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Introduction
“Employability is a lifelong issue and nobody is ever perfectly employable” (Dacre Pool, & Sewell, 2007, p. 288). Further, just being employed does not mean one is using their skills or satisfied and may not be an indicator of graduate success (Clarke, 2018). The future of work and the changing nature of the future labor market includes jobs, skills, and technologies that do not yet exist (Brent, Sanger, & John, 2017). Thus, there is a need for highly skilled yet resilient technicians whose knowledge extends beyond the classroom (Jones, Mardis, & Randeree, 2019) and who are able to work beyond the subject specific competencies (Knight & Bennett, 2019). Today’s graduates must be able to navigate complex careers by applying and transferring skills across a range of industries and professions (Brent, Sanger, & John, 2017). 
While preparing a new generation of workers is important in all industries, it is even more crucial to Science, Technology, Engineering, and Maths (STEM) sectors. STEM students have been touted as the decision-makers and innovators of the future, yet many STEM graduates do not choose a job in a STEM industry or stay in the STEM workforce over the long term (Huang, Fisher, Ding, and Guo, 2021); thus, they need to be career agile and transfer their knowledge to other sectors of the economy (Knight and Bennett, 2019). 
Clark (2019) suggested that a match between graduate skills and their job may show positive economic results. Many refer to this as the ‘graduate-ness’ of students, from students to graduate employees and citizens  (Chetwynd, Aiken, and Jefferis, 2018; Clark, 2018; Maxwell and Armellini, 2018). Therefore, one of the goals of higher education institutions should be to prepare students for volatile, complex, and ambiguous workplaces (Ferns, Dawson, and Howitt, 2019). However, these students need to turn awareness of employability skills into action and articulate the possession of these skills (Maxwell and Armellini, 2018). Being employment-ready is one thing; being able to sell those skills to a future employer is another. In the current job market, according to an article entitled “What Skills do STEM Majors Need?” (2023), hiring managers are looking for candidates who balance subject-specific, technical knowledge with adaptability and creativity. This paper aims to bridge the gap between academia and employers by focusing on four of the most sought-after transferable skills (problem-solving, communication, adaptability, and creativity) and STEM stakeholders' perceptions of such. 
Purpose
This developmental paper is part of an ongoing research project with three objectives:
1. to identify the employability skills necessary to flourish in the modern workplace, particularly in STEM disciplines,
2. to attempt to fill the gap between STEM graduate student perspectives and employers’ perspectives, and
3. to make a stronger link between STEM HEIs and the real world.
(Zizka and McGunagle, 2023)

In an earlier paper, we focused on the first objective and, with the first cohort of the study, found that graduating students believe they are prepared for the workplace compared to their future employers’ perceptions noted in previous studies (Zizka and McGunagle, 2023). We also posited the need to gather further support for our initial findings. This paper reports the findings of additional cohorts to understand better how STEM students perceive the skills they will need to succeed in the 21st-century workplace. 

To address employability skills and STEM graduates, we posit the following overarching research question: 
RQ: How do STEM stakeholders perceive employability skills differently? 
RQ1: How do STEM students perceive their employability skills? 
RQ2: Are there common (mis)perceptions of STEM students regarding their employability skills? 

Contribution
Many studies have attempted to define employability skills for young graduates 
from employers’, educational institutions’, and graduates’ perspectives. Nevertheless, specific skills such as communication, problem-solving, critical thinking, and teamwork are common to all studies (McGunagle and Zizka, 2020). This developmental paper aims to narrow the gap between the perceptions that STEM graduate students have of their employability skills versus the actual skills they have to bridge the gap between academia and employment.

Employability Skills for STEM Students
According to Hebert (2022), “employability skills are all of the extra things employers look for that go beyond your academic ability”(para. 1). They are often referred to as soft skills or transferable skills (Zizka and McGunagle, 2023). However, there is no one exhaustive list of these skills. For this reason, there has been a long-existing debate on the skills that STEM graduates should have upon graduation. While subject-specific technical skills are, without doubt, necessary, other skills such as teamwork, oral and written communication, problem-solving, critical thinking, and resilience are increasingly sought by employers (Steele, 2023). No study indicated a good degree qualification as a necessary skill (Chetwynd, Aiken, and Jefferis, 2018). In short, employers in all industries expect young graduates to have more than subject knowledge (Herbert, 2022; Steele, 2023); they seek skills that almost everyone needs to do almost any job (Chetwynd, Aiken, and Jefferis, 2018). 

Nonetheless, the debate about the employability skills that lead to success has pushed HEIs  to establish a clear list of graduate attributes for each degree course or program (Herbert, 2022). Nevertheless, there has yet to be an agreement on those skills. Research has shown that subject-specific technical skills and knowledge are essential, but professional skills are equally crucial in preparing students for life beyond university (Steele, 2023). Table 1 summarizes some of the employability skills cited in recent studies. 

Table 1. Employability Skills for STEM Graduates
	Employability Skills 
	Reference

	•	Practical skills (safety, equipment, subject-specific
              software)
•	Data handling skills (obtain and record data)
•	Data analysis skills (process and interpret data, 
              critically analyze, stats)
•	Communication skills (teamwork, present orally, write 
              reports, active listening)
•	Professional skills (plan, prioritize, self-evaluate, 
              time manage)
•	Enquiry skills (research, design and plan experiments,
              problem solve)
•	Computational skills (pattern recognition, algorithmic
              thinking, decomposition)
	Steele, A. (2023, October 19). The employability skills science graduates need: Exploring insights from employers, educators and students. https://www.learnsci.com/post/the-employability-skills-science-graduates-need-exploring-insights-from-employers-educators-and-students

	•	Communication
•	Creativity and innovation
•	Initiative and enterprise
•	Professionalism
•	Planning and organization
•	Problem identification and solution
•	Teamwork
•	Intercultural competence
•	Use of tools and technology
	Herbert, R. (2022). STEM graduates: Employable, but not yet employed. Lens- Monash University. https://lens.monash.edu/@science/2022/07/01/1384808/stem-graduates-employable-but-not-yet-employed

	•	Using initiative and being self-motivated
•	Organizational skills 
•	Working under pressure and to deadlines
•	Ability to learn and adapt
•	Communication and interpersonal skills
•	Teamwork
•	Negotiation skills 
•	Valuing diversity and difference 
•	Problem-solving skills 
•	Numeracy and IT skills 
	Top ten employability skills. (2019). STEM Learning. https://www.stem.org.uk/resources/elibrary/resource/418157/top-ten-employability-skills

	•	Collaboration and communication
•	Listening and reflecting 
•	Perspective and problem-solving 
•	Creativity and critical thinking 
•	Attitude and gratitude
	What Skills do STEM Majors Need? (2023, July 11). Shorelight Team. https://shorelight.com/student-stories/what-skills-do-stem-majors-need/



As seen in Table 1, there are some similarities in the skills that employers seek. For example, these four studies highlight communication, teamwork, and problem-solving as critical skills. Communication and teamwork involve soft skills unrelated to traditional STEM technical skills. STEM students are known for excellent technical skills as an outcome of their degree but are not traditionally encouraged to improve the ‘other’ skills mentioned in Table 1 (Herbert, 2022). This is an exciting aspect to consider moving forward. 
Methodology
This study was based on a microsimulation-based behavioral assessment designed for developmental and learning purposes. The focus is on the skills necessary for handling crises in one STEM area, that of the operational side of the airline industry. The microsimulation was completed in the autumn semester of 2023 by a purposeful sample of 49 MBA students from a STEM-based university in the United States. The total number of students enrolled in the MBA program is 288, making the sample size approximately 17% of the overall population which is sufficiently large to provide a representative snapshot of the student body. While a larger sample size could potentially offer more comprehensive insights, the selected sample is adequate for identifying general trends and patterns within the population.
Given the constraints of time, resources, and accessibility, a convenient sample of 49 was deemed practical and manageable. Conducting the study with the entire population of 288 students would have required significantly more resources and time, which were not feasible within the scope of this research.
Although the sample size is relatively small compared to the total population, it still allows for the collection of meaningful data that can be analyzed for statistical significance. By ensuring that the sample is representative of the diverse backgrounds and experiences of the MBA students, the study can draw valid conclusions from the data.
In conclusion, the chosen sample size and the demographic information of the participants are justified based on the need for representativeness, feasibility, statistical significance, diversity, relevance to research objectives, and contextual understanding. By addressing these aspects, the methodology section ensures that the study is both rigorous and transparent, thereby contributing valuable insights to the field of STEM-based MBA education.
Microsimulation
The microsimulation used in this study was a crisis management project applicable across industries. It emphasizes collaboration, teamwork, communication, risk management, problem-solving, and adaptability skills, which are essential skills in various sectors. The specific criteria for skill assessment were developed in consultation with industry partners, ensuring relevance and rigor.
In the microsimulation, students were provided with various scenarios and issues spanning different airline operational areas. The student assumed a senior-level role in a company. Four skills- problem-solving, communication, adaptability, and creativity- were identified as highly relevant to career success.  While the simulation was based on the airline industry, the skills and lessons learned are applicable across various fields. Students in our MBA program come from diverse backgrounds, including logistics, project management, aerospace, airlines, and numerous nonprofits. This diversity enriches the learning experience and broadens the applicability of the skills gained.
The microsimulation was created with industry partners and consisted of 20 emails and a written assessment of the crisis that is at the heart of the simulation. At the end of the assessment, students were provided feedback on ways to improve on those skills in the microsimulation. This assignment allowed the student to build their confidence in handling a crisis and to improve on these skills through additional assignments and training in these skill areas.
Results and Discussion
The results from the microsimulation showed significant differences between assessment results and student assessment. 

Table 2. Work Force Skills 
	
	Assessment Results
Mean           SD
	Student Assessment
Mean         SD

	Problem Solving
	59%
	.149070
	80%
	.123377

	Communication 
	67%
	.159417
	80%
	.174394

	Adaptability 
	40%
	.223571
	80%
	.145547

	Creativity 
	50%
	.222711
	77%
	.760077


Table 2 shows that according to the assessment, students scored an average of 59% in problem-solving skills, with a relatively low standard deviation, indicating consistency among the students' scores. However, students self-assessed themselves much higher, with an average score of 80%. This suggests that students perceive themselves as significantly better problem solvers than what the assessment results indicate.
Regarding communication skills, the assessment gave students an average score of 67%, again with a relatively low standard deviation. On the other hand, student self-assessment yielded an average score of 80%. Like problem-solving, students believe they are much better communicators than the assessment results reflect.
For adaptability, the assessment results are notably lower, with an average score of only 40%. The standard deviation is relatively high, indicating variation among student scores. Students' self-assessment, however, gives them an average score of 80%, again significantly higher than the assessment results. This suggests that students perceive their adaptability skills more than the assessment suggests.
In the case of creativity, the assessment results show an average score of 50%, with a moderate standard deviation. Student self-assessment, however, shows an average score of 77%. The standard deviation in student self-assessment is relatively high, indicating more variation in students' perceived creativity skills. While students still perceive themselves as better than the assessment indicates, there is more uncertainty in their self-assessment of creativity compared to the other skills.
Analysis
Across all four employability skills (Problem-Solving, Communication, Adaptability, Creativity), there is a consistent pattern where students rate themselves much higher than the assessment results.
This suggests that students tend to overestimate their skills in these areas, particularly in problem-solving and adaptability.
The standard deviation in student self-assessment varies across skills, indicating that students might have different confidence levels in their self-assessment, with creativity having the highest variability.
The discrepancy between student self-assessment and assessment results highlights the importance of objective evaluation and feedback in helping students gauge their employability skills accurately.
In conclusion, the data in Table 2 shows that STEM students perceive themselves as having higher employability skills than what formal assessments indicate. This perception could have implications for how well-prepared these students feel for the job market and the need for educational institutions to provide more accurate assessments and guidance to bridge this perception gap.
Practical implications
Previous research has attempted to identify solutions or ‘bridges’ between academia and employment to mitigate the existing gaps. Some solutions include embedding employability in academic programs and scaffolding employability-based learning within the curriculum (Brent, Sanger, and John, 2017; Maxwell and Armellini, 2018)); project-based learning based on real-life scenarios (Brent, Sanger, & John, 2017; Chetwynd, Aiken, and Jefferis, 2018); collaboration, active learning, social interaction (face-to-face or online) (Jones, Mardis, and Randeree, 2019; Maxwell and Armellini, 2018). It seems it is not difficult to identify recommendations that could improve the quality of graduates and, subsequently, raise the level of satisfaction from employers. However, as research has shown, there is no single set of skills employers want from graduates (Maxwell and Armellini, 2018), even within the same industry or field. 

Next steps and stage of this project
To respond to our overarching RQ: How do STEM stakeholders perceive employability skills differently? The microsimulation shows a discrepancy between assessment results and graduate student assessment. We will need to investigate this further in the next stage of our project. 

For the RQ1: How do STEM students perceive their employability skills? The participants seemed to be quite enthusiastic regarding their problem-solving, communication, adaptability, and creativity skills. How they assess their skills needs to be questioned in a future study. We could add questions in the next stage of this research to ascertain the basis of student perceptions. Finally, for RQ2: Are there common (mis)perceptions of STEM students regarding their employability skills? The results from this study cannot yet confirm nor deny the perceptions. Again, this could be added to our subsequent study. 

Despite solutions promoted in previous studies, the gap between academic and employment remains and shows little sign of narrowing. Some HEI stakeholders believe that teaching these skills is essential but still do not teach them (Jones, Mardis, and Randeree, 2019); others question whether employability can be taught (Clarke, 2018). For others, the workplace is changing too rapidly; thus, universities struggle to adapt (Chetwynd, Aiken, and Jefferis, 2018). A holistic approach is necessary to apply the proposed solutions (Knight & Bennett, 2019). For this reason and based on these early results, we posit the need for a roadmap for employment in the 21st century that will satisfy both employers and graduates. As our project evolves, we intend to create this roadmap to revamp and innovate STEM programs for the future. Our first step is to continue gathering evidence from our STEM students and STEM employers. We believe that the only way to narrow the gap between higher education and the real world is to analyze the issue with the most relevant stakeholders, i.e., the employers and the STEM graduates. We will use this to create a STEM employability roadmap to improve STEM higher education programs and better equip their graduates. 
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