Mann‑Whitney U test 
restricted to participants who identified as male (n = 30) or 
female (n = 13); individuals selecting “Other” ( n = 1) were 
excluded to ensure adequate group sizes. Females achieved 
significantly higher Composite Awareness scores than males 

(U = 115, p = .035, r = .32), reflecting a moderate effect. The 
same comparison for motivation approached, but did not reach, 
conventional significance (U = 134, p = .067, r = .25). 
Age‑related effects were evaluated across four bands (18–
24, 25–34, 35–44, 55+) using Kruskal–Wallis tests and proved 
non‑significant for both Composite Awareness, H(3) = 3.57, 
p = .312, η² ≈ .01, and Motivation, H(3) = 5.17, p = .160, 
η² ≈ .06. Owing to sparse categories (< 3 responses each), 
ethnicity and educational status could not be analyzed robustly 
and were therefore omitted from inferential testing. Collectively, 
these results indicate a modest gender‑linked difference in 
knowledge acquisition, no reliable demographic influence on 
motivation, and negligible age effects, while underscoring the 
need for larger, more balanced samples.  

V. CONCLUSION 
This study evaluates the educational impact of a hybrid 

semiconductor-engineering workshop by analyzing pre- and 
post-survey data on participants’ awareness, exposure, and 
motivation. Across 45 responds (29 pre-workshop, 16 
post-workshop), the workshop produced a statistically and 
practically meaningful increase in knowledge: the median 
Composite Awareness score rose from 3.73 to 4.36 on a 
five-point Likert scale (U = 98, p = .002, r = .47). Improvements 
were especially pronounced in concrete skills such as 
identifying fabrication processes and test instruments. In 
contrast, motivation to pursue a semiconductor career—already 
high at baseline—showed no significant change, reflecting a 
probable ceiling effect and the reduced power of the smaller 
post-survey sample. Demographic analyses revealed a moderate 
gender effect—female participants out-performed male peers on 
Composite Awareness (U = 115, p = .035, r = .32)—but no 
reliable differences by age band. Sparse counts in several 
ethnicity and education categories precluded robust testing of 
those variables, highlighting the need for larger, more balanced 
cohorts. Overall, 81.25% of participants strongly agreed that the 
workshop was valuable and indicated it would support their 
future career or research goals. Despite the constraints, the 
findings demonstrate that a short, stackable hybrid workshop 
can deliver substantive knowledge gains to a wide range of early 
career audiences. These findings are especially valuable to 
integrate into hands-on education methods like experiential 
learning, where active engagement reinforces conceptual 
understanding. Future work incorporates -participant matching-, 
objective performance assessments, and targeted interventions 
to translate heightened awareness into sustained motivation and 
career entry to strengthen the semiconductor talent pipeline. 
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Figure 3: Box‑plots comparing composite semiconductor‑awareness scores 
before (enter) and after (exit) the workshop. 
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