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Introduction: This study explores the dynamic relationship among different academic career stages within engineering education, using academic career self-efficacy (ACSE) – one’s belief in their academic ability, as the unitary construct. The purpose of this study was to examine the relationships between the academic career segments demonstrating self-efficacy at the beginning of career, during academic progression, and post-graduation completion, along with the mediating and moderating effects corresponding to the relationships.

Methods: Quantitative survey was conducted on Indian recent engineering graduates. Data was collected from closed-ended questionnaire. Structural equation modeling was employed to analyze the relationships among academic career segments, mediation and the moderating impact of personal traits.

Results: There were statistical significances among the relationships between academic career segments with each other. Notably, ACSE during academic progression emerged as a crucial mediator between entry-level ACSE and ACSE post-graduation completion. Furthermore, gender, social caste, engineering major, campus placement and engineering grade were identified as significant moderators for these relationships.

Discussion: It sheds light on the significance of ACSE throughout diverse academic career segments enhancing career aspirations, engineering skills, and expressions and reflections that facilitate collaborative co-creation for engineering as a career. It contributes to the positive propagation of engineering education as an excellent and rewarding career choice.
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1 Introduction

Engineering education has historically been essential for economic growth, ensuring a steady supply of skilled engineers critical for national development (Centre for Economics and Business Research, 2016a; Tilak, 2023). In recent years, global demand for engineering education has surged due to promising career prospects and its role in developing skilled human capital essential for economic growth (Dubey et al., 2019; Gille et al., 2022). This rising demand aligns with the UNESCO Institute for Statistics’ (UIS) advocacy for increased participation in engineering education to advance sustainable development goals (Kanga, 2021). In response, the All India Council for Technical Education (AICTE), New Delhi allowed doubling of intake capacity across India (AICTE, 2021). Despite these efforts, several concerning issues have emerged.


1.1 Emerging trends and challenges

Firstly, there remains a notable gap between actual enrollments and sanctioned capacities in engineering programs. The All India Survey of Higher Education (AISHE) reports a 10.3% decline in undergraduate engineering enrolments from 2016 to 2021, with vacancy rates of 40% to 50% becoming prevalent (AICTE, 2021; Government of India, 2021). This discrepancy suggests a disconnect between educational capacity and the actual demand for engineering positions.

Secondly, the employment landscape for engineering graduates in India has deteriorated. The phase termed ‘jobless growth,’ where economic expansion did not lead to increased employment, has transitioned to ‘job-loss growth,’ directly leading to job losses (Kannan and Raveendran, 2019; Kathuria and Krishna, 2021). Recent reports indicate declining employment rates among Indian engineering graduates, with less than 40% securing immediate employment after graduation (SHL India, 2019; Wheebox, 2020; AICTE, 2021; Statista, 2022). This high unemployment rate, despite robust corporate demand, highlights a significant skills gap. The India Skills Report and subsequent studies have consistently underscored this misalignment between educational outcomes and job market needs (Wheebox, 2018, 2020; Statista, 2022).

This situation has led to negative stereotypes and misconceptions about the Indian engineering field, impacting motivation and reducing interest among potential students (Gupta, 2012, 2019). Consequently, there is a negative public perception of the profession and concerns among graduates about their societal standing (Gupta, 2012; Pavai Madheswari and Uma Mageswari, 2020).



1.2 International comparison and implications

India produces a vast number of engineering graduates, but its per capita engineer count and low ranking on the Engineering Index reveal gaps in quality and employability compared to countries like Russia, the EU, Japan, China, and Brazil (World Bank, 2013; Centre for Economics and Business Research, 2016a). Research highlights a significant perception that many Indian engineering graduates lack critical competencies, including technical skills and soft skills (Blom and Saeki, 2011; Loyalka et al., 2014; Honnutagi et al., 2016). This perception restricts employment opportunities and results in lower starting salaries for engineering graduates (Kolmos and Holgaard, 2019; SHL India, 2019; Tilak and Choudhury, 2021).



1.3 Self-efficacy in engineering education

These trends raise critical questions about the effectiveness of the skills that Indian engineering graduates possess. Research by Shekhawat (2020), Sinha (2021), and Roy and Roy (2023) indicates that the primary cause of unemployment among these graduates is the lack of perceived employable skills. Academic performance and career trajectories in engineering are significantly influenced by students’ psychological and behavioral beliefs (Zimmerman, 2000a; Wigfield and Cambria, 2010). Students’ aspirations and attitudes towards their careers shape their skills acquisition and employment perspectives (Becker, 2010; Crawley et al., 2014; Chan et al., 2019). Recent studies in the Indian context highlight perceived ability as crucial in reinforcing engineering education outcomes, particularly in fostering problem-solving abilities and persistence (Venugopal and Singh, 2020).

To mitigate these impacts, aspiring engineers must be self-reliant and improve their awareness and perceptions of engineering education. Self-efficacy is a crucial part of engineering education (Venugopal et al., 2020), significantly influencing academic performance and persistence. Students with high self-efficacy engage deeply with complex tasks and persist through challenges, leading to academic success (Bandura, 1989; Lent and Brown, 2019). Success in engineering as an academic career, largely depends on the self-efficacy of aspiring and graduate engineers. Addressing self-efficacy issues is vital, as the quality and quantity of engineers significantly influence a nation’s economic performance.



1.4 The research objective

This study aims to explore the disparity in beliefs about academic career among students throughout their engineering educational trajectory. By examining beliefs at three critical stages—entry, progression, and completion—the study seeks to understand how these perceptions influence academic career choices and success. Specifically, it will:


(1)Academic Career Entry: Investigate students’ initial beliefs about engineering, focusing on their awareness, interest, and expectations.

(2)Academic Career Progression: Examine beliefs regarding their ability to meet academic and skills challenges.

(3)Academic Career Completion (Post-graduation Completion): Explore beliefs about academic career experience and post-graduation reflections.



This research will assess the relationships and potential mediating influences among these stages while considering individual student characteristics within the Indian context. The ultimate goal is to bridge the gap between high demand and declining interest in engineering education, revitalizing its appeal and relevance for future generations.

This study refers to an academic career self-efficacy (ACSE) rather than work / occupation related career self-efficacy. An academic career self-efficacy (ACSE) refers to an individual’s belief in their ability to successfully perform academic tasks and achieve academic goals. This is different from work or occupation-related career self-efficacy, which focuses on confidence in performing job-related tasks and succeeding in a professional career.




2 Literature review

In engineering education, students’ self-beliefs about their capacity to acquire necessary skills and knowledge are crucial determinants of their success (Venugopal and Singh, 2020). Suresh (2006) emphasized that these beliefs and the confidence levels with which students choose engineering as a profession significantly influence participation rates, especially in India. Moreover, the ability of students to make informed decisions and maintain a strategic belief in their capabilities is vital in shaping their educational outcomes, including achievements, motivation, and overall learning experiences (Ponton et al., 2001; Mourshed et al., 2014).


2.1 Concept of self-efficacy

Self-efficacy, defined by Bandura (1986) and elaborated by Labib et al. (2021), refers to an individual’s confidence in their ability to achieve specific goals or tasks. This belief system evolves through an interplay of cognitive, social, motivational, and behavioral factors, making self-efficacy a dynamic and inherently subjective construct. Over the past decades, self-efficacy has been identified as a strong predictor of career trajectories, influencing career choice, performance, and persistence (Hackett, 1995; Zeigler-Hill et al., 2020). It is particularly significant in social cognitive career theory (SCCT), where it is shaped by mastery experiences, vicarious experiences, social persuasion, and emotional states (Bandura, 1977). Notably, self-efficacy is not an assessment of one’s inherent abilities but rather a belief in one’s capacity to effectively utilize their skills to achieve goals (Bandura, 1977; Betz and Hackett, 1981).



2.2 Academic career self-efficacy as a transformative construct

The concept of academic career self-efficacy (ACSE), introduced by Betz and Hackett (1981), applies self-efficacy to academic and career-related beliefs and behaviors. This domain-specific adaptation, sometimes referred to as academic self-efficacy, is crucial in understanding and addressing the challenges specific to engineering education (Elias and MacDonald, 2007; Honicke and Broadbent, 2016; Gerçek and Elmas-Atay, 2022). Engineering self-efficacy, in particular, relates to students’ beliefs in their ability to navigate the rigorous academic challenges characteristic of the engineering field (Concannon and Barrow, 2009). This form of self-efficacy significantly impacts academic persistence, academic performance, and career choices within engineering (Lent et al., 2005; Raque-Bogdan and Lucas, 2016; Lent and Brown, 2019; Kenny and Claudius, 2020). It is vital to note that within this study, “CSE” primarily refers to self-efficacy related to academic matters, distinct from occupational self-efficacy.



2.3 The significance of academic CSE in engineering education

Extensive educational research has underscored the pivotal role of Academic Career Self-Efficacy (ACSE) in shaping engineering students’ academic and career trajectories. ACSE influences a broad spectrum of outcomes, including students’ career choices, establishment of career goals, engagement in academic tasks, and their perseverance in completing these tasks (Van Dinther et al., 2011). This impact is supported by motivational and behavioral theories which suggest that students’ academic progress is heavily dependent on their belief in their ability to overcome various academic challenges throughout their educational journey.

Research has led to the development of several models based on Western studies on academic ACSE, which integrate psychological, cognitive, and environmental factors to explain disparate career outcomes across different cultural contexts (Betz and Hackett, 1986; Niles and Sowa, 1992; Lent et al., 1994). These models have effectively delineated the complex interactions between ACSE and various career-related behaviors and developments (Schunk, 1991; Hackett et al., 1992; Zimmerman et al., 1992; Pajares, 1996; De Vos and Soens, 2008; Hulleman and Harackiewicz, 2009). They have been instrumental in linking academic CSE to critical outcomes such as career performance and persistence (Lent and Hackett, 1987; Multon et al., 1991; Lent et al., 2008), employability (Rothwell et al., 2008; Gbadamosi et al., 2015; Praskova et al., 2015; Wang et al., 2022a; Yang and Zhang, 2022), skills development (Kenny and Claudius, 2020), career satisfaction (Rothwell and Arnold, 2007; De Vos and Soens, 2008; Duffy et al., 2015; Gerçek and Elmas-Atay, 2022), and overall career accomplishment (De Vos and Soens, 2008; Smale et al., 2019).

Empirical studies by Sullivan and Baruch (2009) and Honicke and Broadbent (2016) have further validated that engineering students with higher self-efficacy are more likely to excel academically. The application of academic ACSE has proven to be a valuable tool in attracting a diverse cohort of students and enhancing academic attainment in engineering disciplines (Hofacker, 2014). In summary, the literature firmly establishes the profound impact of self-efficacy beliefs on students’ academic performance, career choices, and pathways within the engineering field (Fouad et al., 2002; Betz and Hackett, 2006; Lent et al., 2008).



2.4 Research gap

The literature has extensively examined the utilization of self-efficacy in all aspects of human existence, encompassing both professional pursuits and educational endeavors across diverse cultures (Betz and Hackett, 1981; Zimmerman, 1995; Betz, 2000). However, the literature review identifies several notable research gaps in the field of academic ACSE, particularly in the context of engineering education and within the Indian cultural context. These research gaps can serve as potential avenues for future research:


•Indian Context: There is a noticeable shortage of research focused on ACSE within the Indian engineering education context. Limited studies explore how self-efficacy beliefs influence career choices and academic outcomes among Indian engineering students. Future research could illuminate specific challenges and factors influencing the academic trajectories of these students. (Lent and Hackett, 1987; Venugopal and Singh, 2020).

•Cross-cultural application of academic CSE models: Most existing ACSE models are developed from a Western perspective, which may not fully translate to diverse cultural contexts such as India. Future studies should examine how cultural variations impact self-efficacy beliefs and career choices, potentially refining CSE models for broader applicability. (Lent and Hackett, 1987; Sullivan and Baruch, 2009; Johnston, 2018).

•Comprehensive understanding of academic CSE: Research tends to focus on CSE at the early stages of engineering careers, particularly related to entry decisions. There is a need for more detailed studies that encompass the entire engineering educational trajectory—from entry through to culmination—to better understand how self-efficacy evolves and influences career development over time. (Hackett et al., 1992; Hackett and Betz, 1995; Sullivan and Baruch, 2009; Dunsmore et al., 2011; Lent and Brown, 2019; Warner and French, 2020; Wang et al., 2022b).

•Attracting diverse student populations: An enhanced understanding of CSE, particularly in early career decisions, could help attract a more diverse student body to engineering fields. Further exploration of CSE’s predictive and explanatory power could aid in increasing diversity within the engineering profession. (Hackett et al., 1992; Byars-Winston, 2010; Hofacker, 2014).

•Self-Efficacy post-graduation completion: While substantial research exists on self-efficacy during educational advancement, studies exploring self-efficacy post-graduation are limited. Understanding how engineering graduates value their education and perceive their self-efficacy in professional settings could provide insights into the long-term impacts of engineering education. (Bandura, 1977; Gainor, 2006; Lent et al., 2013; Kenny and Claudius, 2020)



Promotion of engineering as a career: Investigating how self-efficacy beliefs contribute to creating an inclusive environment within engineering professions could be crucial. This area of research could explore how individuals from diverse backgrounds and with varying self-efficacy levels can contribute to the co-creation of a supportive engineering community. In summary, these identified gaps underscore the need for more nuanced and culturally sensitive studies on CSE, emphasizing the entire career trajectory. By addressing these gaps, researchers can enhance understanding of how self-efficacy influences entrance into, progression within, and accomplishment in engineering and related fields, ultimately contributing to more effective career development strategies.



2.5 Research questions

Based on the research objectives, a literature review followed by a research gap, and the exploitation of ACSE as a construct, the present study seeks to answer the following research questions to examine students’ academic CSE throughout engineering graduation trajectory representing three career segments. These research questions are designed to provide a comprehensive understanding of the dynamics of academic CSE in engineering education and how it relates to students’ academic career segments.







	

	
RQ1: How do academic CSE evolve throughout the engineering academic career segments? What are the factors associated with the development of these academic career segments?












	

	
RQ2: What is the relationship among the academic career segments? Is there any mediation effect between them?












	

	
RQ3: How do students’ personal traits moderate these relationships?









3 Conceptual framework and hypothesis formation

In the field of engineering education, understanding the development of students’ ACSE across various segments of their academic journey is paramount. This conceptual framework aims to elucidate the multifaceted nature of self-efficacy among engineering students, which encompasses three distinctive segments. Each segment plays a pivotal role in shaping students’ perceptions of their abilities towards career entry, progression and post-graduation expressions and reflections. By delving into these segments, one can gain valuable insights into how ACSE progresses throughout an engineering student’s trajectory (refer Figure 1).
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FIGURE 1
Conceptual engineering academic CSE model. Source: Own creation.



3.1 Segment 1: academic CSE at career entry

The initial phase of conceptual framework focuses on students’ ACSE at the point of entry into their engineering programs. At this stage, students are faced with crucial challenges and decisions (National Academy of Engineering, 2018) that have a lasting impact on their engineering journey. Several factors come into play during the beginning stage of an engineering education journey, the ACSE undergoes a transformative process influenced by an array of factors discussed below.


•Personal Interests: Students’ inherent interests and passions play a significant role in their decision to pursue engineering as a career (Lent et al., 2008; Park and Park, 2020).

•Aspirations: Students performance goals and desires can attribute their choice of career in engineering (Alpay et al., 2008; Rohde et al., 2019).

•Competencies: Students who possess prior academic abilities related to STEM and entrepreneurship are more likely to choose engineering path (Mau, 2003; Itani and Srour, 2016; Kutnick et al., 2018; Chan et al., 2019).

•Expectations: Students’ expectations regarding the outcomes of pursuing engineering, such as job prospects and financial stability, shape their career decisions (Alpay et al., 2008). The perceived value of an engineering career, in terms of social prestige and status, and personal insights and attitude towards the career and possession of its related skills, also plays a role in governing students’ career choices (De Vos and Soens, 2008; Chan et al., 2019; Park and Park, 2020).

•Motivation: Factors like intrinsic motivation, social motivation, financial motivation, and mentor motivation further contribute to students’ career-related decisions (Betz and Hackett, 1981; Adamic et al., 1984; Lent et al., 1986, 2013; Betz et al., 1996; Kolmos et al., 2013).



The amalgamation of these factors guides students toward either embracing engineering or seeking alternative career paths. Hence, this career segment signifies the crucial juncture where ACSE begins to take root. Furthermore, these factors signify mastery and vicarious experience, social conviction, and emotional condition that have proven to be a potent stimulus for this particular segment. This particular segment, which is titled ‘ACSE at career entry’, has been formulated using scale items that have been predominantly adopted from Western literature. This is due to the scarcity of validated scale items specifically designed for the Indian context at present (refer to Table 1).


TABLE 1 Questionnaire scale items and its significance on conceptualization of career segments.
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3.2 Segment 2: academic CSE during academic progression

Self-efficacy in engineering education is a dynamic concept that evolves throughout an engineering student’s academic journey. A critical phase where self-efficacy plays a pivotal role is during academic progression.

Numerous studies highlight the significant relationship between self-efficacy and academic performance (Elias and MacDonald, 2007; Honicke and Broadbent, 2016). Self-efficacy beliefs drive students to set challenging goals, persevere in the face of difficulties, and maintain high levels of effort and commitment, contributing to improved academic performance (Hackett et al., 1992).


3.2.1 Measuring self-efficacy during academic progression

Self-efficacy related to academic progression is assessed from both objective and subjective perspectives. Objectively, it can be measured by examining graduation scores or grades (Hsieh et al., 2012; Fang, 2014). Subjectively, it encompasses the development of engineering skills, which bridge the gap between academic accomplishments and employability (Harvey et al., 2002; Itani and Srour, 2016).



3.2.2 Engineering skills as a unitary construct of academic progression

Engineering graduates need a diverse set of skills to thrive in the corporate world, including technical competencies, problem-solving abilities, communication skills, and teamwork (Wheebox, 2019). Engineering is not just about theoretical knowledge; it requires practical and technical skills to contribute meaningfully to infrastructure, goods, and services (Kubler and Forbes, 2004). Skills are developed through academic performance (Lent et al., 1994; Lent and Brown, 2013), and experiences gained throughout the academic journey (Pool and Sewell, 2007; Dražić et al., 2018; Schunk and DiBenedetto, 2021; Wujema et al., 2022).

The evolving nature of the engineering profession necessitates continuous skill enhancement. Graduates must adapt to dynamic workforce demands, ensuring long-term career success and satisfaction (Nisha and Rajasekaran, 2018). Lifelong learning and skill development are essential for maintaining competitiveness in a globalized workforce (Vuksanovic et al., 2014).

The National Academy of Engineering in the United States emphasizes the importance of cultivating skills that enhance employability (Vest, 2005). In today’s diverse and interconnected workplaces, engineering graduates need not only technical skills but also employability and entrepreneurial skills (Nair et al., 2009; Makki et al., 2016). These skills increase job market competitiveness and enable graduates to explore entrepreneurial ventures.

Employability skills, often referred to as ‘soft skills,’ ‘transferable skills,’ ‘professional skills,’ or ‘generic skills,’ are highly valued by employers for their benefits to individuals, the workforce, and the economy (Yorke, 2006). Researchers, such as Roy et al. (2018), have identified a significant association between self-efficacy and employment-related endeavors in India. Self-efficacy beliefs not only drive academic performance but also influence the development and application of engineering skills essential for professional success.

In India, employability skills often overlap with entrepreneurial skills, including business knowledge, self-confidence, communication, leadership, and problem-solving abilities (Singh and Kumar, 2022; Kaushal and Vaghela, 2023). Despite their significance, these skills have received less attention compared to traditional academic achievements (Sabharwal, 2013; Singh et al., 2014; Kolmos and Holgaard, 2019).

This study recognizes the diverse aspects of engineering skills and views academic progression as a dynamic process aimed at improving employability and entrepreneurial skills. This aligns with the development of self-efficacy through mastery and vicarious experiences. The selection of these skills is based on the 2019 Indian Skills Report (Wheebox, 2019), reflecting the global demand for well-rounded Indian engineering graduates. This construct, termed ‘ACSE during academic progression,’ encompasses a diverse set of skills that empower engineering students to excel academically, adapt to workforce demands, and thrive in a competitive job market (refer to Table 1).




3.3 Segment 3: academic CSE post-graduation completion

The final phase of the engineering education journey involves the transition of students into alumni (recent graduates). This phase is characterized by alumni expressions about their campus experiences, their engagement in student endeavors, and their contributions as donors (Alnawas and Phillips, 2015). Academic self-efficacy during this phase is crucial, particularly concerning academic career reflections and expressions, which typically occur upon the successful completion of engineering education (Hirschman, 1974).


3.3.1 Career reflections and alumni engagement

Career reflections encompass beliefs rooted in academic experiences (Elliott and Healy, 2001; Rothwell and Arnold, 2007; Muslim et al., 2012), career satisfaction (Lent and Brown, 2008; Smale et al., 2019), success (Duffy et al., 2015; Gerçek and Elmas-Atay, 2022), and accomplishment (De Vos and Soens, 2008; Smale et al., 2019). These reflections foster commitment and loyalty, essential for the long-term support of academic institutions and loyalty (Niles and Sowa, 1992; Baruch, 2001; Helgesen and Nesset, 2007). Alumni relationships with their alma mater, characterized by supportive attitudes and trust, greatly benefit career support, skill development, and personal growth (Millett et al., 2018).



3.3.2 Social persuasion and vicarious experiences

Social persuasion nurtures self-efficacy by acknowledging one’s abilities, often through positive feedback and endorsements from senior peers, significantly boosting self-efficacy (Abdul Gafoor and Muhammed Ashraf, 2012; Ahuja, 2016; Venugopal et al., 2020). Positive social support from senior peers enhances the academic beliefs, performance, and satisfaction of junior peers (Matusovich et al., 2010; Bonfield, 2021; Nob, 2021; Escobar et al., 2023).

Vicarious experiences, observing similar individuals effectively engage in a particular endeavor, play a crucial role in building self-efficacy (Bandura, 1977). Peer interactions provide valuable insights and experiences, improving the academic performance and skills of existing students and inspiring prospective students to enhance their belief in their abilities knowledge (Bandura, 1977; Boles et al., 2006; Hutchison-Green et al., 2008; Sithole et al., 2017).



3.3.3 Physiological and emotional states

Physiological and emotional states, such as enjoyment, anxiety, satisfaction, and loyalty, influence self-efficacy by fostering a constructive environment for career development (Bandura, 1977; Ponton et al., 2001). Alumni’s cognitive and emotional reactions drive them to mentor, advocate, exchange knowledge, influence, and fundraise, benefiting both prospective and existing students (Bandura, 1977; Betz, 2007; Helgesen and Nesset, 2007; Kolmos et al., 2013; Komarraju and Nadler, 2013; Yousefian, 2015; Lent and Brown, 2020; Al-Kumaim et al., 2021; Wang et al., 2022b; Zarandi et al., 2022)

Positive reinforcement through career expressions and reflections originates from sources of self-efficacy, including social persuasion, vicarious experiences, and physiological and emotional states (Ponton et al., 2001). The scales used to construct this segment include career experience, career satisfaction, assistance to prospective and existing students, and financial assistance. This segment is referred to as “ACSE post-graduation completion” (refer to Table 1).




3.4 Relationships between academic career segments

The importance of entry-related ACSE lies in its predictive value for students’ career choices, outcomes, and aspirations (Nauta et al., 1998). Students’ beliefs in their abilities to pursue and succeed in an educational program significantly influence their interest and commitment to that program (Jackson and Wilton, 2017). Research consistently shows that entry-related CSE predicts students’ performance in acquiring skills (Rothwell et al., 2009; Itani and Srour, 2016; Wang et al., 2022a; Yang and Zhang, 2022). As students progress through their engineering education, the positive impacts of early self-efficacy continue to resonate (Gbadamosi et al., 2015; Dražić et al., 2018). In the Indian context, students’ beliefs about their career prospects upon entering an engineering program also influence their employability skills (Wheebox, 2023).







	

	
Hypothesis 1 (H1): Students’ entry-related ACSE is positively associated with their ACSE during academic progression






Career segment 1 → Career segment 2

As students progress through their engineering programs, their ACSE about engineering skills plays a pivotal role in shaping their career reflections after academic completion (Rothwell and Arnold, 2007; De Vos and Soens, 2008). Academic experiences, career success, satisfaction, and loyalty contribute to the broader concept of career reflections post-academic completion (Baruch, 2001; Harvey, 2005, 2010; Yorke, 2006). A strong sense of ACSE regarding engineering skills is closely linked with satisfaction in one’s chosen field (Dacre Pool and Qualter, 2013). Moreover, employability directly influences behaviors and intentions post-graduation, including those aimed at assisting future generations (Borraz-Mora et al., 2020).







	

	
Hypothesis 2 (H2): Students’ ACSE during academic progression is positively associated with their ACSE post-graduation completion






Career segment 2 → Career segment 3



3.5 Mediating effect between the segments

Direct Connection: Students’ self-efficacy at the entry point of their educational program directly impacts their subsequent career reflections and behaviors upon completion (Ahuja, 2016; Roy et al., 2018). Students who enter their engineering program with high career self-efficacy are more likely to exhibit positive career reflections, such as satisfaction, upon academic completion (Lent et al., 2007, 2015).

Indirect Connection: Research suggests that the direct relationship between entry-related ACSE and post-graduation ACSE is mediated by ACSE during academic progression (Rothwell and Arnold, 2007; De Vos and Soens, 2008; Duffy et al., 2015; Wilkins-Yel et al., 2018). Entry-related ACSE impacts ACSE during academic progression, which in turn influences post-graduation ACSE.







	

	
Hypothesis 3 (H3): Students’ entry-related ACSE has a direct positive connection with ACSE post-graduation completion and an indirect connection via the mediating effect of ACSE during academic progression.






Career segment 1 → Career segment 3

Career Segment 1 → Career Segment 2 (Indirect, Mediating Effect) → Career Segment 3



3.6 Students’ traits as moderators

Incorporating students’ traits as moderators adds a valuable dimension to understanding the relationships among ACSE across different career segments in context to India (Geetha Rani, 2019; Gupta, 2019). Traits such as gender, social caste, native place, major enrolled in, academic grades, and campus placement opportunities can significantly influence self-efficacy and career-related behaviors.


•Gender: Gender has been recognized as an influential factor in self-efficacy and career-related decisions. Previous research indicates that males and females may have different levels of self-efficacy and may approach their careers differently (Lent et al., 2000; Marra et al., 2009; Komarraju and Nadler, 2013; Saifuddin et al., 2013; Angeline, 2021)

•Social caste: In India, social caste plays a significant role in educational attainment and opportunities. It can impact students’ access to resources, support systems, and career aspirations (Gupta, 2019).

•Native place: The geographic location and cultural background of students’ places of origin can influence their beliefs and career choices. Rural and urban backgrounds, in particular, can shape career expectations and opportunities (Tilak J. B. G., 2020).

•Major enrolled-in: The choice of engineering major can also be a moderating factor. For example, in India computer-related majors might have different career expectations than other majors. These majors have more privilege based on their growing enrollments (Gupta, 2012), specific employability skills (Gokuladas, 2011), and career opportunities (Gokuladas, 2010a).

•Academic grades: Academic grades at the time of career entry (entry grade) and completion (engineering grade) can influence self-efficacy beliefs. Students with high grades might have greater confidence in their career prospects (Tilak J. B. G., 2020).

•Campus placement: The availability of campus placement opportunities is a crucial factor in the career progression of students. Following the advent of globalization, student placement is considered the ultimate outcome of higher education. In today’s world, providing campus placement opportunities for students is perceived as an institutional responsibility, and institutions are evaluated based on the successful job placements they offer on campus (Shenoy and Aithal, 2016). It can influence students’ self-efficacy and career reflections.









	

	
Hypothesis 4 (H4): Relationships among CSE related to academic entry, academic progression, and post-graduation completion are influenced by students’ personal traits.









4 Research methodology


4.1 Research approach

Career segments; second and third are dependable constructs, whereas career segment one is an independent construct of the model, as presented in Figure 1. Due to its efficiency and applicability for gathering primary data from a large population, the quantitative survey approach was preferred (Kotler et al., 2016) with recent engineering graduates (alumni) as a single point of contact.



4.2 Participants

As this study belongs to full spectrum of engineering trajectory, it became imperative to take into account the experiences of students who have been exposed to all three segments of academic career paths. Recent graduates are the only output indicators in a position to comment on whether or not the engineering profession has met their career goals and expectancies (Saunders-Smits and de Graaff, 2012; Alnawas and Phillips, 2015) in regard to their academic progression and completion. Consequently, in this study recently engineering graduated students (recent alumni) who were about to enter into their occupational career (job market) were selected as the subject group (population) purposefully for this investigation. They firmly provided valuable insights into their academic aspirations, progression and career experiences.

A selection of thirteen engineering institutions located in North Maharashtra, India was made from a sampling frame consisting number of engineering institutions, based on their accessibility and convenience. The nominated participants were recent graduates who had completed their graduation in the recent academic year 2019 from these institutions. Contacts of 2,449 graduates including their email addresses and WhatsApp numbers, were obtained by formally requesting the data from these institutions. Consent was received from these institutions to use the provided data for the self-report survey. The survey specifically targeted individuals aged between 21 and 24 years, ensuring diversity in terms of demographic characteristics, geographical locations, social status, and academic backgrounds as exhibited in Table 2.


TABLE 2 Descriptive statistics of alumni students participated in survey.
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4.3 Procedures

To enhance the flexibility of participation in terms of time and location, and to facilitate a prompt response from the student participants, an online self-report survey was conducted using the Google Form tool over the internet (Kolb, 2008). The decision to use an online survey was informed by its ability to automatically collect responses and the convenience it offers to both researchers and participants (Vasantha Raju and Harinarayana, 2016).

In early March 2020, a link to the survey questionnaire, created through the Google Form tool, was distributed to the identified contacts of recent engineering graduates via email and WhatsApp. After a 15-day data collection period, the availability of the Google Form questionnaire link was terminated. During the first half of March 2020, out of the initial pool of 2,449 sample graduates, a total of 573 (N = 573) responses were received within the fifteen-day timeframe, resulting in a response rate of 23.4%. It is important to note that no missing data was reported due to non-response to the questions. All survey respondents provided written authorization before responding to survey, indicating their consent to participate in the survey and allowing for the survey data to be made public. The responses were automatically collected and stored in the researcher’s Google account.

The data for this study was collected in March 2020, just before the COVID-19 pandemic’s full impact. The four-year reporting delay is due to pandemic disruptions. Despite this, the data remains applicable as it provides a baseline for comparing pre- and post-pandemic trends in ACSE among engineering students. The core issues of self-efficacy, employability skills, and career choices have persisted, making the findings relevant. Additionally, these insights can inform strategies to address challenges in engineering education caused by the pandemic.

The use of a self-reported survey offered several advantages, primarily the elimination of potential bias that could arise from a surveyor’s influence or interpretation. Additionally, it enabled the researchers to maximize the number of participants who could respond within the set timeframe. It’s important to note that, since this survey involved human participants, it was reviewed and approved by the Institutional Ethical Committee to ensure ethical research practices.



4.4 Measures


4.4.1 Instrument development

To measure the constructs of interest, a closed-ended questionnaire was developed, following the guidelines provided by Cohen et al. (2007) and Ary et al. (2010). The development process involved a meticulous examination of the existing body of literature on ACSE in engineering education. To enhance the questionnaire’s content validity, the scale items were critically assessed by esteemed educational authorities, including academic professors, deans, and principals, along with a subset of alumni respondents who served as representatives of the sampling units.

The content validation process ensured that the scale items were comprehensive and reflective of the formulated hypotheses, following the recommendations of Straub (1989). This rigorous review process helped refine the questionnaire items and confirm their relevance to the research objectives.



4.4.2 Instrument structure

The questionnaire consisted of several sections. It began with an introductory section that emphasized the importance of the survey and collected participants’ demographic information, including gender, socio-demographic factors (such as social caste), and geographic details related to their native place. Additionally, the questionnaire gathered academic data, such as the specific engineering major in which participants were enrolled, the grades they had received before entering their engineering programs, the grades they earned upon graduation, and whether they had received a campus placement offer before completion of their education.

The main body of the questionnaire consisted of questions related to the three career segments of ACSE. Respondents provided their responses using a Likert scale, ranging from 1 (indicating the least importance) to 5 (indicating the most importance).


•Section I: This section focused on ACSE for pursuing a career in engineering. It included ten scale items that captured aspects of career aspiration, expectations, goals, and outcome values, aimed at assessing ACSE at the entry level.

•Section II: This section explored ACSE during academic progression. It posed questions related to ACSE concerning engineering skills, encompassing both subjective skills related to employability and entrepreneurship. This section comprised fourteen scale items.

•Section III: The final section of the questionnaire addressed ACSE post-graduation completion. It presented five scale items that measured ACSE in terms of career experience, satisfaction, and loyalty, beliefs held after the completion of their engineering education.



The questionnaire’s structure allowed for a comprehensive assessment of the participants’ career ACSE across different segments of their engineering education (refer Table 1).



4.4.3 Pilot testing

Before the official survey commenced, a pilot testing phase was conducted on a small-scale sample comprising 57 respondents (10% sample). The pilot test aimed to evaluate the feasibility of the proposed conceptual framework, validate the technical language used in the questionnaire, and assess the sequence of the questions within the survey instrument.

Based on the feedback received, minor refinements were made to enhance the clarity and flow of the questionnaire. The survey instrument demonstrated excellent internal consistency, with a Cronbach’s Alpha coefficient exceeding 0.9. This high level of internal consistency suggests that the scale items within each section of the questionnaire measured the intended constructs effectively and reliably. The results of the pilot testing indicated that the survey instrument was well-structured and comprehensible.




4.5 Analysis

To address research question RQ1, a Confirmatory Factor Analysis (CFA) analysis was conducted to assess the significance and accountability of scale items included in Sections I, II, and III in contributing to their respective constructs (career segments). This analysis aimed to assess the factor structure of the scale items and their alignment with the corresponding career segments (constructs). It’s important to note that no specific hypothesis were formulated for this stage of the analysis, as the question primarily focused on understanding the accountability of structure of the data for corresponding constructs.

To validate the hypotheses outlined in H1, H2, and H3, and to arrive at conclusions for research question RQ2, CFA was performed first to validate the structural relationships. Reliability and validity tests were also performed to ensure the robustness of the measurement models. Then, Structural Equation Modelling (SEM) was employed. SEM allowed for the confirmation of the conceptual relationships between the career segments, as well as the examination of potential mediation effects. SEM was confirmed with the related fitness indices. Sections I, II, and III collectively contributed to the validation of H1, H2, and H3 by assessing the relationships between these career segments. Furthermore, in conjunction with the personal characteristics of the graduate engineers, these sections played a crucial role in the validation of hypothesis H4, as well as in responding to research question RQ3.

The statistical analysis was conducted using the Statistical Package for Social Sciences (SPSS 29.0). Specifically, SPSS was used for data processing, descriptive statistics, and initial exploratory analyses. For the more complex SEM analyses, IBM AMOS (version 29.0) was employed. AMOS facilitated the confirmation of the relationships and mediation effects within the structural model. Additionally, AMOS was utilized to perform multiple group comparisons, enabling the identification of potential moderating effects of students’ personal traits on the relationships between career segments. These analyses involved pairwise parameter comparisons to evaluate the impact of individual characteristics on the model’s outcomes.




5 Results


5.1 Descriptive statistics

Descriptive analysis was performed as the first stage of the statistical analysis through SPSS to determine the profile of the survey respondents, as presented in Table 2.



5.2 Classification of traits

Table 2 provides an overview of the survey participants’ characteristics, including their personal traits. These traits were used to categorize and analyze the respondents based on their demographic, geographic, and socioeconomic backgrounds.

The social caste group division was based on educational and cultural advancements (Bertrand et al., 2010). In India, the caste system is complex and diverse, with scheduled tribes, scheduled castes, and special backward castes considered historically disadvantaged groups (lower caste), while other backward castes and general castes tend to enjoy greater social and educational privileges (upper caste) (Subramanian, 2015; Malish and Ilavarasan, 2016). Accordingly, panticipants were categorized into upper caste and lower caste groups.

Considering India’s diverse linguistic, religious, and cultural landscape, individuals’ beliefs and perspectives can vary based on their local context. Place of origin was categorized as rural or urban, with rural areas often defined by panchayat governance and urban areas encompassing tehsil and municipal governance (Bhagat, 2005; Census Commissioner of India, 2011).

Engineering majors were categorized based on their curriculum and practicality in the industry (Tilak J. B., 2020). Computer allied majors included fields such as computer science, information technology, and electronics, while the rest were classified as non-computer allied majors.

The grading system used in this study adhered to the assessment and evaluation criteria of the respective boards or universities. Grading criteria can vary between institutions, and this classification ensured consistency in the analysis (SCRIBD, 2009).



5.3 Confirmatory factor analysis with reliability and validity

CFA was conducted to evaluate the precision of the constructed indicators and assess the factor structure associated with the three identified constructs (Segments S1, S2, and S3) (Field, 2013; Kline, 2015). The study had predetermined assumptions and hypotheses, confirming the existence of these constructs and their corresponding factor structures: S1 ← (S1-1 to S1-10), S2 ← (S2-1 to S2-14) and S3 ← (S3-1 to S3-5). Henceforth, CFA was directly conducted to confirm or reject the hypothetical paths specified in the conceptual model (Barrett, 2007).

Prior to conducting CFA, data were screened for normality, with skewness values ranging from −0.067 to −0.636 and kurtosis values ranging from −0.943 to −1.335. All these values exhibited normality, ensuring the validity of further analysis (Kline, 2015). Further statistical tests, such as the Kaiser-Meyer-Olkein value (0.98), Bartlett’s Test of Sphericity (p-value < 0.001), and communalities above 0.5, confirmed excellent sample adequacy for all three constructs (S1, S2, and S3) (Vogt and Johnson, 2011). The sample size of 573 exceeded the minimum ratio of 20 (samples to the number of variables) required for robust analysis (Floyd and Widaman, 1995; Maxwell Scott, 2000; Creswell, 2012). Additionally, the sample size met Hoelter’s critical N criteria (N = 436, p < 0.01) for Structural Equation Modeling (SEM).

Factor analysis was separately performed for each construct (S1, S2, and S3) with Eigenvalues greater than 1. The included scale items (factor structure) for ACSE at career entry (S1), during academic progression (S2), and post-completion (S3) explained 77.33%, 92.3%, and 92.62% of the variance, respectively. All factor structures provided strong conceptual foundations and support for their inclusion in their respective constructs (refer Table 3). The response to the research answer RQ1 is provided as all three segments have been accounted strongly by the virtue of their factor structure (Fornell and Larcker, 1981; Hair, 2009).


TABLE 3 Scale reliability: factors with internal consistency.
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Reliability was assessed using Cronbach’s alpha, which showed excellent internal consistency with values above 0.90 (Churchill, 1979). Item-to-total correlations were examined, with strong values > 0.6 (Fornell and Larcker, 1981; Briggs and Cheek, 1986), further confirming the reliability of the scale items.

Convergent validity was established through construct reliability (CR) and average variance extracted (AVE), with CR values ranging from 0.971 to 0.991, exceeding the minimum 0.80 threshold (Fornell and Larcker, 1981; Bagozzi and Yi, 1988) (refer Table 3). AVE values for the constructs (S1 = 0.773, S2 = 0.923, S3 = 0.926) were above 0.50, indicating good convergent validity (Fornell and Larcker, 1981). Additionally, CR values were higher than the AVE values for all three constructs, confirming convergent validity (Hair, 2009; Hair et al., 2010) (refer Table 4).


TABLE 4 Descriptive statistics: convergent validity and discriminant validity.
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Discriminant validity was also established, with the square roots of the AVEs (S1 = 0.879, S2 = 0.960, S1 = 0.962) exceeding the respective inter-construct Pearson correlations (S1 → S2 = 0.637, S2 → S3 = 0.903, S1 → S3 = 0.602, p < 0.001) (Bagozzi, 1981; Fornell and Larcker, 1981; Hair et al., 2010). These results indicated that the constructs manifested distinct characteristics from one another, ensuring discriminant validity (refer Table 4).



5.4 Structural equation modeling

Based on the conceptual framework, the three constructs characterizing career segments derived from CFA were linked by the hypothetical paths depicted in Figure 1. To evaluate the structural model, SEM was performed using IBM SPSS Amos 29 software. The SEM involved a total of 63 variables, comprising 29 observable and 34 unobserved variables, with 32 exogenous variables and 31 endogenous variables. The SEM results indicated that the model with a sample size of 573 was overidentified and recursive.

The SEM output, as presented in Figure 2, displayed values without modification of indices. Modifications were applied only to some error variances identified by AMOS through the modification indices tab. These modifications aimed to establish connections to reduce discrepancies and enhance the model’s fit (Schreiber, 2008). These adjustments were made while ensuring that the underlying hypotheses remained unaffected.


[image: image]

FIGURE 2
Structural equation model for engineering academic CSE. Source: SPSS AMOS.


The residual variables, identified with modification indices equal to or greater than 30 (Ho, 2014), were interconnected to yield the final measurement model with improved fit indices. After modification, the chi-square (χ2) result remained significant, indicating a good fit for the hypothesized model (χ2 = 3115.63, df = 1071, p < 0.001, χ2/df = 2.9, TLI = 0.963, CFI = 0.967, RMSEA = 0.041).

The R2 values for the endogenous variables S2 (ACSE during academic progression) and S3 (ACSE post-graduation completion) were 0.42 and 0.84, respectively. These values indicated moderate and strong strength of estimation, respectively (Cohen et al., 2013; Hair et al., 2013).

The fitness metrics, as shown in Table 5, for the measurement model in this investigation align with diverse fitness metrics suggested for SEM, substantiating the credibility of the associations among variables (Teo, 2014). SEM also established the direct and indirect effects among the underlying constructs, as revealed by the findings of this study (refer Table 6).


TABLE 5 Fitness of engineering CSE model.
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TABLE 6 Relationships and Mediation: Estimates between the segment constructs.
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5.5 Relationship between career segments 1 and 2: testing of hypothesis H1

The ACSE structural model revealed a significant and substantial impact of career segment S1 on career segment S2, with an accountability of 42%. This impact was positive, denoted as S1 → S2, with a path coefficient (β) of 0.65. When career segment S1 increases by one standard deviation (SD), career segment S2 increases by 0.65 SD (B = 0.69, S.E. = 0.04, C.R. = 17.86, p < 0.001).

This result validates and, therefore, accepts the hypothesis 1 (H1) stating that students’ entry-related ACSE (S1) is positively associated with their ACSE during academic progression (S2) (refer to Table 6). In other words, ACSE related to aspiration, expectation, outcome values, and motivation at the entry level significantly impacts ACSE during academic progression aligned with engineering skills. This finding emphasizes the importance of engineering skills in students’ academic progression.

This result is consistent with prior research by Mamaril et al. (2016) and Zimmerman (2000b), who found that engineering ACSE related to program utility and task value significantly influences students’ performance in engineering skills. It also aligns with previous studies that demonstrated how ACSE related to choice decisions and expectancy are influencing factors for ACSE perceived throughout academic learning (Hackett et al., 1992) and performance (Park and Park, 2020; Labib et al., 2021) and skills (Itani and Srour, 2016).



5.6 Relationship between career segments 2 and 3: testing of hypothesis H2

The SEM results indicated that career segment S3 was significantly and directly impacted, with 84% of its variance explained by career segment S2. There was a positive influence of S2 on career segment S3, denoted as S2 → S3, with a path coefficient (β) of 0.88. In practical terms, as career segment S2 increases by 1 SD, career segment S3 increases by 0.92 SD (B = 0.92, S.E. = 0.03, C.R. = 30.167, p < 0.001).

This result provides strong support for hypothesis H2 (refer to Table 6). It suggests that students’ ACSE (S2) regarding the engineering skills they acquire during their academic progression has a significant and positive impact on their ACSE (S3) post-graduation completion expressions and reflections, including their experience, satisfaction, and loyalty to their engineering studies.

This finding aligns with research by (Bandura and Locke (2003) and (Berntson et al., 2010), which emphasize that performance attainment and perceived experience lead to varying levels of career completion reflections. This finding is in line with studies that have reported a positive correlation between self-perceived engineering skills and career satisfaction (Dacre Pool and Qualter, 2013) and between engineering skills and indicators of career success such as voice and loyalty (Berntson et al., 2010).



5.7 Mediating effect corresponding to career segment 1 and 3: testing hypothesis H3

Examining the relationship between career segments S1 and S3, it was found that career segment S1 has a direct and significant impact on career segment S3, indicating a positive association (S1 → S3, β = 0.05, B = 0.055, S.E. = 0.027, C.R. = 2.028, p < 0.05). Furthermore, an additional significant impact was observed indirectly, mediated by career segment S2 (β = 0.58, p < 0.001). Consequently, career segment S3 is significantly and positively influenced by career segment S1 both directly and indirectly through the mediating role of career segment S2, with a total standardized estimate (β = 0.63), as detailed in Table 6.

These results provide support for hypothesis H3, which posits that students’ entry-related ACSE has both a direct positive connection with ACSE in post-academic completion behaviors and an indirect connection via the mediating effect of ACSE during academic progression.

The expressions and reflections that mark the completion of one’s career, such as academic satisfaction (Borrego et al., 2018) and perceived experiences (Breeding, 2008), can serve as persuasive influences operating through vicarious means. This influence not only imparts knowledge and information to prospective students but also offers guidance and support to existing students (Hofacker, 2014; Borrego et al., 2018). Similar findings have been reported by Sheldon and Kasser (2001), Duffy et al. (2015), and Gerçek and Elmas-Atay (2022), who observed positive relationships between ACSE perceived at career entry and expressions of satisfaction post-graduation completion. According to this study, improved academic performance in terms of engineering skills may have met students’ expectations about their careers, thus influencing their perspectives on career completions. Consequently, engineering skills play a significant role in facilitating the transition from the commencement of a career to its successful completion.



5.8 Effect of moderator: testing hypothesis H4

Moderation involves examining whether the relationship between an independent variable and a dependent variable is influenced by a third variable known as the moderator variable (Swanson and Holton, 2005). Moderation helps assess heterogeneity in data (Strasheim, 2014), and it can impact both the direction and strength of the relationship between two variables. In this study, the author used the subgroup methodology in AMOS, which is considered a robust technique for analyzing categorical moderation (Lowry and Gaskin, 2014). Multiple groups were moderated through a series of pairwise parameter comparisons, which aimed to assess differences in the parameters of hypothetical paths (S1 → S2, S2 → S3, S1 → S3) connecting the constructs. These comparisons were designed to investigate the moderating effect of categorical variables (students’ traits) on the hypothetical paths. The presence of moderation was evaluated based on critical ratios that indicate differences akin to z-scores at a 95% confidence level (Singh and Sharma, 2016; Feder and Niţu-Antonie, 2017). To identify the presence of moderation, a threshold value of z > 1.96 was used (Gao et al., 2008).

CFA model was assessed for the moderating influence of seven independent categorical variables representing students’ individual characteristics through pairwise parameter comparisons. The results of these analyses are summarized in Table 7.


TABLE 7 Multi-group confirmatory factor analysis (MGCFA) for evaluating moderating effect.
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5.8.1 Gender as a moderator

In this study, the author examined the moderating effect of gender on three hypothesized relationships: S1 → S2, S2 → S3, and S1 → S3. Gender was found to be a significant moderator, particularly in the relationship between S1 and S2 (CR = 1.9626 > |1.96|), supporting hypothesis H4. This implies that the effect of S1 on S2 differs significantly depending on gender. The path coefficient (β) for S1 → S2 was significantly different from zero for both males and females, and these coefficients also significantly differed from each other across the sexes. However, gender was not found to be a statistically significant moderator for the paths S2 → S3 (CR = −0.153 < |1.96|) and S1 → S3 (CR = 0.079 < |1.96|), leading to the rejection of H4 for these paths.

An interesting observation was that females (S1 [image: image] = 3.4, S2 [image: image] = 3.7, S3 [image: image] = 3.6) exhibited higher levels of ACSE than males (S1 [image: image] = 3.3, S2 [image: image] = 3.6, S3 [image: image] = 3.4) across all three career segments within the engineering trajectory.

The significant gender moderation effect for S1 → S2 indicated that both males and females experienced a positive influence of S1 on S2. However, the moderation effect was more pronounced in females. Specifically, when the ACSE at career entry (S1) increased by one standard deviation (SD) for females, their ACSE during academic progression (S2) increased by 0.703 in SD, while for males, it increased by 0.622 in SD.

This finding is in line with the trend observed in India, where females have shown a growing interest in pursuing engineering as a profession (Gupta, 2012, 2019) and have demonstrated superior academic performance in this field compared to males (Singh et al., 2007). Females tend to perform better in engineering skills (Gokuladas, 2011; Macphee et al., 2013) and display higher levels of ACSE, particularly when provided with contextual support and social persuasion at the beginning of their engineering education (Raelin et al., 2014; Mahajan, 2019). Several studies have also reported higher levels of ACSE among females than males (Hutchison et al., 2006; Lent et al., 2013; Pantic and Clarke-Midura, 2023). Therefore, female students in this study exhibited stronger ACSE during their academic progression (S2) in comparison to their male counterparts, mainly because of the higher levels of ACSE they held at the beginning of their careers (S1).



5.8.2 Social caste as a moderator

In this study, the author investigated the moderating effect of social caste on the relationships between different career segments (S1, S2, and S3). It was observed that individuals from the upper social caste (S1 [image: image] = 3.4, S2 [image: image] = 3.6, S3 [image: image] = 3.5) displayed stronger ACSE across all career segments compared to those from the lower social caste (S1 [image: image] = 3.3, S2 [image: image] = 3.5, S3 [image: image] = 3.3). Social caste was found to be a significant moderator for the relationship between S1 and S3 (CR = −2.582 > |1.96|), supporting hypothesis H4. However, for the relationships S1 → S2 (CR = 0.492 < |1.96|) and S2 → S3 (CR = 0.686 < |1.96|), the moderating effect was not statistically significant, leading to the rejection of H4 for these relationships.

The moderating effect of social caste was observed to weaken the impact across social caste groups. The effect of ACSE at career entry (S1) on ACSE post-graduation completion (S3) was significant but varied across social caste groups. Specifically, the impact was positive and significant for the upper social caste (S2 → S3; R2 = 0.83, β = 0.076, B = 0.086, S.E. = 0.031, C.R. = 2.745, p-value < 0.01) but lower than expected (negatively poised) and statistically insignificant for the lower social caste (S2 → S3; R2 = 0.86, β = −0.073, B = −0.075, S.E. = 0.054, C.R. = −1.392, p-value > 0.05). A one SD increase in S1 led to a 0.076 SD increase in S2 for the upper social caste and a 0.073 SD decrease for the lower social caste. This suggests that, due to their ACSE at the beginning of their engineering education (S1), students from the lower social caste tend to express lower levels of satisfaction, experience, and loyalty upon completing their academic studies (S3) compared to students from the upper social caste.

For the career segment S1, students from lower social caste backgrounds have possessed low ACSE (S1 [image: image] = 3.3) for their inclusion into engineering career than their higher social caste counterpart (S1 [image: image] = 3.4), supporting the study of Gupta (2019). Furthermore, in accordance with the findings of Deshpande and Newman (2007) and Gupta (2019), this study revealed that lower caste students possessed a lower level of engineering skills (S2, [image: image] = 3.5) than did their upper caste counterparts (S2, [image: image] = 3.6). Similarly, the study demonstrated lower ACSE post-graduation completion for lower caste students (S3, [image: image] = 3.3) than for upper caste students (S3, [image: image] = 3.5). As noted by this study, S2 as a mediator additionally has a mediating impact on post-graduation completion (S3).

Furthermore, within the surveyed population, 59.4% of lower caste students did not secure campus placements, which is greater than that of their upper caste counterparts (49.5%). The outcomes of students’ careers and their subsequent behaviors, such as satisfaction and loyalty, are contingent upon the gain in engineering skills (Blom and Saeki, 2012) and, consequently, placement (Thomas, 2011). In such a scenario, ACSE post-academic completion in terms of career expressions and reflections of lower social caste students may fall short of their initial expectations due to a lack of engineering skills and subsequent without campus placement selection. Consequently, students from lower caste backgrounds exhibit lower ACSE after career completion in terms of experience and reflections (S3) than do their upper caste counterparts because ACSE is believed at their career entry (S1) and ACSE believed during academic progression on engineering skills (S2). This specific form of moderation effect sheds light on how social caste can influence the relationship between career segments and has not been extensively documented in previous literature.



5.8.3 Native place as a moderator

Previous studies conducted in India have underscored the significance of students’ geographical backgrounds, distinguishing between urban and rural areas, as influential factors in shaping their career-related decisions and actions (Sahni and Shankar, 2012; Krishna, 2014; Jha, 2017). Often, urban students tend to outperform their rural counterparts in various aspects related to ACSE. This study also found that urban students (S1 [image: image] = 3.4, S2 [image: image] = 3.7, S3 [image: image] = 3.6) exhibited more pronounced impacts on all dimensions of ACSE compared to their rural counterparts (S1 [image: image] = 3.1, S2 [image: image] = 3.4, S3 [image: image] = 3.3).

However, the results of this study presented contradictory findings concerning the relationships among different career segments of ACSE. For all hypothetical paths; S1 → S2 (CR = 0.026 < |1.96|), S2 → S3 (CR = 1.267 < |1.96|), and S1 → S3 (CR = 0.000 < |1.96|), the moderating effect of native place was found to be statistically insignificant. This suggests that there are similar patterns of ACSE across these specific hypothetical paths among students from both urban and rural geographical areas. Consequently, hypothesis H4, which proposed a moderating effect of native place, is rejected. These findings are consistent with prior research conducted in the Indian context, which also indicated that students’ place of origin does not significantly influence their academic performance (Kittur, 2020) or overall ACSE (Abdul Gafoor and Muhammed Ashraf, 2012).

It’s worth noting that the insignificance of native place as a moderator in this study could have implications for educational policy and interventions aimed at narrowing the urban-rural divide in terms of career ACSE and related outcomes among students in India.



5.8.4 Entry grade as a moderator

The influence of students’ prior academic performance in science and mathematics subjects before entering an engineering profession has been widely recognized as a significant factor that shapes individuals’ career choices, aspirations, and outcomes (Lent et al., 1986; Tilak J. B. G., 2020). It has also been shown to impact academic progress within the Indian context (Gokuladas, 2010b) as well as in Western countries (Betz and Hackett, 2006). Similarly, in the present study, students with higher entry-level grades (S1 [image: image] = 3.4, S2 [image: image] = 3.6, S3 [image: image] = 3.5) displayed higher levels of ACSE across all career segments compared to students with lower grades (S1 [image: image] = 3.2, S2 [image: image] = 3.5, S3 [image: image] = 3.4).

However, the findings of this study revealed unexpected results regarding the role of entry grade as a moderator. Entry grade as a moderator was found to be statistically insignificant across the academic journey in engineering, encompassing the hypothetical paths S1 → S2 (CR = −0.266 < |1.96|), S2 → S3 (CR = −0.288 < |1.96|), and S1 → S3 (CR = 1.080 < |1.96|). These results suggest that there is a similar pattern of ACSE among students, irrespective of their entry grades (whether higher or lower), concerning these specific paths. Consequently, hypothesis H4, which proposed entry grade as a moderator, was not supported.

These findings may have implications for educational policies and interventions aimed at addressing disparities in ACSE and related outcomes among students in the field of engineering. While entry grades may influence initial career choices, they do not seem to significantly impact students’ ACSE and career outcomes as they progress in their engineering education.



5.8.5 Major as a moderator

Hypothesis H4 has been supported, indicating that the hypothetical path S1 → S2 (CR = −2.042 > |1.96|) significantly impacts the moderator variable, which is students’ enrolled major. However, for the paths S2 → S3 (CR = 0.797 < |1.96|) and S1 → S3 (CR = 0.851 < |1.96|), the moderating effect is not significant, leading to the rejection of H4 for these paths.

Students enrolled in computer-related majors (S1 [image: image] = 3.5, S2 [image: image] = 3.7, S3 [image: image] = 3.6) exhibited higher levels of ACSE across all three career segments (S1, S2, and S3) compared to students in non-computer-related majors (S1 [image: image] = 3.2, S2 [image: image] = 3.5, S3 [image: image] = 3.3). However, regarding the moderating effect, it negatively impacts the relationship between S1 and S2. The moderating effect weakens this relationship, with a more pronounced impact on students enrolled in computer-related majors. For students in computer-related majors, a one-standard deviation increase in S1 results in a 0.783 standard deviation increase in S2 (S1 → S2; R2 = 0.48, β = 0.690, B = 0.783, S.E. = 0.061, C.R. = 12.818, p-value < 0.001). In contrast, for students in non-computer allied majors, this increase in S2 is limited to 0.621 standard deviations (S1 → S2; R2 = 0.38, β = 0.608, B = 0.621, S.E. = 0.051, C.R. = 12.240, p-value < 0.001).

The choice of enrollment in an engineering major, specifically computer-related majors, is often influenced by factors such as recognition, higher compensation, and various career opportunities (Tendhar et al., 2018). These factors lead students to hold stronger beliefs in their academic performance (María Cubillo-Pinilla et al., 2006). Consequently, students enrolled in computer-related majors tend to have higher ACSE early in their academic journey, which, in turn, positively influences their performance in engineering skills. Among students enrolled in computer-related majors, the growth of their ACSE related to engineering skills throughout their academic progression was significantly greater (S2 [image: image] = 3.7, R2 = 0.48) than that of students enrolled in non-computer majors (S2 [image: image] = 3.5, R2 = 0.38). This difference can be attributed to the unwavering belief in ACSE they held at the beginning of their academic journey, encompassing their aspirations, perceived outcome value, and motivation, in the context of major enrollment. These results align with previous research conducted in India by Gokuladas (2011) and Western studies conducted by Pantic and Clarke-Midura (2023), which indicated that students pursuing computer-related majors tend to possess superior engineering skills compared to their counterparts in non-computer-related majors.



5.8.6 Campus placement as a moderator

The influence of ‘campus placement’ on engineering students’ ACSE across different career segments was explored in this study. The results indicated that campus placement plays a significant moderating role in determining the impact of ACSE at the beginning of students’ professional journey (S1) on their ACSE during their academic progression (S2), as evidenced by the significant path S1 → S2 (CR = 2.122 > |1.96|). Hypothesis H4 has been supported in this context. However, campus placement did not show a significant moderating effect on other pathways, namely, S2 → S3 (CR = −1.085 < |1.96|) and S1 → S3 (CR = 1.351 < |1.96|). Therefore, H4 is rejected for these specific pathways.

In terms of ACSE within individual segments (S1, S2, and S3), students who secured campus placements (S1 [image: image] = 3.5, S2 [image: image] = 3.9, S3 [image: image] = 3.8) exhibited higher levels of ACSE compared to students who did not secure campus placements (S1 [image: image] = 3.1, S2 [image: image] = 3.3, S3 [image: image] = 3.2).

Regarding the path S1 → S2, the moderating impact was more pronounced for students who did not secure campus placements. For students who were not selected in campus placements, a one SD increase in S1 resulted in a 0.74 SD increase in S2 (S1 → S2; R2 = 0.47, β = 0.686, B = 0.735, S.E. = 0.053, C.R. = 13.971, p-value < 0.001). In contrast, for students who were selected through campus placements, this increase in S2 was 0.60 SD (S1 → S2; R2 = 0.34, β = 0.582, B = 0.602, S.E. = 0.057, C.R. = 10.648, p-value < 0.001).

Campus placement has been recognized as a significant factor in the higher education system in India, influencing college choice in engineering and employability skills (Senthilkumar and Arulraj, 2011; Kaur and Bhala, 2015; Tilak J. B., 2020). The employability skills and placement outcomes of students are directly impacted by their self-efficacy (Shekhawat, 2020; Singh and Singh, 2021). In general, the employability skills and placement of students are impacted by students’ self-efficacy (Kulkarni and Chachadi, 2015). Overall, the results provide support for the aforementioned studies to some extent. This is evident from the average scores of the each career segments across the groups segregated by campus placement selection, which showed students who were not selected in campus placements had lower ACSE (S1 [image: image] = 3.1 and S2 [image: image] = 3.3) than their counterparts who were selected (S1 [image: image] = 3.5 and S2 [image: image] = 3.9).

However, the impact of an increase in S1 on S2 was greater for students who were not selected (R2 = 0.47, β = 0.686) than for those who were selected (R2 = 0.34, β = 0.582). The presence of this type of moderation effect is a novel finding in the existing body of scholarly work, and further research is needed to understand the underlying reasons for this phenomenon.



5.8.7 Engineering grade as a moderator

The influence of engineering grades obtained upon completing an engineering education on students’ ACSE across different career segments was examined in this study. The results revealed that engineering grades did not significantly moderate the hypothetical paths S1 → S2 (CR = 0.964 < |1.96|) and S1 → S3 (CR = 1.485 < |1.96|), leading to the rejection of hypothesis H4 for these paths. However, hypothesis H4 was supported for the hypothetical path S2 → S3, as the moderating effect of engineering grades had a significant impact on this path (CR = −2.009 > |1.96|).

In general, students who achieved higher engineering grades (S1 [image: image] = 3.5, S2 [image: image] = 3.7, S3 [image: image] = 3.6) in career segments S1, S2, and S3 displayed higher levels of ACSE compared to students who obtained lower engineering grades (S1 [image: image] = 3.1, S2 [image: image] = 3.4, S3 [image: image] = 3.3).

For the moderating effect on the path S2 → S3, the impact decreased from students with higher grades (S2 → S3; R2 = 0.41, β = 0.893, B = 0.970, S.E. = 0.043, C.R. = 22.715, p-value < 0.001) to students with lower grades (S2♢S3; R2 = 0.42, β = 0.859, B = 0.860, S.E. = 0.044, C.R. = 19.708, p-value < 0.001). In this context, a one SD increase in S2 resulted in an increase of 0.97 SD in S3 for students with higher grades, while for students with lower grades, this increase was 0.86 SD. This suggests that students who achieved higher engineering grades are expected to exhibit a stronger inclination toward post-graduation completion behaviors than students with lower grades. This difference can be attributed to their ability to acquire employability skills during their career progression.

Engineering course grades have been consistently linked to self-efficacy (Hsieh et al., 2012). As observed in this study, the impact of ACSE on engineering skills acquired during academic progression and post-graduation completion is more pronounced for students who obtained higher engineering grades (S2 [image: image] = 3.7, S3 [image: image] = 3.6) compared to those with lower grades (S2 [image: image] = 3.4, S3 [image: image] = 3.3). Higher academic performance, as indicated by engineering grades, is positively associated with students’ mastery experiences in terms of employability skills (Gokuladas, 2011), leading to better academic achievement (Lent et al., 1986; Lent and Hackett, 1987). Additionally, academic competencies, such as employability skill development during academic progression, have been shown to positively relate to career reflections, including experience, satisfaction, and loyalty, as discussed in the literature review. Consequently, the impact of engineering skills acquired during academic advancement (S2) on post-graduation completion behaviors (S3) is more pronounced among students who achieved higher grades in engineering than among their counterparts with lower grades.





6 Discussion

This research significantly contributes to both theoretical knowledge and practical applications for Academic Career Self-Efficacy (ACSE), highlighting the relationships between academic career segments and the mediator and moderating effects within these segments.


6.1 ACSE over the engineering academic spectrum

This study represents a pioneering effort to comprehensively examine self-efficacy within the context of an engineering career. It builds upon Bandura’s self-efficacy theory, adapting it to encompass three distinct career segments. Each of these segments—entry into engineering education, progression throughout academic development, and post-graduation completion reflections—has been rigorously analyzed, confirming the robustness of study’s measurement constructs within the Indian context.

The mean scores for each segment (S1 [image: image] = 3.3119, S2 [image: image] = 3.5846, S3 [image: image] = 3.4639) underscore the prominence of self-efficacy in terms of engineering skills development during the academic progression. These findings not only validate study’s research questions but also affirm the significance of considering engineering skills in the context of academic progression within engineering education.

Through Structural Equation Modeling (SEM), this study unearthed compelling relationships between these career segments. Of note, the combined influence of ACSE at the commencement of engineering education (direct and indirect) and ACSE throughout academic progression (direct) had the most substantial impact on ACSE post-graduation completion. Furthermore, results of this study affirm the mediation role of ACSE during academic progression between the entry-level ACSE and the post-graduation ACSE.

Thus, this study not only underscores the importance of ACSE across the various stages of an engineer’s professional journey but also validates the presence of mediation processes among these ACSE segments. It has thus successfully fulfilled the necessary requirements for extended intervention/mediation between the segments of self-efficacy (Lent et al., 2013; Lent and Brown, 2019; Bandura, 2021; Wang et al., 2022b). These findings add depth to author’s understanding of how self-efficacy evolves and shapes behavior throughout an engineer’s career.



6.2 Impact of academic CSE on students’ backgrounds

This study also investigated the moderating effects of various student characteristics, such as gender, social caste, enrolled majors, campus placement, and engineering grades, on the relationship between career segments.

Interestingly, female students, those enrolled in computer-related majors, and those not selected through campus placements reported higher ACSE regarding engineering skills, attributing this to their entry-level ACSE in terms of aspirations, goals, motivation, and outcome value. Conversely, engineering grades played a moderating role in amplifying the link between ACSE during academic progression and post-graduation ACSE. Students with higher grades demonstrated greater academic experiences, satisfaction, and loyalty, driven by their engineering skills development during academic progression. Additionally, social diversity, specifically social caste, also emerged as a moderator. Students from upper castes showed greater expressions and reflections in terms of academic experience, satisfaction, and loyalty, primarily due to their entry-level ACSE.

These findings demonstrate the influence of individual characteristics and academic achievements on the development and transformation of self-efficacy across different career segments. Recognizing these moderating effects is essential for engineering institutions to tailor support and interventions to the specific needs of their diverse student populations.



6.3 Emergence of self-efficacy co-creation

Present study highlights the strong connections between career segments, with the most significant impact observed in the context of ACSE post-graduation completion. By exploring the link between academic performance and post-graduation completion behaviors, model of this study sheds light on how these ACSE segments collectively predict co-creation behaviors.

Notably, certain scale items, such as career experiences, satisfaction, assistance to future and existing students, and financial assistance, emerged as significant contributors to the development of ACSE post-graduation completion.

Findings of this study revealed that the factor structure, shaped by vicarious and social persuasion, as well as emotional states, plays a more vital role in establishing ACSE post-graduation completion compared to mastery experience, in alignment with Bandura (1977). These sources have a profound impact with several far-reaching effects. Firstly, they enhance the reputation of the engineering profession and instill enthusiasm in individuals considering engineering careers. Secondly, they facilitate co-creation, transmitting the importance of the engineering profession to future generations of potential students and motivating current students to excel.

Drawing from insights of Bansal et al. (2004), individuals who possess higher self-efficacy and satisfaction with a service are more likely to endorse it through verbal persuasion and affective commitment. In the realm of students as service customers, as they transition into active participants (Lusch et al., 2007), their expressions and reflections become instrumental in value co-creation (Prahalad and Ramaswamy, 2004), resulting in ‘win more - win more’ outcomes (Ramaswamy and Ozcan, 2014). The collective influence of these expressions and reflections, as indicated in study’s investigation, also extends to word-of-mouth recommendations for engineering programs and related offerings (McKee et al., 2006).

A comprehensive review conducted by Iskhakova et al. (2017) underscores the significance of alumni loyalty, which contributes to attracting new enrollments, securing funding, and supporting existing and aspiring students. In the Indian context, Micari and Pazos (2016) have highlighted the role of alumni interactions in fostering self-efficacy and enhancing satisfaction among aspiring engineers. Through their shared experiences and intentional behaviors (Hofacker, 2014), alumni have the power to transfer their intellectual capabilities to the next generation of engineering students. Consequently, alumni involvement facilitates the process of value co-creation, benefiting both students and institutions (Dollinger et al., 2018).

Given that engineering identity and value are significantly influenced by peer’s beliefs themselves (National Academy of Engineering, 2018), career experiences and reflections (Rehman et al., 2022), play a pivotal role in cultivating loyalty (Lin and Tsai, 2008), and shaping beliefs (Hutchison et al., 2006; Chen et al., 2023). This investigation, through its unique positioning, has the potential to foster the co-creation of self-efficacy among both prospective and current engineering students.

As this study has shown and as emphasized by Zeldin and Pajares (2000), alumni, as effective sources of self-efficacy, offer unique advantages through the co-creation of self-efficacy within engineering institutions. Firstly, this exploration into co-creation provides a foundation for enhancing organizational competitiveness while reducing marketing expenditures. Moreover, it furnishes additional evidence for the utilization of students’ word-of-mouth (Palma et al., 2018), outreach programs (Fogg-Rogers and Moss, 2019), Alumni-Alma Mater connections (Natarajan, 2002) and social media engagement (Kowalik, 2011). Furthermore, co-creation has the potential to challenge and transform engineering stereotypes, such as ‘muscularity,’ ‘richer’s game,’ ‘superior culturist,’ ‘chilly climate,’ ‘technical,’ and ‘tough and hard.’ The model proposed in this study possesses significant potential to operate independently, facilitating a student-as-partner approach. These unique outcomes accentuate the pivotal role of self-efficacy in co-creating ACSE, marking a significant milestone in the history of career self-efficacy.



6.4 Significance and implications of the study

The findings of this study have significant implications for the field of engineering education and its potential to enhance the career trajectories of aspiring engineers. Here are the key implications:

Exploiting Bandura’s theory of self-efficacy: The study highlights the potential of applying Bandura’s theory of self-efficacy in engineering education. By doing so, institutions can improve students’ beliefs about entering the field, enhance their engineering skills, and promote their reflections and expressions as future engineers. This can contribute to a more robust and confident engineering workforce.

Empowering aspiring engineers: Aspiring engineering students can benefit immensely from understanding the profound impact of their self-efficacy before entering their educational journey. They can mitigate the influence of misinterpretations, misconceptions, and stereotypes about engineering careers by looking up to role models, engaging with alumni, and participating in outreach programs offered by institutions. With 80% of India’s aspiring generation interested in engineering careers (Centre for Economics and Business Research, 2016b), this research holds significant implications for empowering these future engineers, including a substantial female presence in the field. It can help fulfill their aspirations and contribute to India’s vision of becoming a global leader.

Engineering skills as academic advancement: The research offers a thorough examination engineering skills as an academic progression, encompassing its significance in entrepreneurial ventures and employability gain. This highlights the crucial proficiencies that engineers need to succeed in their careers. Students are required to manage and build their own skills since skills cannot be taught but can be acquired. Rather than relying solely on formal skill-enhancing training, institutions should encourage students to participate in extracurricular and co-curricular activities. Skills are acquired through hands-on experiences, and these activities can help students build their skills. Further this will enable the institutions to cut down their cost on skill training programs. Thus, this investigation serves as the basis for bolstering students’ self-efficacy pertaining to engineering skills by means of extracurricular, co-curricular and extension activities.

Encouraging career expressions and reflections: The third career segment focuses on career expressions and reflections following graduation. It provides valuable insights for prospective students, motivating them to pursue engineering careers. Existing students can find inspiration to excel academically. Institutions should facilitate role models, career counseling programs, and alumni engagement initiatives to support this segment.

Promoting participation in social media: Educators and institutions can enhance their presence on social media platforms like Facebook, Instagram, Twitter, and LinkedIn to foster the co-creation of self-efficacy. Social media can be a powerful tool for connecting with students and alumni, sharing success stories, and promoting the engineering profession (Murphy and Salomone, 2013). Engineering institutions will be in greater position in terms of their financial stability and enrollments if they involve its alumni students to express and reflect their academic experience through social media platforms.

Contributing India’s initiatives and economy: This study, by examining the realm of self-efficacy, possesses the potential to allure a multitude of aspiring engineers while simultaneously enhancing their caliber.

In India, a multitude of progressive undertakings are currently underway, their triumph largely hinging upon the numerical strength and expertise of engineers. This study is poised to play a crucial role in initiatives like Make in India, Digital India, Smart Cities, and Skill India (Puri and Misra, 2017; Verma, 2018) along with revolution of Industry 0.4 (Sony and Aithal, 2020).

It aligns with India’s Education Policy’s goal of achieving a gross enrolment ratio of 50% by 2035 (MHRD India, 2020). It can help address the anticipated shortage of engineering graduates by 2028 and contribute to India’s economic growth (NASSCOM, 2023). The research additionally serves as the important foundation for addressing the challenges of 4Es; education, employability, employment, and entrepreneurship (Sabharwal, 2013), and further dignifies towards enhancing India’s total built asset wealth in the years to come (Centre for Economics and Business Research, 2016b).

In summary, this study offers a comprehensive exploration of self-efficacy in engineering education, providing valuable insights and recommendations for institutions, educators, and aspiring engineers. It has the potential to shape the future of engineering education in India and contribute to the nation’s growth and development.




7 Limitations and future research directions

While this study has provided valuable insights into academic career self-efficacy among Indian engineering students, it is important to acknowledge its limitations and consider avenues for future research as discussed below.

Extending scope: This investigation focused exclusively on engineering education in India. Future research should expand its scope to include other fields within higher education, such as management and pharmacy. This broader perspective would allow for a comparative analysis of academic career self-efficacy across different disciplines.

International context: While the study primarily concentrated on India, future research could explore academicCSE segments in the context of other countries. Comparing findings from different cultural and educational contexts would help assess the generalizability of the results obtained in this study.

Academic CSE during academic progression: This career segment includes engineering skills as a measuring construct. Future investigations should incorporate a wider range of addition of scales such as extracurricular, co-curricular activities and extension activities. The scrutiny of the consequences arising from such a comprehensive approach may yield more profound discernment.

Academic CSE post-graduation completion: The newly emerged career segment, ACSE post-graduation completion, which includes aspects like experience, satisfaction, and loyalty, should be further explored and tested in future research. Investigating the impact of word-of-mouth endorsements, and students’ commitment to promoting engineering as a career in developing co-creating ACSE for prospective and existing engineering students can provide deeper insights.

Longitudinal studies: Future research should consider longitudinal studies, which involve collecting data from the same sample of participants at three career segments. By conducting such analysis, it becomes possible to ascertain the dissimilarities in the associations between career segments in contrast to those observed in a single point contact study.

Perception Shifts due to Pandemic Impact: The perceptions of academic career self-efficacy, and employability skills may have shifted significantly after the onset of the pandemic due to changes in the academic career prospects and job market. These shifts are not reflected in the data collected in March 2020.

Periodic assessment: Recognizing that students’ academic CSE is subjective and dynamic, future research should conduct periodic assessments of academic career self-efficacy using the framework developed in this study. This would allow for a more nuanced understanding of how self-efficacy evolves over time and with environmental changes, and how it can be nurtured.



8 Conclusion

In conclusion, this study has provided valuable insights into the multifaceted nature of academic career self-efficacy among engineering students in India. It successfully examined the development of ACSE across three distinct career segments: entry, academic progression, and career completion. The study also explored the influence of mediators and the impact of individual characteristics as moderators. The research objectives were effectively achieved, and several important findings have emerged.

This study highlighted the significant and positive impact of ACSE at the entry stage on ACSE beliefs throughout academic progress. Furthermore, it found that ACSE during academic progression plays a crucial mediating role between ACSE at entry and academic CSE post-graduation completion. The influence of ACSE during academic progression on ACSE post completion was also noted to be significantly positive. Among all the segment relationships, the most substantial impact was observed for ACSE post career completion.

Moreover, the study revealed that certain individual characteristics, such as gender, social caste, major enrollment, placement status, and engineering grade, moderate the relationships between different career segments. These moderating effects are novel contributions to the field of engineering ACSE research and have important managerial implications for various stakeholders involved in engineering education.

The findings of this study underscore the importance of nurturing and promoting ACSE among aspiring and graduate engineers, particularly in terms of their engineering skills and their ability to effectively convey their career experiences and reflections. The future success of engineers and the engineering education sector in India will depend on the self-efficacy of these individuals and their capacity to adapt to changing circumstances.

This research aligns with the recommendations of leading scholars in the field, such as Bandura, Brown and Lent, and Betz and Hackett, who emphasize the significance of self-efficacy in shaping career outcomes. By fostering co-creation of self-efficacy through mastery experience, vicarious and social persuasion, and emotional state, engineering institutions and universities can better prepare their students for successful and fulfilling engineering careers.

Ultimately, this study contributes to the positive propagation of engineering education as an excellent and rewarding career choice, one that embraces students from diverse backgrounds and equips them with the confidence and competence to excel in the field. It is a significant step towards fulfilling the vision of a vibrant and skilled engineering workforce in India, poised to contribute to the nation’s technological and economic growth and development.
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Q27 Assisting existing students $3-3 Ability for mentorship, technical assistance, Vicarious experience
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Q28 Assisting prospective students S3-4 Ability for career promotion, role models, Social persuasion, vicarious
counselors, advisors experience

Q29 Financial assistance S3-5 Ability for monetary donation, career charity, Social persuasion

financial sympathy






OPS/images/feduc-09-1359848-t001a.jpg
Instrument questions

Career segments and

Significance

Self-efficacy
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1 Career Segment 1 S1 CSE at career entry Self-efficacy as input
for inclusivity
Q1 Quality of life S1-1 Outcome value, Emotional & physiological
social motivation State
Q2 Career opportunities S1-2 Outcome value, Social persuasion
intrinsic motivation
Q3 Entrepreneurships & start-ups S1-3 Career expectancy, Mastery experience
intrinsic motivation
Q4 Financial aspect S1-4 Outcome value, Social persuasion
financial motivation
Q5 Interest and curiosity S1-5 Interest, Emotional & physiological
intrinsic motivation State
Q6 Strength and talent S1-6 Abilities, Mastery experience
intrinsic motivation
Q7 Professional and domain skills S1-7 Performance goal, Mastery experience
intrinsic motivation
Q8 Advice from others S1-8 Extrinsic Vicarious experience &
motivation social persuasion
Q9 Social status and prestige S1-9 Outcome value, Emotional and
social motivation physiological state
Q10 Innovations/creativity S1-10 Performance goal, Vicarious experience
intrinsic motivation
11 Career Segment 2 S2 CSE during academic progression in terms Self-efficacy as progression
of academic performance
Q11 Technical skills S2-1 Domain specific skills, technology and Mastery and vicarious
job-related expertise experience
Q12 General business knowledge S2-2 Professional knowledge about industry and Mastery and vicarious
market experience
Q13 Self-confidence S2-3 Self-assurance for personal judgment, ability Mastery and vicarious
and power experience
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impress others experience
Q15 Oral communication skills 82-5 Ability to present views/thoughts effectively to Mastery and vicarious
convince others experience
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Q17 Hardworking S2-7 Ability to learn and work efficiently, Mastery and vicarious
commitment toward work. experience
Q18 Attitude toward task S2-8 Ability to focus on initiatives, planning and Mastery and vicarious
organization experience
Q19 Team and relationship $2-9 Ability to lead and work in team and take Mastery and vicarious
development responsibility experience
Q20 Pressure handling S2-10 Ability to handle conflicts and crises, stress Mastery and vicarious
management experience
Q21 Emotional intelligence S2-11 Effective leadership, social, emotional and Mastery and vicarious
relational competency experience
Q22 Creativity and innovativeness §2-12 Ability to create ideas/concepts with new Mastery and vicarious
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Q24 Problem solving S2-14 Practical applications, analytical and critical Mastery and vicarious
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Personal traits of students Responses Frequency Percentage

(Main Group) (Sub-Groups)

Gender (Demographic, tangible) Male 387 67.5%
Female 186 32.5%

Social caste (Socioeconomic, tangible) Upper caste (General, OBC) 450 78.5%
Lower caste (SC, ST, NT/DT, SBC) 123 21.5%

Native Place (Geographic, tangible) Urban (Taluka, District) 383 66.8%
Rural (Village) 190 33.2%

Entry grading (Academic, objective) Higher grades ( > 70%) 329 57.4%
Lower grades ( < 70%) 244 42.6%

Enrolled major (Psychological, tangible) Computer allied majors 252 44.0%
(Computer, IT, Electronics)
Non-computer allied majors 321 56.0%
(Mechanical, Civil, Electrical)

Campus placement (Academic, tangible) Selected 277 48.3%
Not selected 296 51.7%

Engineering grades (Academic, objective) Higher grades (>70%) 326 56.9%
Lower grades (<70%) 247 43.1%

OBC, Other backward class; SC, Scheduled caste; ST, Scheduled tribes; NT/D]J, National tribes/Denotified tribes; SBC, Special backward class. Source: SPSS.
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Fitness Fitness conditions Engineering CSE model Literature recommending Model fitness

indices (cutoff) fitness/cutoff

x? Insignificant for N < 200 3115.63 Anderson and Gerbing, 1988; Good fit

(Significant for N = 573) Hair et al., 2006; Barrett, 2007

x2/df <3.0 2.9 Strasheim, 2014, Schermelleh-Engel et al., 2003 Good fit

Hoelter’s critical N > 436,p < 0.01 N=573,p <0.01 Hoelter, 1983; Barrett, 2007 Good fit

N

TLI >0.95 0.963 Tucker and Lewis, 1973, Good fit
Schumacker et al., 2010

CFI >0.95 0.967 Hu and Bentler, 1999, Schermelleh-Engel Very Good fit
etal., 2003

RMSEA <0.06 0.041 Hu and Bentler, 1999, Good fit

Schumacker et al., 2010

TLI, The Tucker-Lewis coefficient; CFI, comparative fix index; RMSEA, root mean square error of approximation.
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Influence on Segments Segments (Constructs)

Standardized Estimates Direct S1 - 0.649 0.05
S2 E = 0.88
S3 = = -
Indirect (via mediation) S1 - - 0.58
s2 - - -
S3 = = -
Total () S1 = 0.65 0.63
S2 = = 0.88

Influence on Hypothetical paths Hypothetical path
S2 — S3

Unstandardized Estimates B 0.649 0.88 0.05

B 0.69 091 0.055

S:E: 0.039 0.03 0.027

CR. 17.87 30.17 2.028

p-value e [k 0.043%*
Hypothetical path related Hypothesis H,; H, H3
Hypothesis support Supported Supported Supported

p-value: *** significant at p-value < 0.001, p-value: ** significant at p-value < 0.05, B: standardized regression weights, B: unstandardized regression weights, S.E: standard error,
C.R.: critical ratio. Source: SPSS AMOS. Bold text signifies that Hypothesis is supported due to significant p-value.
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and factor structure

o if deleted

(scale-items)

S1 (N = 10) 3.31 - = - - 0.967
S1-1 329 0.798 0.894 0.865 0.817 0.963
S1-2 342 0.828 0911 0.885 0.842 0.962
S1-3 3.14 0.697 0.830 0.793 0.654 0.965
S1-4 335 0.812 0.901 0.874 0.783 0.962
S1-5 348 0.831 0913 0.886 0.835 0.962
S1-6 344 0.833 0.914 0.888 0.827 0.962
S1-7 3.48 0.833 0913 0.888 0.813 0.962
S1-8 3.08 0.576 0.756 0711 0.582 0.968
S1-9 3.18 0.764 0.871 0.842 0.743 0.964
S1-10 326 0.771 0.878 0.848 0.741 0.963
S2 (N = 14) 3.58 - - - - 0.994
S2-1 356 0.887 0.945 0.936 0.899 0.993
S2-2 347 0.884 0.946 0938 0.910 0.993
$2-3 3.60 0.917 0.963 0.957 0.925 0.993
S2-4 3.60 0.928 0.968 0.963 0.943 0.993
S2-5 358 0916 0.964 0.958 0.930 0.993
S2-6 351 0.887 0.948 0.939 0.908 0.993
S2-7 3.62 0.92 0.964 0.958 0.934 0.993
S2-8 3.65 0.919 0.966 0.960 0.932 0.993
$2-9 361 0.926 0.969 0.964 0.939 0.993
S2-10 358 0915 0.963 0.957 0.940 0.993
S2-10 3.60 0.906 0.959 0952 0.924 0.993
S2-12 3.58 0916 0.964 0.958 0.942 0.993
$2-13 3.62 0.927 0.969 0.963 0.937 0.993
S2-14 3.60 0.917 0.963 0.957 0.926 0.993
$3 (N =5) 3.46 = = - = 0.980
S3-1 346 0.837 0.957 0933 0.873 0.976
$3-2 347 0.848 0.975 0.960 0.927 0.972
$3-3 339 0.758 0.940 0.907 0.826 0.980
$3-4 3.48 0.842 0.968 0.949 0916 0.974
$3-5 351 0.856 0.972 0955 0.919 0.973

C, communalities; SFL, standardized factor loadings; CITC, corrected item-total correlation; SMC: squared multiple correlation coefficient, a: Cronbach’s Alpha if Item Deleted.

Source: SPSS AMOS. Bold values represent Cronbach’s Alpha for career segments
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Career Std.

Segments Deviation

(constructs)

St 33119 1.24843 0.971 0.773 (0.879) - -
s2 3.5846 1.36977 0.991 0.923 0.637 (0.960) -
S3 3.4639 1.43592 0.979 0.926 0.602 0.903 (0.962)

CR, composite reliabilities; AVE, average variance extracted; CR, construct reliability (diagonal elements in brackets). AVE significantly lower than 0.5 (p < 0.05), CR significantly lower than
0.7, CR values higher than the AVE values, AVE values greater than the respective inter-construct Pearson correlations.
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Major as moderator S1— 82 —2.042 <0.05 Supported
S2— 83 0.797 >0.05 Not-supported
S1—S3 0.851 >0.05 Not-supported
Computer allied S1=3.5NA S1— 82 0.690 0.783 0.061 12.818 L
$2=3.7,0.48 52— 83 0.913 0.946 0.043 21.802 Lg
$3=3.6,0.86 S1— 83 0.019 0.022 0.043 0.525 0.599
Non-computer allied S1=3.2,NA S1 — S2 0.608 0.621 0.051 12.240 B
§2=3.5,0.38 S§2 — 83 0.860 0.898 0.042 21.378 ke
§3=3.3,081 S1— 83 0.065 0.070 0.035 1.965 0.049*
Campus placement as S1— 82 2122 <0.05 Supported
moderator
S2— 83 —1.085 > 0.05 Not-supported
S1— 83 1.351 >0.05 Not-supported
Placed S1=3.5NA S1— 82 0.582 0.602 0.057 10.648 ki
§2=39,034 52 — 83 0.904 0.947 0.041 23321 L
§3=3.8,0.83 S1— 83 0.017 0.019 0.035 0.522 0.602
Not-placed S1=3.1,NA S1 — 82 0.686 0.735 0.053 13.971 Lg
$2=3.3,047 §2—» 83 0.846 0.881 0.046 19.219 b
§3=3.2,0.82 S1— 83 0.083 0.092 0.042 2.216 0.027*
Engineering grade as S1— 82 0.964 >0.05 Not-supported
moderator
$2— 83 —2.009 <0.05 Supported
S1— 83 1.485 >0.05 Not-supported
Higher S1=35NA S1— 82 0.637 0.652 0.050 13.103 L
grades
$2=3.7,0.41 82— 83 0.893 0.970 0.043 22.715 e
$3=3.6,0.82 S1— 83 0.018 0.020 0.037 0.549 0.583
Lower S1=3.1,NA S1— 82 0.650 0.729 0.062 11.753 ki
grades
S2=3.4,042 §2—» 83 0.859 0.860 0.044 19.708 b
§3=3.3,085 S1— 83 0.091 0.102 0.041 2477 0.013*
(1) Significant p value: ***p-value < 0.001; **p-value < 0.01; *p-value < 0.05; S.E.: Standard Error, C. R: Critical ratio, S1: CSE at career entry, S2: CSE during academic progression, $3: CSE
after career completion, pu: Average mean for construct/segment, R*: Squared multiple correlation Source: AMOS. Bold text signifies that Hypothesis is supported due to significant p-value.
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Categorical T, R? Hypothetical Regression weights and significance

Moderators paths
2} S.E. C.R. p-value | Hypothesis
support
(Ha4)
Main Group S1=33,NA S1— 82 0.649 0.690 0.039 17.868 b
$2=3.6,0.42 §2— 83 0.880 0.919 0.030 30.167 s
§3=35,0.84 S1— 83 0.050 0.055 0.027 2.028 0.043*
Gender as moderator S§1— 82 1.9626 <0.05 Supported
S2—S3 —0.153 > 0.05 Not-supported
S1—S3 0.079 > 0.05 Not-supported
Male S1=33,NA S1— 82 0.622 0.642 0.047 13.780 e
$2=3.6,0.39 $2— 83 0.875 0.922 0.038 24.234 ke
S§3=34,0.82 S1—S3 0.049 0.053 0.033 1.631 0.103
Female S1=34,NA S1— 82 0.703 0.794 0.069 11.549 b
$2=3.7,0.49 S2— 83 0.889 0.913 0.051 17.947 i
S$3=3.6,0.86 S1—S3 0.050 0.058 0.050 1.166 0.244
Social caste as moderator S1— 82 0.492 > 0.05 Not-supported
S2— 83 0.686 >0.05 Not-supported
S§1— 83 —2.582 <0.05 Supported
Upper caste S1=34,NA S1— 82 0.637 0.681 0.044 15.567 b4
$2=3.6,0.41 §2— 83 0.859 0.911 0.034 26.848 b
$3=35,0.83 S1— S3 0.076 0.086 0.031 2.745 0.004**
Lower caste S1=33,NA S1— 82 0.693 0.727 0.082 8.850 ety
$2=35,048 $2—> 83 0.976 0.964 0.070 13.822 b
$3=3.3,0.86 S1—S3 —0.073 —0.075 0.054 —1.392 0.164
Native Place as moderator S1— 82 0.026 >0.05 Not-supported
S2— 83 1.267 >0.05 Not-supported
S1— 83 0.000 >0.05 Not-supported
Urban S1=34,NA S1— 82 0.656 0.690 0.046 15.094 i
$2=3.7,043 §2— 83 0.869 0.890 0.037 23.859 b4
S$3=3.6,0.82 S1— 83 0.052 0.056 0.034 1.653 0.098
Rural S1=3.1,NA S1— 82 0.626 0.693 0.073 9.428 s
$2=34,0.39 $2— 83 0.895 0.972 0.053 18.234 ety
§3=3.3,0.86 A S1—S3 0.047 0.056 | 0.047 1.189 0.234
Entry grades as moderator S1— 82 —0.266 >0.05 Not-supported
S2— 83 —0.288 >0.05 Not-supported
S1— 83 1.082 >0.05 Not-supported
Higher S1=34,NA S1— 82 0.674 0.699 0.048 14.578 b
grades
S2 =3.6,0.46 §2— 83 0.888 0.927 0.041 22.574 b
§3=35,0.82 S1— S3 0.028 0.030 0.037 0.825 0.409
Lower S1=32,NA S1— 82 0.609 0.678 0.065 10.431 ety
grades
$2=35,0.37 §2— 83 0.869 0.913 0.046 19.966 b4
S$3=3.4,0.85 S1— S3 0.077 0.090 0.041 2.182 0.029*






