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ABSTRACT 

 

Pre-college students in engineering pathways often excel technically but lack clarity of purpose, 

identity formation, and ownership of learning, gaps that eventually contribute to disengagement 

and attrition. Research in adolescent development and self-efficacy theory highlights the 

importance of purpose and agency in sustaining motivation, yet few pre-college engineering 

initiatives systematically integrate these elements into mentorship models. This paper introduces 

a student-centered and evidence-based system informed by self-efficacy theory and grounded in 

positive psychology. Unlike typical skills-based programs, The Mentorship Method (established 

over the last eight years at educational startup Hugo Mentors, with over 500 successful 

mentorships completed) embeds purpose development as a measurable construct and comprises 

six principles—narrative over numbers, purpose as compass, iterative metacognition, learning 

ownership, scholar–mentor partnership, and supported growth—that together provide a 

foundation for academic exploration. 

 

The Mentorship Method™ (TMM) is presented with a literature review grounding its six 

principles in foundational and current research. Using an exploratory multimethod approach, we 

analyze pre- and post-mentorship survey data alongside qualitative student reflections from 196 

structured mentorships pairing pre-college students with university research faculty. Originated 

and verified through sequential mixed-methods and incorporating the Claremont Purpose Scale, 

our surveys assess clarity of academic goals, ownership of learning, and confidence in 

problem-solving, while open-ended responses capture evolving interests, strengths, career plans, 

and motivations.  

 

Findings indicate the TMM-structured approach fosters significant gains in self-efficacy and 

purpose development, particularly around societal contribution with ethical awareness, curiosity, 

and alignment between personal purpose and academic pursuits. Further analysis illustrates how 

student-informed mentorships guide students’ development, purpose, and self-efficacy across 

engineering fields, ranging broadly from biomedical engineering, renewable energy, to systems 

design. Results suggest that TMM offers a scalable pathway for cultivating self-efficacy and 

purpose among pre-college students. When focusing solely on engineering mentorships, findings 



remain consistent, suggesting that our system successfully nurtures a learning identity with 

potential applications to engineering identity. Future work will explore TMM’s impact on 

pre-college engineering identity development, offering the potential to extend Godwin’s 

framework beyond college-level engineering identity.  

 

I. INTRODUCTION 

 

A.The Pre-College Engineering Pipeline: A Developmental Problem 

Despite decades of concerted effort, the engineering pipeline is still a major area of concern with 

attrition rates of 30 - 40% nationally and in Europe [1], [2], [3]. Some gains have been made in 

developing pre-college students' technical skills and exposure, but students still disengage 

because they lack purpose, struggle with identity formation, and ownership of learning [4], [5], 

[6], [7], [8], [9], [10], [11], [12]. Out of the hundreds of pre-college engineering programs 

available to students in the U.S., few explicitly go beyond skills and situational interest 

development to integrate these pillars of adolescent development into their mission and goals 

[13], [14], [15], [16], [17], [18]. A holistic approach to shoring up the engineering student 

pipeline may lie in self-efficacy theory, as research in adolescent development emphasizes the 

importance of purpose and agency in sustaining motivation [19], [20], [21], [22], [23], [24], [25], 

[26], [27], [28].  

 

B. Identity, Motivation, & Adolescent Development in Engineering 

Research in adolescent psychology has shown that the idea of the self also evolves to become an 

important source of value and intrinsic motivation [21], [29]. Compared to previous generations, 

young people today are prioritizing meaning and purpose in their lives, especially when it comes 

to work and work/life balance [30], [31]. A growing pool of research indicates that personal 

interest and engineering identity are the most important factors in young adults’ career choice 

and retention [32], [33], [34]. Whether guided or not, young adults will attempt to integrate their 

emerging identities with their chosen field of study [14]. When engineering students’ process of 

sense-making is internally consistent with engineering culture and identity, it can lead to 

retention [7], [8], [35]; when it falters, attrition [35], [36]. There is promise for intervention; in 

cases when students exhibit a flexible growth mindset, whether due to drawing on extramural 



engineering experiences or relying on the wisdom of a mentor, students can overcome 

de-identification with their generalized concept of engineering by making interdisciplinary 

connections [8], [36], [37], [38], [39]. 

 

C. Mentorship as a Mechanism 

More generally, the powerful effects of mentorship on STEM students have been widely 

documented across demographics [40], [41], [42]. Formation of an expert-novice pair allows for 

the emerging engineer to quickly build deeply interconnected knowledge that is nuanced and 

multimodal in nature [29], [43], [44]. When done properly, this instructional scaffolding can 

bypass some of the friction associated with deep technical learning, giving young engineers an 

early taste of both the struggle and the successes that define an authentic engineering experience 

[42], [45], [46], [47], [48], [49]. Accessing these authentic experiences accelerates the 

development of engineering identity, which, when formed earlier in life, sustains students 

through the gauntlet of undergraduate, graduate, post-graduate, and professional life [35], [37]. 

While mentorship is widely recognized as beneficial, less attention has been paid to how 

pre-college mentorship environments can be intentionally designed to support students’ agency, 

identity, and purpose development [50], [51], [52]. 

 

D. Purpose & Agency: Missing Design Elements 

Purpose and agency are theoretically grounded but inconsistently operationalized in pre-college 

engineering contexts. Developing these traits alongside skill development, rather than as 

secondary or downstream outcomes, is critical to preventing attrition in the pre-college 

engineering pipeline; broadly speaking, mentees report that nurturing feelings of belonging and 

supporting identity development are the most meaningful forms of support.  Large-scale and 

multigenerational studies suggest placing greater emphasis on supporting youth identity 

development and feelings of belonging [29], [53].  

 

Pre-college engineering mentorship programs rarely integrate self-efficacy, learning ownership, 

and purpose as co-developing constructs. Here we introduce Hugo Mentors approach, The 

Mentorship Method ™ (TMM), as an intentionally developed 1:1 mentorship program designed 

to support adolescents in pursuing authentic, interest-driven engineering and research. Drawing 



on descriptive survey data and illustrative qualitative reflections, we examine how gains in 

academic self-efficacy, learning ownership, and purpose development were experienced and 

articulated by engineering-focused students. Rather than treating identity and purpose as 

outcomes that follow technical competence, this work explores how these constructs appear to 

develop alongside skill acquisition within an intentionally designed mentorship environment. 

Our findings contribute to ongoing conversations in engineering education by highlighting 

mentorship design as a critical lever for supporting adolescent identity development, agency, and 

sustained engagement in the pre-college engineering pipeline. 

 

 

II. THE MENTORSHIP METHOD 

 

The Mentorship Method™ (TMM) is a learner-centered mentorship system developed at Hugo 

Mentors over the past eight years, comprising more than 500 mentorship pairs centered across a 

wide range of engineering and non-engineering disciplines. Similar to others in the engineering 

education space [15], [36], [37], [54], [55], we approached program development using an 

endogenous view of learning from the perspective of the students participating. Therefore, it 

makes the most sense to initially describe our methods from the student perspective.  

 

A. Program Sequence 

Guided by the integrative framework of motivation theory proposed by Urhahane & Wijnia [56], 

TMM begins with the student broadly exploring topics of situational interest during initial intake 

and interviews (see Figure 1 below). One of the defining characteristics of TMM is that the 

student's study topic usually folds two or more seemingly orthogonal interests together, 

kickstarting the process of open-ended thinking and transdisciplinary research. A student 

reporting interest in engineering may also report a passion for music, which might then result in 

that student being paired with a mentor to build a violin-playing robot. Students routinely 

describe high-arousal states during these first encounters with their program coach (a “guide on 

the side” trained in adolescent psychology and educational best practices), leading us to name it 

the “Spark Session.” This semi-structured interview invites students to integrate multiple 



interests and a beyond-the-self component into the study or deliverable [57], [58], [59], [60], 

which is designed by the student with the help of both the program coach and mentor. 

 

Figure 1. Student timeline within The Mentorship Method™  system, grounded on the general 

cognitive model of motivation [61]. Black boxes indicate stages where we collected student data. 

 

From the students’ point of view, all interactions within TMM center around their curiosity and 

zone of proximal development. In reality, the program balances building foundational academic 

and professional skills with project-based learning in niche and/or advanced fields, including 

mechanical, civil, biomedical, or computer engineering, among others. The flexibility of TMM 

allows activation of a range of competence-related behaviors, according to achievement-goal 

theory [62], [63], and the structure of requiring a final deliverable activates external motivation 

to help students integrated and identified regulations [64], [65], [66]. Identity is contextually 

emergent and multiply-authored [67], [68], [69], [70]. One’s personal identity contains 

multitudes; an engineering professor will not speak, move, or interact with others the same way 



they will during evening hours when taking (or leading) a dance class. By fostering multimodal 

and interdisciplinary study, TMM encourages students to develop a robust personal identity that 

is inclusive of more narrow engineering identity concepts [71], [72], [73]. 

 

Since TMM has students research a highly specific or niche topic of interest, mentors are 

selected based on their area of expertise, precisely matched to students’ self-reported interests. 

Because priority is given to finding a niche match for student-mentor pairings, TMM relies on a 

remote meeting structure to eliminate the constraints of geofencing a search. Over the course of 

ten one-on-one videoconference sessions, and in addition to email, phone, text exchanges, and 

asynchronous editing/comments, students and mentors explore a niche topic of mutual interest. 

This offers an authentic collaboration experience as it mirrors long-distance collaboration that 

professional peers engage in the real world. The experience concludes with the student’s 

completion of a final deliverable, a formal written evaluation by the mentor and program coach, 

a final survey/reflection by the student, and a one-on-one wrap-up session between the mentor 

and student, and the student and program coach (as requested). 

 

B. Six Principles of The Mentorship Method  

TMM aims to develop pre-college, emergent adults' sense of purpose and identity–critical pieces 

of adolescent development known to contribute to thriving in personal, professional, health, and 

academic realms [74], [75], [76], [77]. The program was designed within the educational startup 

Hugo Mentors by cognitive science, educational psychology, and positive psychology experts, 

and in partnership with stakeholders including parents, students, college admissions counselors, 

school guidance counselors, and pre-college and university-level educators. Here we outline the 

six principles that shape TMM’s novel approach to adolescent identity development.   

 

1) Narrative before numbers: Beginning with the intake survey and a follow-up 

interview, TMM immediately centers upon student identity by using a richly informative 

narrative intake form and a semistructured live interview with their program coach. Rather than 

using test scores, GPA, and transcripts, which are limitedly informative and known to induce 

student anxiety and crises of identity [78], [79], [80], these qualitative assessments are designed 

to thoroughly describe student interests and personal epistemology, while also encouraging 



students to begin defining themselves [14], [81]. Harnessing ego-involvement from the outset, 

we initiate the process of introjected regulation as students internalize programmatic values when 

they assess their availability, capacity, learning styles, and motivations to dictate the shape of 

their mentorship [82]. 

 

2) Purpose as compass: During adolescence, the idea of the self evolves to become an 

important source of value and intrinsic motivation [21]. Research also shows a strong reinforcing 

link between identity and purpose, with purpose providing direction for identity, and identity 

reinforcing commitment to purpose in a cycle where one supports the other's development 

through a shared focus on meaningful beliefs and aims [60], [83]. After others, TMM defines 

purpose as a stable, long-term intention to achieve something that is both personally meaningful 

and has a positive impact on the world beyond oneself (ibid). By integrating purpose into 

goal-setting, TMM harnesses student emotional states to deliver active commitment, not just 

passive belief, thus providing direction, motivation, and resilience [84], [85], [86], [87]. 

 

Program coaches, who have backgrounds in psychology, medicine, or other STEM fields and are 

trained to guide student development, explicitly guide students through purpose identification 

and implementation during the Spark Session and mentorship planning meetings. Students’ 

reported identity becomes the throughline as they articulate their project design, topic selection, 

and long-term exploration goals. Mentors pick up and continue these efforts throughout the 

learning experience, asking students to tie their experiences and learnings back to their larger 

goals and identity. Intake, progress, and exit surveys all ask students to reflect on their intentions 

beyond the self, as well as their motivations and active commitments. 

 

3) Iterative metacognition: Since thoughtful reflection on actions, consequences, and 

feedback builds students’ sense of self-efficacy [85], [88], [89], TMM offers many opportunities 

for student reflection. Students are prompted to complete short written and verbal reflections 

linking insights to next steps throughout the program. While mentorships begin at each student’s 

level of readiness, projects may be rescoped as needed, especially when epistemic practices are 

misaligned. Depending on the degree of rescoping, and aiming for the most student-led solution, 

student, mentor, and parent input may be recruited in a transparent process guided by the 



program coach, but fully informed by the student’s choices [14], [81]. At the end of the Hugo 

Mentors program (see Figure 1 above), a final evaluation written by the mentor and program 

coach includes student-specific suggestions for how mentees can pursue their interests, grow 

their skills independently, and further share their work. A final student survey and optional 

reflection meeting with their program coach asks students to reflect on their experience and 

future plans, and in some cases, students choose to engage in the program again.  

 

4) Learning ownership: Since student questions and curiosities drive the direction of each 

mentorship, TMM includes no fixed curriculum. Ample work in academic motivation theory 

indicates that interest propels student motivation (see reviews in [90], [91], [92], [93]). TMM 

uses student interest or curiosity as the engine to propel student engagement. During the intake 

and planning phases, TMM harnesses situational interest triggered by environmental stimuli, 

nurturing and supporting it through programmatic design. Program coaches guide students 

through these phases with an emphasis on student “voice and choice” to further build student 

engagement, effort, intrinsic motivation, and performance [17], [94], [95], [96]. TMM further 

prioritizes student choice by encouraging students to creatively share their work in the format of 

their choice. The diversity and creativity of student projects is impressive; projects have ranged 

from traditional written collateral, which varies from formal peer-reviewed journal articles to 

pamphlets and policy briefs, to multimodal forms such as prototypes, computer programs and 

simulations, presentations, interactive toolkits, online course modules, social media video 

content, art installations, lesson plans, etc.  

 

5) Scholar-mentor partnership: Related to the principle of learning ownership, each 

student collaborates directly with a professor or advanced researcher in mutual exploration, 

rather than rote instruction, which enhances autonomy and confidence, further bolstering 

motivation [24], [25]. Mentors and program coaches continuously invite and encourage students 

into dialogue, building on co-investigation over didactic teaching, mirroring the college 

engineering education experience and building student engineering identity [72], [97]. Since 

mentors are selected primarily on their topic of interest/expertise, and secondarily on their 

personality and teaching/mentorship style, Hugo Mentors provides ample support to ensure 

mentors structure their interactions in a way that develops mentees’ purpose and agency. In 



addition to pre-program orientation materials, mentors have access to a library of troubleshooting 

tools, “one pager” style handouts that address common concerns (e.g., assigning independent 

work as SMART goals, etc.), and are in regular contact with program coaches. Mentors regularly 

update program coaches with meeting notes, which are submitted via templated forms that break 

down programmatic and learning goals. 

 

6) Supported growth: To tightly couple student struggle with high-motivational states, 

wrap-around support is provided to offset the onerous tasks associated with research (i.e. 

scheduling, maintaining bibliographic research records, annotating sources, etc). This frees up 

mental and emotional resources for the constructive friction key to deep technical learning [98], 

[99]. Program coaches and mentors, who are themselves given resources and personalized 

coaching on best practices, offer ample support to keep their emergent researchers on track for 

their chosen final goal [100].  

 

Designated program coaches provide responsive support to kickstart metacognition, helping 

students identify or clarify an initial direction, then transitioning into facilitative roles once 

mentorships are underway. Beyond offering skill development support, these program coaches 

use students’ reported identity as a throughline as they help students articulate their project 

design, topic selection, and long-term exploration goals. The role of the program coach is 

therefore central to TMM design. They monitor student progress from behind the scenes by 

directly communicating with mentors to monitor progress and potential misalignment in pacing, 

communication, or scope while aiming for the least invasive interventions possible. While 

mentors offer subject-matter expertise, ensuring an individualized learning experience, program 

coaches operate as a “sounding board” or “guide on the side” for mentees as they further align 

their personal and engineering identities, which may be loosely coupled [101]. These crucial 

players expand students’ zones of proximal development while also nurturing their 

metacognitive regulation [46], [102]. 

 

III. METHODS 

 



The surveys used to collect student data originated and were verified by others through 

sequential mixed-methods. This earlier external evaluation was conducted by the Organizational 

Behavior Division of Behavioral and Organizational Sciences at Claremont Graduate University. 

The surveys include the Claremont Purpose Scale, which measures constructs such as 

self-efficacy, purpose, and academic identity [103].  

 

Here, we employed an exploratory multimethod design integrating quantitative and qualitative 

data to examine changes in students’ purpose development, self-efficacy, and perceptions of 

mentorship effectiveness. We chose a multimethod approach since these data were originally 

collected to triangulate outcomes and verify the efficacy of TMM during development, and to 

capture participants’ lived experience of mentorship. 

 

Participants were high school students engaged in structured mentorships (using TMM) with 

university faculty between 2020–2025. Students ranged in age from 14 - 18 years old, and had 

finished some or all of high school. A supermajority of students were from the US, and 

represented a broad diversity of learning abilities, including gifted and talented, those with 

specific learning disabilities, and those with neurodevelopmental or physical conditions 

(including ADHD, ASD, visual and hearing impairments), and/or mental health disorders 

(anorexia, depression, anxiety, etc.). 

 

This project did not fall under formal Institutional Review Board oversight; however, all data 

collection and analysis procedures were conducted by personnel trained in psychometric ethics, 

following the ethical standards and participant protection protocols consistent with IRB 

expectations for educational research. 

 

A. Quantitative Methods 

In multimethod educational research, descriptive quantitative analyses can provide meaningful 

numerical context without overextending inferential claims, particularly when constructs are 

developmental or metacognitive in nature [104]. Accordingly, descriptive statistics were used in 

conjunction with qualitative analysis to examine patterns and support triangulated interpretation.  

 



While inferential statistical testing was not included for reasons outlined in Study Limitations, 

quantitative analysis ultimately included descriptive statistics that summarized response 

distributions and informed integration with qualitative themes. 

 

Because TMM is designed to encourage transdisciplinary thinking and research, we were not 

able to purely categorize students into engineering and non-engineering categories. We therefore 

provided descriptive statistics on students across all disciplines, and then focused on quotes and 

qualitative analysis for students who explicitly mentioned engineering in their responses. 

 

B. Qualitative Methods  

Open-ended survey responses were analyzed using an iterative qualitative coding process 

situated within a multimethod analytic framework. We first grouped survey questions by 

common topical focus, and initial codes were inductively generated from participant responses 

within each group. These codes were then examined across responses and clustered into 

higher-order themes that captured shared patterns of meaning. To support analytic rigor and 

methodological coherence, qualitative codes and emergent themes were systematically compared 

with descriptive statistical findings from the quantitative analysis. We then conducted a focused 

re-reading of qualitative responses with the quantitative results in mind, aligning participant 

comments with their corresponding survey items to examine convergence, divergence, and 

elaboration across data sources. Throughout the analysis, attention was given to consistency in 

coding decisions and transparency in theme development to strengthen the credibility of our 

interpretations. 

 

IV. STUDY LIMITATIONS 

 

Several limitations should be considered when interpreting our findings. Despite our robust 

sample size, inferential pre-post quantitative comparisons were not informative due to 

well-documented ceiling effects and cognitive bias effects [105], [106]. To control for 

recalibration bias and cognitive biases, we focused on questions that followed the retrospective 

pre-test design. The absence of inferential pre-post quantitative comparisons limits the ability to 

draw causal claims about change over time. Additionally, reliance on self-reported measures 



introduces the possibility that shifts in students’ metacognitive awareness, rather than underlying 

constructs themselves, influenced survey responses [106], [107]. Because TMM includes 

structured midpoint surveys in addition to post program reflections (see Figure 1), future 

analyses will be able to examine recalibration effects in students’ self-assessments across time, 

an opportunity not available in the present cross-sectional analysis. Midpoint data are 

particularly valuable for constructs such as self-efficacy and identity, as they allow researchers to 

distinguish genuine declines in confidence from better metacognition awareness of their place at 

the start of a long post-secondary educational journey as learners gain awareness of task 

complexity. While our current integration of qualitative data helps contextualize these patterns, 

results should be interpreted as indicative of developmental trajectories rather than definitive 

measures of magnitude or effect. 

 

V. RESULTS 

​

After data sanitation, 195 of the 246 surveys collected were retained for analysis. Since patterns 

were consistent across all students participating in TMM, descriptive statistics are reported for 

the full sample, with illustrative quotes drawn from the subset of 46 students who explicitly 

referenced engineering. Survey answers were rated on a 5-point Likert scale ranging from 1 to 5 , 

with higher scores indicating greater agreement with statements (Strongly Disagree - Strongly 

Agree) or assessment of magnitude of change (No Gain - Very Large Gain).  

 

 

 

 

 



 

 

Descriptive patterns summarized in Table 1 were consistent across disciplines and informed 

subsequent qualitative analysis. The sections below incorporate illustrative student reflections 

from engineering-focused mentorships to contextualize these patterns and highlight how students 

experienced and articulated gains in self-efficacy, learning ownership, and purpose. 

 

A. Self-efficacy & academic readiness 

Across disciplines, students reported substantial gains in skills foundational to academic success 

and persistence. As summarized in Table 1, a large majority of students indicated they made 

“large” or “very large” improvements in technical (95%), research (85%), and writing (78%) 

skills following participation in The Mentorship Method. These gains were accompanied by 

increased confidence in students’ readiness for college-level work (98%), and their ability to 

work independently (94%), suggesting that skill development within TMM was closely linked to 

students' perceived academic self-efficacy. 

 

Engineering-focused students frequently described skill development as directly contributing to 

increased confidence and preparedness for future academic work. One student noted, "I went 

from not knowing how to code to becoming someone who had a strong grasp on the basics of 

coding." Others emphasized gains in research and writing, explaining that, “This way of 

creatively thinking and crafting a review paper will help me in the future when writing review or 

research papers because I am better able to understand what to look for and what to emphasize 

as being most important." 



 

Students also framed these goals in forward-looking terms, highlighting the transferability of 

skills beyond the mentorship itself. As one student reflected, "If I do any scientific writing in the 

future (college and after), I will have the skills I learned during the mentorship as a foundation. 

Additionally, I have become more comfortable reading scientific literature which is very helpful 

in all science classes I will take in the future." Another student similarly noted, "I learned to take 

problems one step at a time, which I have been using to transition from high school to college 

(which has different types of assignments)." 

 

In addition to technical competence, students described increased confidence in their ability to 

navigate challenges independently. As one student explained, “The problem solving skills I have 

developed as a result of this mentorship are invaluable and will help me this coming year and 

throughout the rest of my academic and non-academic life.” Another shared, “When I had any 

challenges, [my mentor] would walk me through how to solve them, further improving my 

problem solving skills." 

 

Altogether, these findings suggest that gains in academic self-efficacy were not limited to 

discrete skill acquisition but extended to students’ confidence in directing and sustaining their 

own learning.  

 

B. Learning ownership & metacognition 

Beyond gains in academic skills and confidence, students demonstrated increased ownership 

over their learning processes and greater metacognitive agency. As reflected in Table 1, a large 

majority of participants reported gains in their ability to work independently (94%), and to adapt 

or pivot when encountering challenges (89%). These findings suggest that participation in The 

Mentorship Method supported not only skill development but also students’ capacity to direct, 

regulate, and sustain their own learning over time. 

 

Students frequently described learning ownership in terms of autonomy, self-direction, and 

responsibility for decision-making. Several emphasized the experience of being positioned as the 

primary driver of their work: “The most meaningful aspects were the feeling of being in the 



driver's seat”, rather than a passive recipient of instruction. As one engineering-focused student 

explained, “This program helped me create my own learning path, and my own goals. [It] 

allowed me to pursue the program I wanted.” Another similarly reflected, “One of the most 

meaningful aspects of the mentoring experience was that I was able to pursue independent study 

as a high schooler.” 

 

This sense of ownership was often accompanied by increased confidence in managing complex 

or open-ended tasks. Students described learning to pivot in response to obstacles, “What was 

most valuable to me was learning to adjust my research [direction] based on the availability of 

information.” Others highlighted mentor support as facilitative rather than directive, 

emphasizing guidance that preserved student agency: “[My mentor] knew exactly how to help me 

and support me in my next steps…further improving my problem-solving skills.” 

 

Students also connected learning ownership to pride in their work and sustained engagement, "I 

am planning on taking a greater leadership role in my school's STEM publication so that others 

who write research papers can get more acknowledgement and take more pride in their work." 

One participant described the value of receiving feedback on their final project, stating: “The 

most meaningful aspects of the mentoring experience to me was talking about my review paper 

and being able to get feedback and help on something that I was incredibly proud of and had 

spent a lot of time on.” Cumulatively, these reflections illustrate how TMM supported students in 

developing not only independent learning behaviors but also a sense of responsibility and 

investment in their academic work. 

 

As students assumed greater ownership over their learning processes, many also began to 

articulate clearer connections between their work, their emerging identities, and their longer-term 

academic and societal goals. 

 

C. Purpose & identity alignment 

In addition to gains in self-efficacy and learning ownership, students reported increased clarity 

around their academic interests, emerging identities, and longer-term goals. As summarized in 

Table 1, a supermajority of students felt they gained clarification regarding academic areas of 



interest (96%) and future career plans (76%). Many students also reported heightened awareness 

of the value of their own contributions (93%), indicating growing alignment between personal 

interests, academic pursuits, and considerations beyond the self. 

 

Engineering-focused students frequently described the mentorship experience as clarifying not 

only what they wanted to study, but how they understood themselves as learners, researchers, 

and emerging professionals. Students articulated a stronger identification with engineering or 

research as a result of engaging in authentic scholarly practices, "What was most meaningful was 

the process of learning to actually scope the research, write scientifically, and communicate 

effectively with a mentor…[it] solidified my idea of what I want to pursue in college and 

beyond." One student reflected, "I was generally interested in engineering, but I am now more 

interested in civil engineering and urban studies," and yet another, "The mentorship helped me 

be more confident in my ambitions as a researcher."  

 

Students also linked their academic work to ethical considerations and societal impact, indicating 

a development of purpose. Some students described learning to translate technical knowledge for 

broader audiences, explaining,"Writing a policy brief with recommendations that could actually 

be implemented and being able to send it to the governor and DOT has changed my perspective," 

and, “As I learned how to write scientific articles that are accessible to people with a 

non-scientific background, the skill of converting scientific concepts into easily comprehensible 

ideas will also be a very important part of my life.” Others emphasized applying disciplinary 

knowledge to real-world problems: “I can use the knowledge and things I learned about air 

pollution to try and make more changes in the future."  

 

For some students, this alignment culminated in a sense of agency and pride in their ability to 

contribute to the broader community: “I have [realized] that I am able to create a [medical] 

protocol that could help dictate change" and "The most meaningful aspects of this program were 

learning about the field of CTE from someone who knows a lot about it and then being able to 

contribute to the knowledge of the field myself."  

 



The students' reflections directly illustrate how participation in TMM supported students in 

integrating identity, ethical awareness, and purpose via academic work. These findings suggest 

that students’ purpose and identity development within TMM develop alongside, rather than 

after, gains in self-efficacy and learning ownership. 

 

VI. DISCUSSION & IMPLICATIONS 

 

This study examined how The Mentorship Method™ (TMM), a pre-college mentorship system 

developed by Hugo Mentors, supports adolescents’ development of self-efficacy, learning 

ownership, and purpose. Across a large and diverse sample, students report substantial gains in 

academic readiness, independent learning, and confidence in navigating complex and multi-step 

tasks, gains accompanied by increased clarity around academic interests, emerging identity, and 

intention to contribute to society beyond the self that were demonstrated through qualitative 

responses that shared their intention for increased involvement: “I plan on getting more involved 

with administration given the success with my policy document,” and “I plan to take a bigger 

part in dev club and look further into getting into data analysis options at my school.” 

 

Rather than viewing purpose and identity development as downstream outcomes of technical 

competence, our findings suggest that they develop alongside skill acquisition when mentorship 

environments are structured to support agency, reflection, and student-authored goals. This 

generates personal identity that encompasses engineering identity, being more robust to outside 

pressures and influences. Indeed, students reported alignment of personal and engineering 

identity with personal ethics and hobbies when prompted about the impact of their mentorships: 

“I plan to, and have signed up for an ethical hacking course next year at my school,”  and  

“As a result of my [mentorship in forensic science] I now run the criminal justice club at my 

school.” For engineering-focused students in particular, engagement in authentic research 

practices paired with guided reflection and individualized support appeared to strengthen both 

academic self-efficacy and alignment between personal values and engineering pursuits. These 

findings extend existing research on motivation and adolescent development by illustrating how 

purpose, identity, and self-efficacy can be operationalized as co-developing constructs within 

pre-college engineering mentorship programs [93], [108]. Prior work emphasizes the role of 



interest, belonging, and identity in persistence [109], but many pre-college programs still 

emphasize skill exposure without systematically integrating purpose development into program 

design. 

 

Like so many other pre-college engineering programs, students enter the Hugo Mentors 

ecosystem aware of contextual cues or situational stimuli (e.g. YouTube channels, podcasts, 

news articles, etc.) which have triggered their emotions (e.g. situational interest, curiosity, 

surprise, or concern) [17], [110]. TMM leverages established motivation and self-efficacy theory 

by intentionally activating situational interest, then harnessing high-motivational states to get 

students into sustained effortful engagement through scaffolded mentorship, reflection, and 

student ownership, embarking on long, large-scale, sometimes uninteresting, and difficult 

research tasks [56], [111], [112], [113], [114]. With an attrition rate of 2% (representing just 12 

students, 4 of which withdrew due to close friend or relative’s death or their own severe illness), 

TMM’s whole-student approach successfully guides students through identity development that 

is embedded in individualized learning experiences. 

 

Our results align with theoretical models suggesting that activating emotions such as curiosity 

and hope can support engagement in long-term, cognitively demanding tasks, particularly when 

learners perceive their work as meaningful and self-authored. Students confirmed this: “I would 

say that if you have an interest you want to deepen, and you don't feel like you could do it totally 

on your own, but you don't think you need a [proscribed] environment to explore it, [this 

program] is very good” and “Super cool! …I think it's a super unique and SUPER helpful 

experience, especially for people who do a lot of independent work, or want to skill-build like 

me.” In this way, TMM demonstrates how purpose as a design principle can shape how students 

engage with engineering learning from the outset. “This experience is unforgettable and it 

always puts a smile on my face each time I think about it.” 

 

A. Implications 

The findings have several implications for educators and institutions seeking to strengthen the 

pre-college engineering pipeline. First, purpose-driven mentorship can support recruitment into 

engineering pathways by helping students connect technical interests to personal values and 



societal impact. Nearly 3 in 5 young adults report that they lack “meaning or purpose” in their 

lives, and half report that their mental health is negatively influenced by “not knowing what to 

do with my life” [29]. This underscores the urgency of designing experiences that support 

students' emerging sense of direction, identity, and contribution; purpose-driven mentorship 

models such as TMM may help address these challenges by supporting students in articulating 

why engineering matters to them, not solely what they can do. By explicitly linking technical 

learning to personal values and societal impact, TMM appears to strengthen students’ motivation 

to engage deeply with challenging material and persist through difficulty. Identity alignment may 

be particularly important given the well-documented identity tensions and attrition that occur 

when students struggle to reconcile personal meaning with engineering culture [14], [16], [39]. 

Students who can identify why engineering matters to them persist through rigorous coursework 

and identity challenges encountered later in formal engineering education [15]. The emphasis on 

learning ownership and authentic collaboration mirrors professional engineering practice, 

potentially easing students’ transition into undergraduate research and project-based learning 

environments that demand independence, sustained effort, and comfort with ambiguity. By 

normalizing struggle as part of authentic engineering experiences and embedding reflection 

throughout the learning process, TMM supports students’ development of adaptive 

problem-solving strategies and metacognition/awareness that are critical for long-term 

persistence of engineering identity [115].  

 

Finally, integrating reflection and identity work into mentorship design may broaden 

participation by validating diverse motivations for engaging in engineering, including ethical, 

interdisciplinary, and community-oriented goals. Our findings suggest that integrating purpose 

and identity development into pre-college engineering mentorship is not ancillary to technical 

training, but may be a key driver lever for fostering sustainable engagement and retention.  

 

While TMM results in strong developmental outcomes, its highly individualized structure 

presents inherent scalability and access constraints. As implemented, TMM primarily benefits 

students with the resources to participate in out-of-school-time (OST) enrichment programs. 

Although a scholarship program exists, the majority of students represented in this dataset came 

from higher socioeconomic backgrounds. Responses from scholarship-supported students did not 



meaningfully differ from those of full-pay participants; however, the incidence of scholarship 

participation was insufficient to support a formal statistical comparison. This limitation reflects a 

broader tension common to high-impact enrichment interventions: the design features most 

strongly associated with student growth–deep personalization, supported mentorship, and 

flexible, student-authored learning trajectories–are also the most resource-intensive. 

Accordingly, the outcomes reported here should be interpreted as evidence for what is possible 

within a depth-oriented mentorship model, rather than as a claim of broad population-level 

impact. This tradeoff is not unique to TMM but is characteristic of many high-touch learning 

programs.  

 

Fortunately, several design elements of TMM may soon be scalable with recent advances in 

technology and AI; Hugo Mentors is currently building an interactive digital tool that will 

provide students with many of the personalized guided prompts and customized suggestions that 

students have found so useful and inspiring. The digital tool replicates TMM’s narrative-based 

intake process, explicit purpose articulation, and structured reflection cycles that anchor student 

learning to identity and agency, and could be embedded within group mentorship models, hybrid 

programs, or school-based pre-college engineering initiatives. Isolating and adapting these 

components in lower-cost, broader-reach settings represents an important direction for future 

work aimed at expanding access while preserving developmental impact, and could allow 

institutions to retain many of the developmental benefits observed here while expanding access 

to more diverse student populations. 

 

B. Future Work 

While the current surveys were not written with the present study in mind, and therefore reflect 

the limitations outlined earlier, future work will focus on reconfiguring instruments to more 

precisely capture engineering identity development and related motivational constructs. In 

particular, upcoming survey iterations will align with retrospective pre-test designs and be 

grounded in established engineering identity frameworks, including Godwin’s 2016 model. This 

refinement should allow for more nuanced examination of how identity, purpose, and 

self-efficacy evolve over the course of mentorship.  

 



A key direction for future research involves leveraging midpoint survey data (see Figure 1) to 

formally examine recalibration effects associated with students’ developing metacognition 

(including patterns consistent with the Dunning-Kruger effect). Traditional pre-post designs 

often obscure these dynamics, since learners’ increasing awareness of task complexity can 

depress self-assessments even as competence improves [106], [107]. Because TMM includes 

structured midpoint surveys alongside post-program reflections, future analyses will be able to 

trace changes in students’ self-perceptions across time, capturing transitions from unconscious 

incompetence toward conscious incompetence and finally conscious competence. Empirically 

documenting this trajectory in a pre-college engineering context represented a rare 

methodological opportunity, as few interventions collect sufficiently granular longitudinal 

self-report data to evaluate these effects directly [116]. 

 

The authors are uniquely positioned to conduct a longitudinal person-centered study examining 

engineering identity development across the full duration of students’ mentorship experience and 

beyond. To our knowledge, such a study would represent only the second of its kind in this 

domain [15]. Beyond tracking engineering identity over time, future research has the potential to 

capture a more holistic view of adolescent identity development by integrating academic, 

personal and societal dimensions. Future studies will be able to draw on rich historical data that 

contextualizes students’ experiences across multiple perspectives because Hugo Mentors already 

collects structured feedback from parents and mentors. These data will be complemented by 

thoughtful and detailed mentor evaluations that document students' co-learning processes, 

offering additional insights into how mentorship interactions shape identity agency and learning 

trajectories. Moreover, Hugo Mentors has begun collecting college and post-college outcomes 

through alumni surveys and publicly available professional data sources, including LinkedIn 

searches, enabling longer-term examination of education and career pathways. This should allow 

future research to move beyond cross-sectional outcomes toward a more comprehensive 

understanding of how purpose-centered mentorship influences engineering identity formation, 

calibration of development of metacognition, persistence, and engagement across critical 

developmental transitions.  

 

REFERENCES 



 

[1]​ I. of Medicine, N. A. of Engineering, N. A. of Sciences, C. on S. Policy Engineering, and 
Public, and C. on P. in the G. E. of the 21st C. A. A. for A. S. and Technology, Rising 
Above the Gathering Storm: Energizing and Employing America for a Brighter Economic 
Future. National Academies Press, 2007.  

[2]​ R. García-Ros, F. Pérez-González, F. Cavas-Martínez, and J. M. Tomás, “Sci-Hub. Social 
interaction learning strategies, motivation, first-year students’ experiences and 
permanence in university studies / Educational Psychology, 2017”, Accessed: Jan. 11, 
2026. [Online]. Available: https://sci-hub.ru/10.1080/01443410.2017.1394448  

[3]​ J. Gómez, A. Tayebi, and C. Delgado, “Factors That Influence Career Choice in 
Engineering Students in Spain: A Gender Perspective,” IEEE Trans. Educ., vol. 65, no. 1, 
pp. 81–92, Feb. 2022, doi: 10.1109/TE.2021.3093655.  

[4]​ “Early High School STEM Perceptions Associated With Postsecondary Outcomes,” 
Center for American Progress. Accessed: Dec. 22, 2025. [Online]. Available: 
https://www.americanprogress.org/article/early-high-school-stem-perceptions-associated-p
ostsecondary-outcomes/  

[5]​ K. R. Muis, “Personal Epistemology and Mathematics: A Critical Review and Synthesis 
of Research,” Rev. Educ. Res., vol. 74, no. 3, pp. 317–377, 2004, doi: 
10.3102/00346543074003317.  

[6]​ K. R. Muis, L. D. Bendixen, and F. C. Haerle, “Domain-Generality and 
Domain-Specificity in Personal Epistemology Research: Philosophical and Empirical 
Reflections in the Development of a Theoretical Framework,” Educ. Psychol. Rev., vol. 
18, no. 1, pp. 3–54, 2006, doi: 10.1007/s10648-006-9003-6.  

[7]​ S. E. Walden and C. Foor, “‘What’s to keep you from dropping out?’ Student Immigration 
into and within Engineering,” J. Eng. Educ., vol. 97, no. 2, pp. 191–205, 2008, doi: 
10.1002/j.2168-9830.2008.tb00967.x.  

[8]​ R. M. Marra, K. A. Rodgers, D. Shen, and B. Bogue, “Leaving Engineering: A Multi-Year 
Single Institution Study,” J. Eng. Educ., vol. 101, no. 1, pp. 6–27, 2012, doi: 
10.1002/j.2168-9830.2012.tb00039.x.  

[9]​ M. Meyer and S. Marx, “Engineering Dropouts: A Qualitative Examination of Why 
Undergraduates Leave Engineering,” J. Eng. Educ., vol. 103, no. 4, pp. 525–548, 2014, 
doi: 10.1002/jee.20054.  

[10]​ E. Litzler and J. Young, “Understanding the Risk of Attrition in Undergraduate 
Engineering: Results from the Project to Assess Climate in Engineering,” J. Eng. Educ., 
2012, doi: 10.1002/j.2168-9830.2012.tb00052.x.  

[11]​ C. Denson and R. Hill, “Impact of an Engineering Mentorship Program on 
African-American Male High School Students’ Perceptions and Self-Efficacy,” J. STEM 
Teach. Educ., vol. 47, no. 1, Mar. 2010, doi: .  

[12]​ J. E. Rhodes, “A Model of Youth Mentoring,” in Handbook of youth mentoring, in The 
Sage program on applied developmental science. , Thousand Oaks, CA: Sage Publications 
Ltd, 2005, pp. 30–43. doi: 10.4135/9781412976664.n3.  

[13]​ S. Rennigeri, “Interest: A unique affective and cognitive motivational variable that 
develops,” in Advances in Motivation Science, vol. 9, Elsevier, 2022, pp. 179–239. doi: 
10.1016/bs.adms.2021.12.004.  



[14]​ B. A. Danielak, A. Gupta, and A. Elby, “Marginalized Identities of Sense‐Makers: 
Reframing Engineering Student Retention,” J. Eng. Educ., vol. 103, no. 1, pp. 8–44, Jan. 
2014, doi: 10.1002/jee.20035.  

[15]​ M. E. Lockhart and K. Rambo-Hernandez, “Investigating engineering identity 
development and stability amongst first-year engineering students: a person-centred 
approach,” Eur. J. Eng. Educ., vol. 49, no. 3, pp. 411–433, May 2024, doi: 
10.1080/03043797.2023.2262412.  

[16]​ E. Liquete, E. Dekoninck, and G. Wisker, “From student to engineer: identity formation in 
engineering education,” Eur. J. Eng. Educ., vol. 0, no. 0, pp. 1–24, Jul. 2025, doi: 
10.1080/03043797.2025.2537694.  

[17]​ S. E. Hidi and K. A. Renninger, “Interest Development and Its Relation to Curiosity: 
Needed Neuroscientific Research,” Educ. Psychol. Rev., 2019, doi: 
10.1007/s10648-019-09491-3.  

[18]​ K. A. Renninger and S. E. Hidi, “Interest: A unique affective and cognitive motivational 
variable that develops,” in Advances in Motivation Science, vol. 9, Elsevier, 2022, pp. 
179–239. doi: 10.1016/bs.adms.2021.12.004.  

[19]​ A. Bandura, “Self-efficacy: Toward a unifying theory of behavioral change,” Psychol. 
Rev., vol. 84, no. 2, pp. 191–215, 1977, doi: 10.1037/0033-295X.84.2.191.  

[20]​ J. Gosselin and J. Maddux, “Self-Efficacy,” in Handbook of Self and Identity, New York, 
NY: The Guifford Press, 2003, pp. 218–238. [Online]. Available: 
https://digitalcommons.sacredheart.edu/psych_fac/17  

[21]​ J. H. Pfeifer and E. T. Berkman, “The Development of Self and Identity in Adolescence: 
Neural Evidence and Implications for a Value-Based Choice Perspective on Motivated 
Behavior,” Child Dev. Perspect., vol. 12, no. 3, pp. 158–164, 2018, doi: 
10.1111/cdep.12279.  

[22]​ C. Romero, “What We Know About Purpose & Relevance from Scientific Research,” 
Student Experience Research Network, 2019.  

[23]​ A. Pannoni, “STEM Pros Share Secrets to Boost Teen Interest, Participation.” Accessed: 
Dec. 27, 2025. [Online]. Available: 
https://www.usnews.com/education/blogs/high-school-notes/2015/12/14/stem-pros-share-s
ecrets-to-boost-teen-interest-participation  

[24]​ S. C. DeFreitas and A. Bravo, “The influence of involvement with faculty and mentoring 
on the self-efficacy and academic achievement of African American and Latino college 
students,” J. Scholarsh. Teach. Learn., pp. 1–11, Dec. 2012.  

[25]​ M. J. Karcher, “The Effects of Developmental Mentoring and High School Mentors’ 
Attendance on Their Younger Mentees’ Self-Esteem, Social Skills, and Connectedness,” 
Psychol. Sch., vol. 42, no. 1, pp. 65–77, 2005, doi: 10.1002/pits.20025.  

[26]​ D. M. Williams and R. E. Rhodes, “The confounded self-efficacy construct: conceptual 
analysis and recommendations for future research,” Health Psychol. Rev., 2014, doi: 
10.1080/17437199.2014.941998.  

[27]​ C. Hulleman, “‘I could be changing the world right now, but instead I’m solving for X.,’” 
Medium. Accessed: Dec. 27, 2025. [Online]. Available: 
https://medium.com/@chris.hulleman/i-could-be-changing-the-world-right-now-but-instea
d-i-m-solving-for-x-599b7ce7e4a3  



[28]​ H. Jang, “Supporting students’ motivation, engagement, and learning during an 
uninteresting activity,” J. Educ. Psychol., vol. 100, no. 4, pp. 798–811, 2008, doi: 
10.1037/a0012841.  

[29]​ R. Weissbourd et al., “On Edge: Understanding and Preventing Young Adults’ Mental 
Health Challenges,” Oct. 2023. Accessed: Jan. 04, 2026. [Online]. Available: 
https://mcc.gse.harvard.edu/reports/on-edge  

[30]​ G. Raczkowski, “We Asked, You Answered: The Workplace Trends That Matter,” 
SurveyMonkey. Accessed: Jan. 16, 2026. [Online]. Available: 
https://www.surveymonkey.com/curiosity/we-asked-you-answered-the-workplace-trends-t
hat-matter/  

[31]​ E. Faber, “2025 Gen Z and Millenial Survey: Growth and the pursuit of money, meaning, 
and well-being,” Deloitte Touche Tohmatsu Limited, 2025. [Online]. Available: 
https://www.deloitte.com/content/dam/assets-shared/docs/campaigns/2025/2025-genz-mill
ennial-survey.pdf  

[32]​ L. C. Lachowsky, “The Transition Experiences of High Achieving High School Students 
from Secondary Education to College : A Case Study,” Ed.D. Dissertation, Concordia 
University, Portland, 2019.  

[33]​ X. Chen et al., “High School Longitudinal Study of 2009 (HSLS:09) A First Look at the 
Postsecondary Transcripts and Student Financial Aid Records of Fall 2009 
Ninth-Graders.” U.S. Department of Education. Washington, DC: National Center for 
Education Statistics, 2020. Accessed: Dec. 10, 2025. [Online]. Available: 
https://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2020003  

[34]​ S. Rodriguez, C. Lu, and M. Bartlett, “Engineering Identity Development: A Review of 
Higher Education Literature,” Int. J. Educ. Math. Sci. Technol., vol. 6, no. 3, pp. 254–265, 
Jan. 2018.  

[35]​ R. Stevens, K. O’Connor, and L. Garrison, “Engineering Student Identities And The 
Navigation Of The Undergraduate Curriculum,” presented at the 2005 Annual Conference, 
Jun. 2005, p. 10.558.1-10.558.8. Accessed: Jan. 15, 2026. [Online]. Available: 
https://peer.asee.org/engineering-student-identities-and-the-navigation-of-the-undergradua
te-curriculum  

[36]​ R. Stevens, K. O’Connor, L. Garrison, A. Jocuns, and D. M. Amos, “Becoming an 
Engineer: Toward a Three Dimensional View of Engineering Learning,” J. Eng. Educ., 
vol. 97, no. 3, pp. 355–368, Jul. 2008, doi: 10.1002/j.2168-9830.2008.tb00984.x.  

[37]​ C. E. Foor, S. E. Walden, and D. A. Trytten, “‘I Wish that I Belonged More in this Whole 
Engineering Group:’ Achieving Individual Diversity,” J. Eng. Educ., vol. 96, no. 2, pp. 
103–115, 2007, doi: 10.1002/j.2168-9830.2007.tb00921.x.  

[38]​ A. Jocuns, R. Stevens, L. Garrison, and D. Amos, “ERIC - ED540685 - Students’ 
Changing Images of Engineering and Engineers. Research Brief, Center for the 
Advancement of Engineering Education (NJ1), 2008-Ju.” Accessed: Dec. 26, 2025. 
[Online]. Available: https://eric.ed.gov/?id=ED540685  

[39]​ C. Wallwey, E. Dringenberg, B. Braaten, Y. Li, and R. Kajfez, “Engineering Identity and 
Smartness Identity as They Relate to Women’s Participation in Engineering,” IEEE Trans. 
Educ., vol. PP, pp. 1–11, Apr. 2024, doi: 10.1109/TE.2024.3359534.  

[40]​ Committee on Closing the Equity Gap: Securing Our STEM Education and Workforce 
Readiness Infrastructure in the Nation’s Minority Serving Institutions, Board on Higher 
Education and Workforce, Policy and Global Affairs, and National Academies of 



Sciences, Engineering, and Medicine, Minority Serving Institutions: America’s 
Underutilized Resource for Strengthening the STEM Workforce. Washington, D.C.: 
National Academies Press, 2019, p. 254. doi: 10.17226/25257.  

[41]​ G. Trujillo et al., “Near-peer STEM Mentoring Offers Unexpected Benefits for Mentors 
from Traditionally Underrepresented Backgrounds,” Perspect. Undergrad. Res. Mentor. 
PURM, vol. 4, no. 1, p. 
http://blogs.elon.edu/purm/files/2015/11/Riggs.GT-et-al-PURM-4.1.pdf, 2015.  

[42]​ R. Hathaway, B. Nagda, and S. Gregerman, “The Relationship of Undergraduate Research 
Participation to Graduate and Professional Education Pursuit: An Empirical Study,” J. 
Coll. Stud. Dev., vol. 43, Jan. 2002.  

[43]​ M. T. H. Chi, P. J. Feltovich, and R. Glaser, “Categorization and Representation of Physics 
Problems by Experts and Novices*,” Cogn. Sci., vol. 5, no. 2, pp. 121–152, Apr. 1981, 
doi: 10.1207/s15516709cog0502_2.  

[44]​ F. Reif, Applying cognitive science to education: Thinking and learning in scientific and 
other complex domains. in Applying cognitive science to education: Thinking and 
learning in scientific and other complex domains. Cambridge, MA, US: Boston Review, 
2008, pp. xviii, 471.  

[45]​ J. S. (Jerome S. Bruner, Toward a theory of instruction. Cambridge, Mass., Belknap Press 
of Harvard University, 1966. Accessed: Dec. 26, 2025. [Online]. Available: 
http://archive.org/details/towardtheoryofin00brun  

[46]​ L. S. Vygotsky, Mind in Society: Development of Higher Psychological Processes. 
Harvard University Press, 1978. doi: 10.2307/j.ctvjf9vz4.  

[47]​ “THE ROLE OF TUTORING IN PROBLEM SOLVING* - Wood - 1976 - Journal of 
Child Psychology and Psychiatry - Wiley Online Library.” Accessed: Dec. 26, 2025. 
[Online]. Available: 
https://acamh.onlinelibrary.wiley.com/doi/10.1111/j.1469-7610.1976.tb00381.x  

[48]​ C. S. Dweck, G. M. Walton, and G. L. Cohen, “ERIC - ED576649 - Academic Tenacity: 
Mindsets and Skills that Promote Long-Term Learning, Bill & Melinda Gates Foundation, 
201.” Accessed: Dec. 27, 2025. [Online]. Available: https://eric.ed.gov/?id=ED576649  

[49]​ D. Kolb, Experiential Learning: Experience As The Source Of Learning And 
Development, vol. 1. 1984.  

[50]​ T. A. E. C. Foundation, “Spotlight on Youth Mentoring,” The Annie E. Casey Foundation. 
Accessed: Jan. 07, 2026. [Online]. Available: 
https://www.aecf.org/blog/spotlight-on-youth-mentoring  

[51]​ W. Nuis, M. Segers, and S. Beausaert, “Conceptualizing mentoring in higher education: A 
systematic literature review,” Educ. Res. Rev., vol. 41, p. 100565, Nov. 2023, doi: 
10.1016/j.edurev.2023.100565.  

[52]​ S. Secules, A. Gupta, A. Elby, and E. Tanu, “Supporting the Narrative Agency of a 
Marginalized Engineering Student,” J. Eng. Educ., 2018, doi: 10.1002/jee.20201.  

[53]​ “Who Mentored You.” Accessed: Jan. 07, 2026. [Online]. Available: 
https://www.mentoring.org/resource/who-mentored-you/  

[54]​ G. Downey and J. Lucena, “When Students Resist: Ethnography of a Senior Design 
Experience in Engineering Education”.  

[55]​ R. Stevens, “Learning as a Members’ Phenomenon: Toward an Ethnographically 
Adequate Science of Learning,” Teach. Coll. Rec., vol. 112, no. 13, pp. 82–97, Dec. 2010, 
doi: 10.1177/016146811011201306.  



[56]​ D. Urhahne and L. Wijnia, “Theories of Motivation in Education: an Integrative 
Framework,” Educ. Psychol. Rev., vol. 35, no. 2, p. 45, Mar. 2023, doi: 
10.1007/s10648-023-09767-9.  

[57]​ H. Yazdi, “Students With a Bigger Purpose Stay Motivated,” Digital Promise. Accessed: 
Jan. 02, 2026. [Online]. Available: 
https://digitalpromise.org/2016/07/27/students-with-a-bigger-purpose-stay-motivated/  

[58]​ D. S. Yeager et al., “A national experiment reveals where a growth mindset improves 
achievement,” Nature, vol. 573, no. 7774, pp. 364–369, Sep. 2019, doi: 
10.1038/s41586-019-1466-y.  

[59]​ D. S. Yeager and M. J. Bundick, “The role of purposeful work goals in promoting 
meaning in life and in schoolwork during adolescence,” J. Adolesc. Res., vol. 24, no. 4, 
pp. 423–452, 2009, doi: 10.1177/0743558409336749.  

[60]​ K. Cotton Bronk, “The role of purpose in life in healthy identity formation: A grounded 
model,” New Dir. Youth Dev., vol. 2011, no. 132, pp. 31–44, 7, Dec. 2011, doi: 
10.1002/yd.426.  

[61]​ J. Beckmann and H. Heckhausen, “Situational Determinants of Behavior,” 2018. doi: 
10.1007/978-3-319-65094-4_4.  

[62]​ C. Ames and J. Archer, “Achievement goals in the classroom: Students’ learning strategies 
and motivation processes.,” J. Educ. Psychol., 1988, doi: 10.1037/0022-0663.80.3.260.  

[63]​ A. J. Elliot and C. S. Hulleman, “Achievement Goals,” in Handbook of competence and 
motivation: THeory and application, 2nd ed., The Guilford Press, pp. 43–60.  

[64]​ E. L. Deci and R. M. Ryan, “Self-determination theory: A macrotheory of human 
motivation, development, and health,” Can. Psychol. Psychol. Can., vol. 49, no. 3, pp. 
182–185, 2008, doi: 10.1037/a0012801.  

[65]​ R. M. Ryan and E. L. Deci, “Intrinsic and extrinsic motivation from a self-determination 
theory perspective: Definitions, theory, practices, and future directions,” Contemp. Educ. 
Psychol., vol. 61, p. 101860, Apr. 2020, doi: 10.1016/j.cedpsych.2020.101860.  

[66]​ R. M. Ryan and E. L. Deci, “Self‐Regulation and the Problem of Human Autonomy: Does 
Psychology Need Choice, Self‐Determination, and Will?,” J. Pers., vol. 74, no. 6, pp. 
1557–1586, Dec. 2006, doi: 10.1111/j.1467-6494.2006.00420.x.  

[67]​ I. Esmonde, K. Brodie, L. Dookie, and M. Takeuchi, “Social Identities and Opportunities 
to Learn: Student Perspectives on Group Work in an Urban Mathematics Classroom,” J. 
Urban Math. Educ., vol. 2, pp. 18–45, Dec. 2009, doi: 10.21423/jume-v2i2a46.  

[68]​ J. Evans, C. Morgan, and A. Tsatsaroni, “Discursive Positioning and Emotion in School 
Mathematics Practices,” Educ. Stud. Math., vol. 63, no. 2, pp. 209–226, Jul. 2006, doi: 
10.1007/s10649-006-9029-1.  

[69]​ L. T. Eby, T. D. Allen, S. C. Evans, T. Ng, and D. DuBois, “Does Mentoring Matter? A 
Multidisciplinary Meta-Analysis Comparing Mentored and Non-Mentored Individuals,” J. 
Vocat. Behav., vol. 72, no. 2, pp. 254–267, Apr. 2008, doi: 10.1016/j.jvb.2007.04.005.  

[70]​ T. K. Beam, O. Pierrakos, J. Constantz, A. Johri, and R. Anderson, “ASEE PEER - 
Preliminary Findings On Freshmen Engineering Students’ Professional Identity: 
Implications For Recruitment And Retention,” Accessed: Dec. 31, 2025. [Online]. 
Available: 
https://peer.asee.org/preliminary-findings-on-freshmen-engineering-students-professional-
identity-implications-for-recruitment-and-retention  



[71]​ A. Patrick and M. Borrego, “A Review of the Literature Relevant to Engineering Identity,” 
in 2016 ASEE Annual Conference & Exposition Proceedings, New Orleans, Louisiana: 
ASEE Conferences, Jun. 2016, p. 26428. doi: 10.18260/p.26428.  

[72]​ A. Godwin, “ASEE PEER - The Development of a Measure of Engineering Identity,” 
Accessed: Dec. 31, 2025. [Online]. Available: 
https://peer.asee.org/the-development-of-a-measure-of-engineering-identity  

[73]​ E. H. Erikson, Identity and the Life Cycle. New York, NY: W. W. Norton & Company, 
1994.  

[74]​ H. Malin, Teaching for Purpose: Preparing students for lives of meaning. Harvard 
Education Press, 2018. Accessed: Oct. 13, 2025. [Online]. Available: 
https://hep.gse.harvard.edu/9781682532577/teaching-for-purpose/  

[75]​ “Yeager, E.A and S. J. Foster. ‘The Role of Empathy in the Development of Historical 
Understanding.’ (2001) | The History Education Network.” Accessed: Jan. 12, 2026. 
[Online]. Available: 
https://thenhier.ca/en/content/yeager-ea-and-s-j-foster-%E2%80%9C-role-empathy-develo
pment-historical-understanding%E2%80%9D-2001.html  

[76]​ U. Schiefele, A. Krapp, and A. Winteler, “Interest as a Predictor of Academic 
Achievement: A Meta-Analysis of Research,” in The Role of interest in Learning and 
Development, Psychology Press, 1992.  

[77]​ O. Köller, J. Baumert, and K. Schnabel, “Does Interest Matter? The Relationship between 
Academic Interest and Achievement in Mathematics,” J. Res. Math. Educ., vol. 32, no. 5, 
pp. 448–470, 2001, doi: 10.2307/749801.  

[78]​ L.-L. Kearns, “High-stakes Standardized Testing and Marginalized Youth: An 
Examination of the Impact on Those Who Fail,” Can. J. Educ. Rev. Can. Léducation, vol. 
34, no. 2, pp. 112–130, 2011.  

[79]​ N. Hamilton, R. Freche, Y. Zhang, G. Zeller, and I. Carroll, “Test Anxiety and Poor Sleep: 
A Vicious Cycle,” Int. J. Behav. Med., vol. 28, no. 2, pp. 250–258, Mar. 2021, doi: 
10.1007/s12529-021-09973-1.  

[80]​ Y. Terada, “The Psychological Toll of High-Stakes Testing,” Edutopia. Accessed: Jan. 12, 
2026. [Online]. Available: 
https://www.edutopia.org/article/psychological-toll-high-stakes-testing/  

[81]​ “Boaler, J., & Greeno, J. G. (2000). Identity, Agency, and Knowing in Mathematics 
World. In J. Boaler (Ed.), Multiple Perspectives on Mathematics Teaching and Learning 
(pp. 171-186). Ablex Publishing. - References - Scientific Research Publishing.” 
Accessed: Jan. 08, 2026. [Online]. Available: 
https://www.scirp.org/reference/referencespapers?referenceid=3365654  

[82]​ R. M. Ryan and E. L. Deci, “Self-Determination Theory and the Facilitation of Intrinsic 
Motivation, Social Development, and Well-Being,” Am. Psychol., vol. 55, no. 1, pp. 
68–78, Jan. 2000.  

[83]​ W. Damon, The path to purpose : how young people find their calling in life. New York : 
Free Press, 2009. Accessed: Jan. 02, 2026. [Online]. Available: 
http://archive.org/details/pathtopurposehow0000damo  

[84]​ P. Cook-Deegan, “How to Help Teens Find Purpose,” Greater Good Magazine, Apr. 16, 
2015. Accessed: Jan. 12, 2026. [Online]. Available: 
https://greatergood.berkeley.edu/article/item/how_to_help_teens_find_purpose  



[85]​ E. A. Linnenbrink and P. R. Pintrich, “Achievement goal theory and affect: An 
asymmetrical bidirectional model,” Educ. Psychol., vol. 37, no. 2, pp. 69–78, 2002, doi: 
10.1207/S15326985EP3702_2.  

[86]​ C. Huang, “Achievement goals and achievement emotions: A meta-analysis,” Educ. 
Psychol. Rev., vol. 23, no. 3, pp. 359–388, 2011, doi: 10.1007/s10648-011-9155-x.  

[87]​ R. M. Korn, A. J. Elliot, and M. Daumiller, “Back to the roots: The 2 × 2 standpoints and 
standards achievement goal model,” Learn. Individ. Differ., vol. 72, pp. 92–102, 2019, doi: 
10.1016/j.lindif.2019.04.009.  

[88]​ A. Bandura, “Regulation of cognitive processes through perceived self-efficacy.,” Dev. 
Psychol., 1989, doi: 10.1037/0012-1649.25.5.729.  

[89]​ L. Linnenbrink-Garcia, E. A. Patall, and R. Pekrun, “Adaptive Motivation and Emotion in 
Education: Research and Principles for Instructional Design,” Policy Insights Behav. Brain 
Sci., vol. 3, no. 2, pp. 228–236, Oct. 2016, doi: 10.1177/2372732216644450.  

[90]​ A. C. Koenka, “Academic motivation theories revisited: An interactive dialog between 
motivation scholars on recent contributions, underexplored issues, and future directions,” 
Contemp. Educ. Psychol., vol. 61, p. 101831, Apr. 2020, doi: 
10.1016/j.cedpsych.2019.101831.  

[91]​ S. Hidi, “Interest: A unique motivational variable,” Educ. Res. Rev., vol. 1, no. 2, pp. 
69–82, Jan. 2006, doi: 10.1016/j.edurev.2006.09.001.  

[92]​ J. I. Rotgans and H. G. Schmidt, “How individual interest influences situational interest 
and how both are related to knowledge acquisition: A microanalytical investigation,” J. 
Educ. Res., vol. 111, no. 5, pp. 530–540, Sep. 2018, doi: 
10.1080/00220671.2017.1310710.  

[93]​ P. R. Brown, R. E. McCord, H. M. Matusovich, and R. L. Kajfez, “The use of motivation 
theory in engineering education research: a systematic review of literature,” Eur. J. Eng. 
Educ., Mar. 2015, Accessed: Sep. 29, 2025. [Online]. Available: 
https://www.tandfonline.com/doi/full/10.1080/03043797.2014.941339  

[94]​ C. P. Cerasoli, J. M. Nicklin, and M. T. Ford, “Intrinsic motivation and extrinsic incentives 
jointly predict performance: A 40-year meta-analysis,” Psychol. Bull., vol. 140, no. 4, pp. 
980–1008, 2014, doi: 10.1037/a0035661.  

[95]​ E. A. Patall, H. Cooper, and S. R. Wynn, “The effectiveness and relative importance of 
choice in the classroom,” J. Educ. Psychol., vol. 102, no. 4, pp. 896–915, 2010, doi: 
10.1037/a0019545.  

[96]​ S. Mammadov and K. Schroeder, “A meta-analytic review of the relationships between 
autonomy support and positive learning outcomes,” Contemp. Educ. Psychol., vol. 75, p. 
102235, Oct. 2023, doi: 10.1016/j.cedpsych.2023.102235.  

[97]​ J. M. Melo, B. Benedict, R. Clements, H. Perkins, and A. Godwin, “See Me as an 
Engineer: Understanding the Role of Language and Multiple Role Identities on 
Engineering Students’ Identity Trajectory,” in 2020 IEEE Frontiers in Education 
Conference (FIE), Oct. 2020, pp. 1–9. doi: 10.1109/FIE44824.2020.9274017.  

[98]​ J. D. Vermunt and N. Verloop, “Congruence and friction between learning and teaching,” 
Learn. Instr., vol. 9, no. 3, pp. 257–280, Jun. 1999, doi: 10.1016/S0959-4752(98)00028-0.  

[99]​ R. Sriram, “The Neuroscience Behind Productive Struggle,” Edutopia. Accessed: Dec. 31, 
2025. [Online]. Available: 
https://www.edutopia.org/article/neuroscience-behind-productive-struggle/  



[100]​ G. P. Latham and E. A. Locke, “Goal setting—A motivational technique that works,” 
Organ. Dyn., 1979, doi: 10.1016/0090-2616(79)90032-9.  

[101]​ A. Godwin and G. Potvin, “Pushing and pulling Sara: A case study of the contrasting 
influences of high school and university experiences on engineering agency, identity, and 
participation,” J. Res. Sci. Teach., vol. 54, no. 4, pp. 439–462, 2017, doi: 
10.1002/tea.21372.  

[102]​ G. Raslan, “The Impact of the Zone of Proximal Development Concept (Scaffolding) on 
the Students Problem Solving Skills and Learning Outcomes,” 2024. doi: 
10.1007/978-3-031-56121-4_6.  

[103]​ K. C. Bronk, B. R. Riches, and S. A. Mangan, “Claremont Purpose Scale: A Measure that 
Assesses the Three Dimensions of Purpose among Adolescents,” Res. Hum. Dev., vol. 15, 
no. 2, pp. 101–117, Apr. 2018, doi: 10.1080/15427609.2018.1441577.  

[104]​ J. W. Creswell and V. L. Plano Clark, Designing and Conducting Mixed Methods 
Research, 3rd ed. Thousand Oaks, CA: SAGE Publications, Inc., 2018. Accessed: Jan. 04, 
2026. [Online]. Available: 
https://www.scirp.org/reference/referencespapers?referenceid=2697821  

[105]​ R. F. DeVellis, Scale Development Theory and Applications, 4th ed. Thousand Oaks, CA: 
SAGE Publications, Inc., 2017. Accessed: Jan. 04, 2026. [Online]. Available: 
https://www.scirp.org/reference/referencespapers?referenceid=2323603  

[106]​ J. Kruger and D. Dunning, “Unskilled and unaware of it: How difficulties in recognizing 
one’s own incompetence lead to inflated self-assessments,” J. Pers. Soc. Psychol., vol. 77, 
no. 6, pp. 1121–1134, 1999, doi: 10.1037/0022-3514.77.6.1121.  

[107]​ A. Adamecz, R. Ilieva, and N. Shure, “Revisiting the Dunning-Kruger effect: Composite 
measures and heterogeneity by gender,” J. Behav. Exp. Econ., vol. 116, p. 102362, Jun. 
2025, doi: 10.1016/j.socec.2025.102362.  

[108]​ S. B. Nolen, “A situative turn in the conversation on motivation theories,” Contemp. Educ. 
Psychol., vol. 61, p. 101866, Apr. 2020, doi: 10.1016/j.cedpsych.2020.101866.  

[109]​ K. A. Robinson, T. Perez, J. H. Carmel, and L. Linnenbrink-Garcia, “Science identity 
development trajectories in a gateway college chemistry course: Predictors and relations to 
achievement and STEM pursuit,” Contemp. Educ. Psychol., vol. 56, pp. 180–192, Jan. 
2019, doi: 10.1016/j.cedpsych.2019.01.004.  

[110]​ G. H. E. Gendolla, “Affective Influences on the Intensity of Mental Effort: 25 Years of 
Programmatic Research,” Emot. Rev., vol. 17, no. 1, pp. 46–63, Jan. 2025, doi: 
10.1177/17540739241303506.  

[111]​ R. Pekrun et al., “A three-dimensional taxonomy of achievement emotions,” J. Pers. Soc. 
Psychol., vol. 124, no. 1, pp. 145–178, Jan. 2023, doi: 10.1037/pspp0000448.  

[112]​ R. Pekrun and H. W. Marsh, “Research on situated motivation and emotion: Progress and 
open problems,” Learn. Instr., vol. 81, p. 101664, Oct. 2022, doi: 
10.1016/j.learninstruc.2022.101664.  

[113]​ J. W. Atkinson, “Motivational determinants of risk-taking behavior.,” Psychol. Rev., vol. 
64, no. 6, pp. 359–372, 1957, doi: 10.1037/h0043445.  

[114]​ K. A. Renninger and J. E. Bachrach, “Studying Triggers for Interest and Engagement 
Using Observational Methods,” Educ. Psychol., 2015, doi: 
10.1080/00461520.2014.999920.  

[115]​ K. Meyers, M. Ohland, A. Pawley, S. Stephen, and K. Smith, “Factors relating to 
engineering identity,” Glob. J. Eng. Educ., vol. 14, Jan. 2012.  



[116]​ J. Allen and K. Nimon, “A review of the retrospective pretest: Implications for 
performance improvement evaluation and research,” Workforce Educ. Forum, vol. 34, pp. 
36–56, Jan. 2007.  

 

 


	 
	 
	 
	 
	 
	 
	The Mentorship Method: An Out-of-School Pre-College Program (RTP) 

