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Bridging the Gap in Software Engineering Education: Analyzing
Learning Behaviors, Challenges, and Resource Effectiveness in Full-
Stack Development

Swetha Rajeev

(ABSTRACT)

In the rapidly evolving field of software engineering, the proficiency with which develop-

ers wield their tools significantly impacts their productivity and adaptability. Despite the

critical role of these tools, there is a notable gap in research regarding the time investment

required for learning them and the effectiveness of various learning resources. This study

aims to bridge this gap by investigating the most commonly used full-stack development

tools, quantifying the time developers dedicate to mastering these tools, and identifying the

factors influencing their learning choices and durations. Through a comprehensive survey

and analysis, we explore how developers and CS students discover new tools, decide which

ones to learn, and the challenges they encounter during this process. We further evaluate

the effectiveness of different learning resources, from formal education to self-directed online

learning, in fostering tool proficiency. The findings aim to inform the development of a tar-

geted curriculum that can equip engineers with the necessary skills more efficiently, thereby

enhancing the overall quality of software engineering education and practice. Building on

these insights, this research introduces ”LearnMate,” an interactive learning tool designed to

provide curated learning paths, recommend efficient learning resources, and offer structured

guidance tailored to different learning preferences. By leveraging survey findings, LearnMate

aims to assist both students and professionals in acquiring proficiency with essential full-

stack technologies in a structured and effective manner. This research not only contributes to



academic knowledge but also serves as a practical guide for curriculum developers, educators,

and practitioners in the software engineering domain. By combining the findings from the

survey recommendations with an interactive learning tool, this study paves the way for

more effective and efficient learning pathways in the ever-changing technological landscape,

ultimately improving software engineering education and professional training.



Bridging the Gap in Software Engineering Education: Analyzing
Learning Behaviors, Challenges, and Resource Effectiveness in Full-
Stack Development

Swetha Rajeev

(GENERAL AUDIENCE ABSTRACT)

In today’s world, almost everything we do is supported by some form of digital technology,

from the apps on our phones to the websites we browse daily. Behind these web applications

and digital interfaces are full-stack developers — software engineers who work on both the

front-end (the visible, user-facing part of a website or app) and the back-end (the server,

database, and logic that make it function). These developers use specialized tools to build

and improve digital experiences. However, selecting the right tools and learning to use them

efficiently presents a significant challenge, as developers must navigate a vast and rapidly

evolving technology landscape with limited guidance on which resources are most effective.

Our research delves into the realm of full-stack development to identify the essential tools

developers rely on, how much time they typically spend learning to use these tools effec-

tively, and the factors influencing their learning decisions. We also explore the hurdles they

face in this learning process and the resources they find most helpful, such as online courses,

tutorials, or community forums.

Beyond analyzing these challenges, this study leads to the development of a learning tool

designed to assist developers in selecting the most effective resources and structuring their

learning process. This tool will offer personalized learning paths based on individual needs

and preferences, helping both students and professionals acquire full-stack development skills



more efficiently. By understanding these aspects, we hope to make it easier for current and fu-

ture software engineers to pick up the skills they need quickly and efficiently. Ultimately, our

research contributes to making software education more accessible, structured, and aligned

with industry needs, ensuring that the digital world continues to grow and improve in ways

that benefit us all. This is not just about coding and programming; it’s about understanding

the backbone of our digital existence and ensuring that those who build it are well-equipped

for the task.
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In the rapidly evolving field of software engineering, development tools are not just acces-

sories; they are integral to a developer’s workflow. The proficiency with which developers

use their tools significantly impacts their productivity [5, 21] and efficiency. For instance, in-

tegrated development environments (IDEs) such as Visual Studio or IntelliJ IDEA provide

a comprehensive suite of tools that streamline the coding process1. A developer’s ability

to leverage IDE features such as intelligent code completion, automated refactoring, and

seamless debugging can impact the time and effort required to implement complex software

solutions [23]. However, the landscape of software development is constantly evolving, re-

quiring engineers not only to master existing tools but also to continuously adapt to new and

emerging technologies. Despite the critical role of these tools, there is limited research on

how developers learn them, the time investment required, and the effectiveness of different

learning resources.

Full-stack development encapsulates the comprehensive skill set required to build end-to-end

software solutions, covering both front-end and back-end technologies. Full-stack developers

work across the entire software development lifecycle, from designing the user interface to

implementing the server-side logic and database integration. According to the Stack Over-

flow Developer Survey 20222 , full-stack developers make up the largest proportion of the

developer community, accounting for 46. 82% of the respondents, followed by back-end
1https://www.xcubelabs.com/blog/a-comprehensive-guide-to-integrated-development-environments-ides/
2https://survey.stackoverflow.co/2022

1

https://www.xcubelabs.com/blog/a-comprehensive-guide-to-integrated-development-environments-ides/
https://survey.stackoverflow.co/2022
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developers (43. 38%) and front-end developers (25. 96%). This significant representation

highlights the need to understand the learning behaviors, challenges, and tool proficiency of

full-stack developers. By focusing on full-stack development, this study can provide broadly

applicable insights to the wider software engineering community given the versatility and

demand for full-stack skills in the industry.

The tools used in software development are essential components that enable full-stack de-

velopers to bring their ideas to life, impacting every stage from concept to deployment.

Full-stack developers need to possess knowledge of both front-end technologies like HTM-

L/CSS, React, Angular or Vue.js and back-end frameworks such as Node.js,Django or Spring

Boot, making their tool usage and mastery more comprehensive and demanding. They must

be proficient with tools for designing user interfaces, implementing server-side logic, and

integrating databases, among other tasks. Recognizing the importance of these tools, this

study seeks to investigate the most commonly used full-stack development tools, quantify

the time developers dedicate to mastering them, and identify the factors influencing their

learning choices and durations.

However, beyond simply analyzing these aspects, this research also introduces a learning-

driven software engineering tool called LearnMate, designed to enhance the learning expe-

rience for both students and professionals. This tool is designed to address the common

challenges faced by developers when learning new technologies by providing structured guid-

ance tailored to individual needs. It offers personalized learning paths that help learners

navigate the complexities of full-stack development by breaking down skills into manageable

steps based on their experience level and career goals. Additionally, the tool incorporates

recommendation systems that suggest the most effective educational resources, including

interactive tutorials, official documentation, and video-based courses. By analyzing devel-
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opers’ learning behaviors, the tool optimizes time investment by suggesting efficient learning

strategies, ensuring that users spend less time searching for resources and more time ac-

tively learning. Ultimately, this tool serves as an intelligent guide for both students seeking

structured educational pathways and professionals looking to stay up-to-date with industry

trends. By integrating data-driven insights with practical, real-world applications, it aims to

bridge the gap between traditional education and the constantly evolving demands of soft-

ware engineering[7], fostering a more effective and personalized approach to skill acquisition.

To guide this study, we explore the following research questions:

What are the essential tools in full-stack software development, and what influences

students and professionals when choosing which of these tools to learn?

How much time do students and professionals invest in learning new software tools,

and what factors affect this time investment?

What learning resources do students and professionals find most effective and what

challenges do they face when learning new tools for their projects or work?

With these research questions, this study aims to comprehensively explore how software

engineers, including both students and professionals, approach learning essential tools in

full-stack development. By examining their learning choices, time investment, and chal-

lenges faced, we aim to provide actionable insights for educators, curriculum developers, and

industry professionals.

Through a comprehensive survey and analysis, we aim to understand how developers discover

new tools, decide which ones to learn, and the challenges they face in this process. More-

over, this research also evaluates the effectiveness of different learning resources, ranging from

formal education (such as university courses and bootcamps) to self-directed online learn-
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ing(including interactive tutorials, documentation, and video-based courses).Our findings

will contribute to the development of a targeted curriculum and targeted learning method-

ologies that equip software engineers with the necessary skills more efficiently. In their

seminal work, Veena and Shastri (2013) [13] highlight the diversity of learning preferences,

underscoring the need for tailored educational approaches. Our findings will contribute to

this dialogue by focusing specifically on tool proficiency within full-stack development. By

informing the development of a targeted curriculum, we intend to equip software engineers

with the necessary skills more efficiently, thereby enhancing the overall quality of software

engineering education and practice. Moreover, this knowledge is invaluable for corporate

settings, where the optimization of training resources is of paramount importance [22]. This

thesis provides guidance on the best practices in learning and the optimal time allocation

for training initiatives.

This research extends beyond academic inquiry; it serves as a practical guide for curricu-

lum developers, educators, and industry practitioners. By introducing LearMate, it directly

addresses the need for more structured and effective learning pathways in software engineer-

ing. In a field where the only constant is change, providing structured learning guidance

is essential for helping developers keep pace with evolving technologies. This study, along

with the proposed tool, aims to bridge the gap between academia and industry, empowering

developers to learn, adapt, and excel in the ever-changing technological landscape.



Research has long acknowledged the disconnect between the skills taught in educational

settings and those required in the software engineering industry[9]. This discrepancy is par-

ticularly pronounced in the realm of full-stack development [8, 18], where the rapid evolution

of technologies necessitates a continuous learning approach. Building on the work of Veena

and Shastri (2013) [13], which calls attention to the diverse learning preferences, our review

explores how different learning models address or fail to address this gap.

Oguz et al.[14] conducted an intensive study into the gaps between industry and education

and concluded that the gaps were here to stay due to the fact that industry will continue

to innovate. This persistent gap is further corroborated by Garousi et al.[9], who conducted

a systematic literature review of 33 papers relating to the gap between software engineer-

ing education and industry needs. Their analysis revealed that out of 15 knowledge areas

defined in the Software Engineering Body of Knowledge (SWEBOK), 11 showed large gaps

and high relevance when considering only reports from the last five years. This indicates a

widening gap between education and industry needs, underscoring the urgency of addressing

this issue.

The challenge of keeping pace with industry demands is further complicated by the rapid

5
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evolution of technologies. Dobslaw et al. [6] used a text-analysis tool to compare keywords

from higher education course syllabi and job posts, finding that demand for cloud and

automation technologies such as Kubernetes and Docker is rising in job ads but not as much

in higher education syllabi. This mismatch highlights the need for more agile curriculum

development processes that can quickly adapt to emerging industry trends.

While previous research has highlighted the persistence of these gaps and the need for con-

tinuous learning, our study uniquely focuses on the specific tools and learning resources used

by full-stack developers. We aim to quantify the time investment required for mastering

these tools and identify the factors influencing developers’ learning choices and durations.

Unlike earlier studies that broadly discuss educational gaps, our research provides a detailed

examination of the most commonly used full-stack development tools and the effectiveness

of various learning resources, thereby offering actionable insights for curriculum developers

and educators to design more targeted and efficient learning pathways.

The act of selecting which software engineering tools to learn is a multifaceted decision that

can significantly impact a developer’s career trajectory [2]. This reinforces the complexity of

this decision-making process, highlighting the myriad of factors at play, including prevailing

industry trends, project-specific needs, and individual career objectives.

A seminal study by Murphy-Hill et al.[12] explores the social dynamics of tool discovery,

finding that peer interactions play a crucial role in how developers come across new tools .

Their research presents a nuanced picture of the learning ecosystem, where developers often

rely on their peers for knowledge acquisition, despite the presence of formal educational

resources. This peer-to-peer exchange, while occasionally serendipitous, is shown to have a
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profound influence on the tools that developers choose to incorporate into their skill set.

Building on this, Robillard et al. [15] conducted a study on how developers learn APIs,

which are crucial tools in software development. They found that developers often struggle

with learning new APIs due to insufficient documentation and examples. This highlights

the importance of comprehensive learning resources in the decision-making process when

choosing which tools to learn.

Furthermore, a study by Begel et. al [2] work on the struggles of new college graduates in

their first software development job further emphasizes the importance of practical, hands-

on experience with tools used in industry settings. These insights are invaluable, offering a

window into the organic learning processes that often go unnoticed in structured educational

environments. They underscore the need for educational programs to not only focus on

technical skills but also on developing the ability to make informed decisions about tool

adoption and learning strategies.

The research underlines the necessity for learning resources and curricula that not only

provide technical knowledge but also foster an environment conducive to social learning

and knowledge sharing. The literature offers insights into how developers prioritize learning

objectives and how these decisions impact their professional development.

The rapid evolution of technology in the software industry creates ongoing challenges for aca-

demic programs trying to keep pace with industry needs [9].This technological acceleration

has fundamentally transformed the skill requirements for software engineers, particularly in

full-stack development, where both front-end and back-end expertise are essential [18].
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Recent studies highlight the growing complexity of full-stack development [8]. In today’s fast-

paced environment, developers must be proficient in a range of technologies that span various

layers of the software stack. Front-end development increasingly involves complex frame-

works such as React, Angular, and Vue.js, which enable the creation of dynamic, responsive

interfaces but require mastery of JavaScript and advanced design principles. Simultaneously,

back-end development has expanded beyond traditional server management to include cloud

infrastructure, microservices, and containerization tools like Docker and Kubernetes.

The integration of artificial intelligence and advanced manufacturing technologies has cre-

ated new demands for software engineering education [10]. Modern software engineers must

understand not only traditional programming concepts but also emerging technologies like

cloud computing, artificial intelligence, and industrial automation [1]. This trend under-

scores the need for software engineers to continually learn new frameworks and adapt to

emerging technologies.

Moreover, the rise of cloud-based and serverless architectures has led to an increased de-

mand for skills in deploying and managing applications on various platforms [3]. Full-stack

developers today are often required to have knowledge of DevOps practices, which integrate

development with continuous deployment and monitoring [6]. This shift highlights a gap in

current software engineering curricula, as many programs still focus primarily on program-

ming languages and basic development skills without sufficient emphasis on deployment,

scalability, and performance optimization.

Another dimension of evolving skill requirements is the integration of artificial intelligence

(AI) and machine learning (ML) into full-stack applications [8, 19]. Recent research indicates

that the swift development of AI, particularly Large Language Models (LLMs), is drastically

altering various industries and necessitating a major change in the way software engineering

is taught. As a result, full-stack developers are increasingly expected to understand the
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basics of AI and ML to integrate data-driven features into their applications.

To address these evolving demands, several researchers recommend an industry-aligned,

flexible curriculum structure [16]. Studies suggest that software engineering education must

adapt and evolve to prepare software engineers for the emerging AI-driven environment [17].

This includes implementing industry-driven competency standards and incorporating real-

world project experiences. The literature indicates that while academic programs have made

strides in incorporating some new technologies, there remains a gap in bridging fundamental

knowledge with hands-on experience in industry-standard tools.



This section outlines the methodology employed in this research to investigate the learning

patterns, resource effectiveness, and tool proficiency among full-stack software developers.

The study aims to quantify the time investment required for learning development tools and

to identify the factors influencing learning choices and durations.

The survey was designed as a cross-sectional study aimed at capturing a snapshot of current

practices, preferences, and challenges related to learning and using web development tools

among full-stack developers. To achieve comprehensive data coverage, two distinct surveys

were developed: one targeted at students and the other at working professionals with expe-

rience in full-stack development. Both surveys shared a structured format, containing both

closed-ended questions for quantitative analysis and open-ended questions for qualitative

insights. The professional survey consisted of 21 questions, while the student survey had 22

questions. These surveys covered core areas including demographics, tool usage, learning

resources, time investment, learning challenges, and resource effectiveness, with slight vari-

ations to tailor the questions to each group’s specific context. For example, the professional

10
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survey gathered insights on challenges related to project-based learning at work, while the

student survey explored learning experiences in academic projects and internships.

The survey included questions on:

• Demographic Information: Age, gender, educational background, and professional ex-

perience.

• Tool Usage: Frequency and duration of use of various development tools.

• Learning Resources: Types of resources used (e.g., formal education, online courses,

tutorials, community forums).

• Time Investment: Estimated time spent learning each tool.

• Learning Challenges: Difficulties encountered during the learning process.

• Resource Effectiveness: Perceived effectiveness of different learning resources.

To capture diverse perspectives, the professional survey was distributed through LinkedIn,

email, and professional networks, particularly reaching out to colleagues from previous em-

ployment and friends working in various tech companies. Meanwhile, the student survey

was shared with computer science graduate and undergraduate students at Virginia Tech

via university email, relevant listservs, and classroom Slack channels. This approach en-

sured that data from both student and professional viewpoints were included, enriching the

dataset with a wide range of experiences and insights.

A combination of convenience and purposive sampling was employed to ensure representation

across different career stages and levels of experience in full-stack development. Convenience

sampling involved leveraging accessible groups through personal and professional networks,

while purposive sampling focused on individuals with specific backgrounds in software and
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full-stack development. This combination was essential to capturing relevant data aligned

with the study’s focus.

The surveys were administered online through the QuestionPro platform, allowing easy ac-

cess for participants and broad reach. The design prioritized user convenience, with each

survey intended to be completed within 10-15 minutes, facilitating robust participation across

both groups. This inclusive and varied distribution method enriched the study with com-

prehensive insights reflective of the full-stack development field at different career stages.

Before the full launch, the survey underwent a pilot test with a small group of 8-10 par-

ticipants from the software engineering reading group at Virginia Tech. This group was

chosen because the members have industry experience/ full-stack experience and substantial

knowledge in software engineering, making them representative of the target audience. The

pilot test aimed to validate the clarity and relevance of the survey questions and assess the

timing required to complete the survey. Feedback from this phase was used to refine the

questionnaire, ensuring that the questions were unambiguous and effectively aligned with the

research objectives. Adjustments were made based on participants’ suggestions to improve

question clarity, remove any ambiguities, and ensure that the survey effectively captured the

required data.

The analysis for this study involved both quantitative and qualitative methods to ensure a

comprehensive understanding of the collected data.
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The survey was conducted using an online platform to ensure a broad reach and easy data

collection. Closed-ended questions provided structured responses that could be statistically

analyzed to derive meaningful insights. These questions were carefully designed to address

the research objectives and included multiple-choice questions and single-response options

to capture both demographic details and insights into key topics such as tool usage, resource

preferences, time investment, and learning challenges.

• Most of the questions in both surveys utilized MCQs,

where respondents selected one or more options from a predefined list. In the pro-

fessional survey, 9 out of 21 questions were multiple-choice, while in the student sur-

vey, 12 out of 22 questions were multiple-choice. These questions gathered critical

data points, such as demographic information (e.g., age, education, experience level),

challenges faced during tool adoption, and factors influencing the choice of learning

resources.

Example: ”What resources do you use to learn new tools?” with options like

”Online tutorials,” ”Video courses,” and ”Documentation.”

The collected quantitative data were analyzed using various statistical methods to extract

insights and answer the research questions:

•
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These were used to summarize responses, such

as the percentage of participants preferring online tutorials or spending a specific

amount of time on learning tools.

∗ ”47.83% of professionals reported spending 1-3 hours weekly on

learning new tools.”

Mean and median values were calculated to

identify the average time spent learning tools by students and professionals.

•

Applied to compare the time investment between students

and professionals, providing statistical evidence of whether their time commit-

ment significantly differed.

∗ The t-test (t(106) = −1.03, p = 0.303) revealed no significant differ-

ence, suggesting that both groups invest similar amounts of time in learning.

Graphical methods were employed to present the analyzed data effectively:

• Depicted comparisons of popular tools and preferred learning resources

among the two groups.

• Illustrated the distribution of participants’ responses across different

categories, such as time investment.
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Open-ended questions allowed participants to elaborate on their experiences, providing

deeper insights into their learning processes and challenges. The qualitative data collection

focused on understanding the nuances behind the quantitative responses and uncovering rich,

detailed insights. The qualitative questions targeted specific aspects of learning, including

challenges, resource preferences, and collaboration. They were formulated to gather detailed

narratives, which could help identify patterns and themes in the learning behaviors of both

students and professionals.

•

This question aimed to uncover difficulties faced by professionals in mastering specific

tools, offering insights into areas that require improved training or resources.

•

This sought to identify overarching difficulties in the professional environment, such

as time management, technological adaptation, or organizational constraints.

•

This question explored the tools professionals commonly rely on and the resources they

found most effective for learning.
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•

This focused on understanding tool preferences for front-end development and identi-

fying the resources found most effective.

•

This question gathered feedback on how educational programs could be improved to

align better with industry requirements.

•

This question aimed to capture the tools that students have practical experience with,

providing a perspective on current academic exposure.

•

This question sought to understand what makes certain learning resources more effec-

tive from the student perspective.

•

This question explored adaptability and challenges associated with transitioning be-

tween tools.

•
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This question sought to understand the role of teamwork and knowledge-sharing in

enhancing the learning process.

•

This question sought to gather insights on what makes learning resources effective.

•

This question sought to collect practical tips and guidance for students preparing for

real-world applications of their skills.

The responses to these open-ended questions were analyzed using thematic analysis, a qual-

itative method that involves identifying, analyzing, and reporting patterns or themes within

the data. The process included the following steps:

• The qualitative responses were reviewed multiple times

to gain a deep understanding of the content and context.

• Key phrases and statements were highlighted, and initial codes were

assigned to identify recurring ideas. For example, phrases related to resource effective-

ness were coded under themes like “clarity,” “hands-on practice,” or “interactivity.”
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• The initial codes were grouped into broader themes, such as

”Challenges in Learning,” ”Collaboration Benefits,” and ”Resource Preferences.”

• The data from professional and student surveys were compared

to identify overlapping themes and unique perspectives. For instance, professionals

emphasized workplace-related challenges, while students focused more on academic

constraints.

• The themes were reviewed to ensure they accurately represented the

data, and illustrative quotes were selected to highlight key findings. For example,

one student mentioned, “Collaborating with peers helped me tackle complex projects

faster,” under the theme of “Collaborative Learning.”

The mixed method approach of analyzing the qualitative data offered nuanced in-

sights into the diverse learning experiences of full-stack developers, shedding light on

various challenges, preferences, and collaborative strategies. Participants frequently

highlighted time constraints, insufficient documentation, and steep learning curves as

significant obstacles in mastering new tools. Interactive and step-by-step tutorials

emerged as a preferred resource, praised for their effectiveness in facilitating practi-

cal learning. Additionally, many respondents emphasized the importance of teamwork

and peer support in overcoming challenges and enhancing their understanding of tools.

This qualitative analysis complemented the quantitative findings, providing a compre-

hensive view of the learning processes, challenges, and preferences among full-stack

developers.
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This research strictly adhered to ethical guidelines to ensure the rights, safety, and well-being

of all participants were protected. Institutional Review Board (IRB) approval was obtained

prior to the initiation of the study. The IRB review process ensured that the research

design, survey content, data collection methods, and consent procedures met established

ethical standards and minimized any potential risks to participants.

The following ethical measures were implemented during the study:

• Participants were provided with an informed consent form that

clearly outlined the purpose of the study, its objectives, and the nature of their involve-

ment. The form also included information about the voluntary nature of participation,

the approximate time required to complete the survey, and the fact that they could

withdraw at any time without any consequences.

• Data was stored securely to protect participants’ privacy.

• Participants were allowed to withdraw from the study at any

time without any consequences.

• The survey design minimized potential risks by avoiding

sensitive or intrusive questions and ensuring the language used in the surveys was neu-

tral and non-discriminatory. Participants were also provided with contact information

for the research team should they have any questions, concerns, or complaints about

the study.

By incorporating these ethical practices and securing IRB approval, this study prioritized

transparency and data protection. These measures ensured compliance with established

ethical research standards and reinforced the integrity and reliability of the findings.



The surveys aimed to capture current practices, preferences, and challenges associated with

learning and using full-stack development tools among full-stack developers. Two sets of

surveys were conducted: one among professionals and the other among students at Virginia

Tech.

The professional survey included responses from 71 participants, all of whom completed

the survey, resulting in a 100% completion rate. The respondents had varying levels of

experience, with the majority ie 31 participants(45.71%) having 1-2 years of experience,

followed by 22 participants ie, (31.43%) with 3-5 years of experience. A smaller percentage

had less than 1 year of experience i.e., 11 participants(15.71%), and 5-10 years of experience

i.e., 5 participants (7.14%) of experience. None of the respondents reported more than 10

years of experience.

On the other hand, the student survey collected 63 responses, with 62 fully completed, result-

ing in a 98.41% completion rate. The respondents’ academic levels varied, with participant

(1.72% )being a freshmen, 2 participants (3.45%) sophomores, 7 participants (12.07%) ju-

niors, 20 participants(34.48%) seniors, and the majority i.e., 28 participants (48.28%) being

master’s students. In addition to academic background, 70.69% i.e., 41 student respondents

20
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reported having participated in internships or projects related to their field of study. These

internships and projects provided students with practical exposure to tools and technologies

commonly used in industry. Notable companies where students interned include Collins

Aerospace, Amazon, Deloitte, ServiceNow, Cognizant, Peraton and Virginia Tech . This di-

verse professional experience adds depth to the analysis of the student survey responses, as it

reflects varying levels of real-world application of full-stack development tools and resources.

Professionals and students exhibited distinct patterns in their tool usage and learning.

Among professionals, the most common full-stack tools were React, Node.js, Flask, Django,

AWS services, PostgreSQL, and MySQL. Professionals predominantly favored video courses

and online tutorials (49.62%) as their primary learning resources, followed by coding boot-

camps (15.27%), social media platforms (16.03%), books (10.69%), and other sources like

ChatGPT, Stack Overflow, and project documentation (8.40%).

Students, on the other hand, frequently used VS Code, React, Django, Spring Boot, MySQL,

MongoDB, and Node.js. They showed a strong preference for online tutorials (46.59%), with

documentation (25%), blogs and articles (26.14%), and other resources such as ChatGPT

and video tutorials (2.27%) also being popular choices. They also demonstrated a willingness

to explore new tools when existing ones were less efficient. Participant S23 noted that:

This quote highlights the exploratory nature of students’ learning journeys, showcasing their
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ability to adapt to new tools that better meet project requirements. It reflects the importance

of flexibility and resourcefulness in the learning process, as students actively seek out tools

that enhance productivity and improve outcomes. This behavior also aligns with the trend

of trial-and-error learning, where students experiment with various tools to discover the most

suitable ones for their tasks.

Figure 4.1: Learning Resources for Professionals

Figure 4.2: Learning Resources for Students
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The time invested in learning new tools varied between the two groups. Professionals typ-

ically spent 1-3 hours per week on learning new tools (47.83%), with some dedicating 4-8

hours (24.64%) or more than 8 hours (11.59%). A smaller percentage spent less than 1 hour

per week (10.14%), and 5.80% reported not spending any time at all. In contrast, students

generally invested more consistent hours, with 59.52% spending 1-2 hours per week, 26.19%

dedicating 3-5 hours, 9.52% less than 1 hour, and 4.76% more than 5 hours per week.

Figure 4.3: Time spent by professionals on learning new tools.

Figure 4.4: Time spent by students on learning new tools.

While students and professionals show slight variations in how their time is distributed across
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different learning categories, the overall trends are similar: the majority of both groups

dedicate approximately 1–3 hours per week to learning new tools. A smaller proportion in

both groups invests either significantly less or significantly more time.

To determine whether these observed differences were statistically significant, a two-sample t-

test was conducted. The results indicated no statistically significant difference in the average

weekly learning time between students and professionals (t(106) = -1.03, p = 0.303).Since

the p-value is greater than the conventional threshold of 0.05, we cannot reject the null

hypothesis, suggesting that the time investments made by both groups are comparable.(Here

106 refers to the degree of freedom).

These results imply that, despite operating in different environments—academic for students

and professional for working individuals—the actual time spent learning new tools is broadly

similar across both groups. Although students and professionals may differ in the context

and motivations behind their learning, the amount of time they dedicate each week does not

significantly vary. This finding highlights the shared need for continuous upskilling among

both emerging and experienced developers, driven by the constantly evolving landscape of

new tools and technologies.

Professionals and students both encountered challenges when learning new tools, although

the type and frequency of these challenges varied between the two groups. For profession-

als, the primary challenges included time constraints (14.54%), lack of clear documentation

(15.96%), and a steep learning curve (13.12%). As Participant P55 remarked:
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This quote exemplifies the difficulty professionals face in balancing learning with their regular

job duties, reflecting how the demands of ongoing projects can limit their ability to explore

new tools. Additionally, they faced issues such as insufficient training resources (11.35%),

incompatibility with current systems (9.57%), and uncertainty about the long-term viability

of tools (8.87%).

To address these challenges, professionals prioritized learning that aligned with immediate

project needs (21.20%), career advancement (15.20%), and peer recommendations (10.40%).

They relied heavily on formal training programs and online courses, with 49.62% using video

courses and online tutorials as their primary learning resources.

Students reported the complexity of technology (31.58%), lack of time (39.47%), insufficient

documentation (10.53%), and limited resources (18.42%) as significant barriers. One student

remarked:

This quote highlights the difficulty students face in balancing multiple commitments, em-

phasizing the importance of time-efficient learning strategies and accessible resources. They

tackled these challenges by referring to other online tutorials (25.64%), seeking help from

peers or mentors (21.37%), engaging in hands-on practice (22.22%), trial and error (23.08%),

and using official documentation (7.69%). These approaches helped them manage the com-

plexities and constraints they faced in their learning processes.
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Overall, both groups demonstrated a proactive approach to overcoming their learning chal-

lenges by leveraging available resources, prioritizing their learning time, and seeking support

from peers and formal education.

The surveys underscored the preference for online tutorials and video courses as primary

learning resources among both groups. To better understand this preference, we also asked

participants what factors make these learning resources effective for mastering new tools.

Professionals highlighted functionality and features (25.96%), ease of use and learning curve

(23.56%), integration and compatibility (20.67%), reliability and support (17.79%), and cost

and value proposition (12.02%) as the most critical aspects in their evaluation. The students’

survey results showed similar observations, with 64.29% finding their learning resources

effective and 30.95% rating them as very effective. They considered learning style (29.32%),

level of experience (24.06%), content quality (23.31%), cost (16.54%), and availability of

support (6.77%) when choosing resources.

Participant S27 expressed the usefulness of interactive learning platforms, saying:

Another participant S39 further emphasized the value of detailed guidance, stating:
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Figure 4.5: factors to consider when choosing a tool (Professionals)

Additionally, the importance of hands-on learning was reiterated by participant S46 who

shared:

These quotes emphasize how engaging, hands-on content enhances the learning experience

by allowing students to apply new concepts in real time. They also highlight the importance

of practical resources that combine theoretical instruction with interactive elements, making

learning both efficient and effective.

Professionals emphasized the effectiveness of accessible, well-structured platforms, particu-

larly highlighting YouTube tutorials, Udemy courses, and official documentation. For exam-

ple, Participant P55 shared: Participant P64:
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These findings highlight that both students and professionals prefer learning platforms that

offer flexibility, hands-on experiences, and accessibility, ensuring they can progress at their

own pace while mastering the tools they need.

Collaboration with peers and colleagues was highlighted as a significant enhancer of the

learning experience for both professionals and students. 31 respondents indicated that work-

ing in groups, sharing knowledge, and solving problems collectively were beneficial. As one

student noted:

This quote exemplifies how collective knowledge and teamwork not only enhance learning

outcomes but also streamline problem-solving efforts, reflecting the collaborative nature of

software development. Another student emphasized the importance of collaboration:

This illustrates how quick exchanges with peers can alleviate individual challenges and ac-

celerate the learning process. Importantly, professionals also recognized the critical role
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of community and collaboration. In the professional survey, 7.09% of respondents identi-

fied Lack of Community Support as a key challenge when learning and adopting new tools,

highlighting the importance of having access to active peer communities and expert forums.

Additionally, when asked how they evaluate the credibility of learning resources, 11.5% of

professionals cited Recommendations from Peers as a factor influencing their choice. Online

communities and forums like Stack Overflow and GitHub played a crucial role in problem-

solving, providing access to tutorials, extensions and plugins, peer learning, and recommen-

dations. These findings reinforce that across both students and professionals, collaboration,

peer input, and active community participation significantly influence the learning journey.

Access to a knowledgeable community not only improves the quality of learning but also

provides ongoing support for solving technical challenges.



The results of this study provide valuable insights into the learning behaviors, preferences,

and challenges faced by full-stack developers. By examining the survey data collected from

both professionals and students, we can better understand the factors influencing the adop-

tion of essential tools, the time investment required for learning, and the effectiveness of

various learning resources. This discussion will interpret the findings in relation to the re-

search questions, highlight the contributions to the field of software engineering education,

and explore the implications for curriculum development. Furthermore, it will describe the

design and development of LearnMate, a web-based application created to address the gaps

identified through the research and to support more effective and personalized learning ex-

periences for both students and professionals.

The survey results identified several essential tools commonly used by both professionals

and students in full-stack development. Among professionals, React, Node.js, Flask, Django,

AWS services, PostgreSQL, and MySQL were the most frequently used tools. These tools

are popular due to their functionality, performance, and widespread industry adoption. For

30
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example, React is favored for its flexibility and efficiency in building dynamic user interfaces,

while Node.js is valued for its ability to handle asynchronous operations and high scalability.

AWS services are indispensable for their robust cloud infrastructure and diverse service

offerings, which are crucial for deploying and managing applications.

Students reported frequent use of VS Code, React, Django, Spring Boot, MySQL, MongoDB,

and Node.js. VS Code is particularly popular among students for its lightweight, yet powerful

features, and extensive extensions that support a variety of programming languages and

frameworks. Django and Spring Boot are appreciated for their comprehensive documentation

and ease of use in setting up backend services.

The choice of these tools is influenced by a combination of factors including functionality,

ease of use, integration and compatibility with existing systems, reliability, support, and

cost. For instance, the integration capabilities of a tool determine how well it can work with

other tools and systems within a developer’s workflow. Ease of use and a low learning curve

are crucial for quick adoption, especially in fast-paced development environments.

Additionally, peer recommendations, industry trends, and specific project requirements sig-

nificantly influenced developers’ decisions on which tools to learn. Peer recommendations

often provide practical insights and proven efficacy of tools in real-world scenarios. Indus-

try trends guide developers towards tools that are in demand, ensuring their skills remain

relevant. Specific project requirements dictate the need for particular tools that best fit the

project’s technical needs and constraints. These findings align with previous research by

Murphy-Hill et al. (2015) [5], which highlights the importance of social dynamics and peer

interactions in the discovery and adoption of new tools.
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The analysis of survey responses reveals that students and professionals invest a comparable

amount of time each week in learning new software tools. While there are slight differences

in how their time is distributed across time categories, the overall pattern shows that both

groups most commonly dedicate between one to five hours per week to learning. A two-

sample t-test confirmed that the difference in average time investment between students and

professionals is not statistically significant (t(106)=−1.03,p=0.303), indicating that both

groups, despite differences in context and motivation, tend to allocate similar amounts of

time toward upskilling.

For students, learning time is often driven by academic structures. Course assignments,

lab work, and project deadlines frequently require the adoption of new tools, motivating

students to allocate time within their weekly academic schedules to acquire these skills.

Additionally, the university environment may provide access to peer support, guided re-

sources, and instructor-led learning, all of which can influence how students organize and

spend their learning time. However, some students also indicated the need to explore tools

independently, especially when academic instruction lacked coverage of industry-relevant

technologies, thereby increasing their self-directed learning time outside the classroom.

Professionals, on the other hand, often engage in continuous learning as a means of staying

current with evolving industry standards. While some learning may be formally integrated

into job roles especially in organizations that support ongoing training or experimentation

with new technologies much of the learning happens independently. Professionals frequently

rely on self-paced resources, online tutorials, documentation, and peer communities to learn

during personal or downtime. Unlike students, whose learning is often assignment driven,

professionals may tailor their learning goals based on job demands, project needs, or career
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development objectives.

Several key factors influence the amount of time both groups dedicate to learning. These

include the complexity of the tool or technology, the quality and accessibility of learning

resources, and the degree of urgency or relevance to their current goals. For instance, tools

with steep learning curves or poor documentation may require a greater time investment,

whereas highly rated tutorials or community-driven platforms can accelerate the learning

process. Personal factors such as motivation, learning style, and time management skills

also play a critical role.

These findings reinforce the idea that although students and professionals operate in distinct

environments—academic versus workplace—their time investment in learning is shaped by

a mix of institutional, personal, and contextual factors. The shared challenge of keeping up

with rapidly evolving technologies underscores the need for time-efficient, flexible, and high-

quality learning resources that can adapt to a range of learning styles and time constraints.

Educational institutions and training providers can better support both groups by offering

modular, self-paced learning paths, structured resource recommendations, and opportunities

for peer interaction and mentorship.

Both professionals and students reported a strong preference for online tutorials and video

courses as their primary learning resources. These resources are considered highly effective

due to their accessibility, structured content, and practical, hands-on approach. However,

students particularly valued the step-by-step guidance and visual demonstrations that sup-

port foundational understanding, while professionals emphasized the flexibility to skip to

relevant sections and apply concepts directly to real-world tasks. Online tutorials and video
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courses allow learners to progress at their own pace, revisit complex sections, and directly

apply what they learn through interactive coding exercises and projects.

Other valuable resources include documentation, blogs, articles, and community forums like

Stack Overflow and GitHub. Official documentation provides authoritative information and

comprehensive coverage of a tool’s features. Blogs and articles often offer insights, tips, and

best practices from experienced developers. Community forums facilitate problem-solving

through peer support and shared knowledge.

The main challenges faced by developers when learning new tools include the complexity of

technologies, lack of clear documentation, time constraints, and limited access to high-quality

learning resources. Complex technologies with steep learning curves can be daunting and

require significant effort to understand and use effectively. Inadequate or poorly organized

documentation can hinder learning by leaving gaps in understanding or providing unclear

instructions.

Time constraints, whether due to work deadlines or academic schedules, limit the amount

of time developers can dedicate to learning new tools. Limited access to high-quality learn-

ing resources, such as up-to-date tutorials or expert guidance, can further impede learning

progress. To overcome these challenges, developers often rely on trial and error, hands-

on practice, peer support, and seeking help from mentors or online communities. These

strategies help bridge gaps in knowledge, provide practical experience, and offer support

and encouragement. These findings underscore the need for comprehensive, high-quality,

and easily accessible learning resources tailored to the diverse needs of developers.
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The findings of this study contribute significantly to the field of software engineering edu-

cation by offering in-depth insights into the learning behaviors, preferences, and challenges

faced by full-stack developers. By identifying the most commonly used tools, such as React,

Node.js, Flask, Django, AWS services, PostgreSQL, MySQL, VS Code, Spring Boot, and

MongoDB, and understanding the factors influencing their adoption, this research provides

valuable data that can be used to develop targeted curricula and learning resources. These

tools are critical in the industry, and by ensuring that educational programs focus on these

technologies, institutions can better prepare students for the demands of the job market.

Furthermore, the study delves into the factors that influence developers’ choices regarding

which tools to learn. These factors include functionality, ease of use, integration capabili-

ties, reliability, support, cost, peer recommendations, industry trends, and project-specific

requirements. By understanding these factors, curriculum developers can design educational

programs that not only cover the technical aspects of these tools but also address the practi-

cal considerations that are important to developers. For example, incorporating case studies,

real-world examples, and project-based learning can make the educational content more rel-

evant and engaging, thereby enhancing the learning experience.

The research also highlights the importance of understanding the learning behaviors and

preferences of full-stack developers. By analyzing how much time developers invest in learn-

ing new tools and the types of resources they find most effective, the study provides insights

that can help optimize educational programs. For instance, professionals typically spend 1-3

hours per week on learning new tools, while students may invest more consistent hours. Edu-

cational programs can be tailored to accommodate these differences, offering flexible learning

paths that cater to the time constraints of professionals and more intensive modules for stu-



36

dents. In addition to technical skills, the study underscores the significance of social learning

and peer support in the learning process. Social dynamics and peer interactions play a crucial

role in how developers discover and adopt new tools. Educational programs that incorporate

collaborative and community-based learning opportunities can leverage these social aspects

to enhance learning outcomes. Group projects, peer reviews, and online forums can facilitate

knowledge sharing and provide a support network for learners, making the learning process

more interactive and supportive.

The study also addresses the challenges that developers face when learning new tools, such

as the complexity of technologies, lack of clear documentation, time constraints, and lim-

ited access to high-quality resources. By identifying these challenges, the research provides a

foundation for developing targeted interventions that can help learners overcome these obsta-

cles. For instance, creating detailed, user-friendly documentation, offering time management

strategies, and providing access to expert mentors can significantly improve the learning

experience. Moreover, the insights gained from this study have broader implications for con-

tinuous professional development in the software engineering field. As technology evolves

rapidly, there is a need for lifelong learning to keep up with new tools and practices. Training

programs that emphasize self-directed learning, provide access to the latest resources, and

encourage continuous skill development can help professionals maintain their competencies

and advance their careers.
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The findings from this study have significant implications for curriculum development and

the broader field of software engineering education. By identifying the most common tools

and understanding the factors influencing their adoption, educational institutions can design

curricula more aligned with industry demands. This alignment ensures that graduates are

better prepared to enter the workforce and meet the expectations of employers.

Survey responses strongly supported the need for curricular changes. Out of 71 partici-

pants, 47 respondents (66.2%) expressed that the current curriculum needs to be updated

to better reflect industry trends and tool usage. Eleven participants (15.5%) reported neu-

tral opinions, suggesting that while they did not see immediate issues, improvements could

still be beneficial. The remaining participants felt that the existing curriculum was effec-

tive, often emphasizing that components like capstone projects provided valuable real-world

preparation. These responses highlight a clear majority sentiment that greater alignment

with evolving industry practices is necessary to enhance graduate readiness.

As one participant P49 remarked:

This quote highlights the gap between academic curricula and industry requirements, em-

phasizing the need for more relevant and up-to-date instruction. It reflects the burden placed

on students to independently learn critical tools outside their coursework.
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One of the key takeaways from this study is the importance of practical, hands-on learning

experiences. The preference for online tutorials, video courses, and interactive coding exer-

cises among both professionals and students underscores the need for curricula that prioritize

practical application over theoretical instruction. Incorporating ,

where students can work on real-world projects using industry-standard tools, can enhance

their understanding and proficiency [20].

Student participants offered practical advice for others starting projects or internships, with

participant S35 stating:

This advice reinforces the need for educational programs to offer structured, manageable

learning paths supported by accessible resources and opportunities for peer collaboration. In

light of these findings and the previously discussed gaps, addressing curriculum shortcomings

through targeted updates can better equip students with industry-relevant skills and reduce

their reliance on supplementary self-learning.

Specific recommendations include integrating courses focused on widely used frameworks

and technologies such as React.js, Node.js, Docker, and Kubernetes; offering

opportunities where students build applications using modern development tools;

and embedding design principles and software architecture fundamentals into core course-

work. Additionally, updating capstone projects to reflect real-world team collaboration prac-

tices and providing electives on cloud platforms like AWS or Azure can further align academic

preparation with current industry demands.

Furthermore, as another participant P57 noted:
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This quote emphasizes the gap between academic instruction and industry requirements,

highlighting the need for better integration of core design principles into the curriculum.

Addressing these gaps will ensure that graduates can contribute meaningfully to professional

projects from the start, reducing the impact of poor design decisions.

Moreover, the study highlights the role of

in the adoption of new tools. Educational programs can leverage this by fostering a col-

laborative learning environment. Group projects, peer reviews, and participation in online

communities can facilitate knowledge sharing and provide a support network for students

[4, 11]. Such collaborative approaches not only enhance learning outcomes but also mirror

the collaborative nature of the software development industry.

The identified challenges, such as the complexity of technologies and insufficient documenta-

tion, point to the need for curricula that include

. Providing detailed documentation, step-by-step guides, and access to expert

mentors can help students navigate complex technologies and reduce the learning curve.

Additionally, offering workshops and seminars on time management and effective learning

strategies can help students balance their academic responsibilities with the need to learn

new tools.

The findings also suggest the need for that can accommo-

date different learning styles and schedules, particularly within academic programs. Specif-

ically, curriculum improvements should include:
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• that allow students to focus on specific technologies or

topics (e.g., front-end development, cloud computing, DevOps) aligned with their ca-

reer interests.

• throughout the curriculum to

promote continuous hands-on learning, rather than concentrating practical experiences

solely at the capstone stage.

• , such as video tutorials, interactive cod-

ing exercises, and technical documentation, to support diverse learning preferences and

enhance engagement.

• so that students can specialize in industry-

relevant technologies (e.g., electives on React.js, Kubernetes, cloud deployment), tai-

loring their education to specific career paths.

• , encouraging stu-

dents to apply industry-standard tools and workflows consistently throughout their

academic journey.

In addition, curriculum developers should establish to monitor

emerging industry trends and update course content accordingly. Maintaining alignment

with current technologies, frameworks, and practices ensures that students graduate with

skills that are both relevant and competitive in the evolving job market.

These improvements collectively aim to build practical, industry-aligned competencies through-

out students’ educational experiences, better preparing them for professional success upon

graduation.
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In conclusion, by integrating these insights into curriculum development, educational institu-

tions can create more effective and relevant programs that prepare students for the dynamic

field of software engineering. This approach not only enhances the employability of grad-

uates but also contributes to the continuous professional development of current industry

professionals.

Building upon the insights gathered through this study, the application was

developed as a web-based tool designed to bridge the gap between software engineering

education and real-world industry requirements. The design of was directly

shaped by the patterns identified through survey responses, especially regarding learning

preferences, tool adoption challenges, and the effectiveness of various educational resources.

Key features include:

• : Users can select their experience level and time

commitment (e.g., 1 week, 1 month, 3 months), and LearnMate generates a tailored

roadmap with recommended tools and frameworks.

• : The platform provides interactive task lists

and visual progress trackers to help users stay on track and accountable.

• : For every tool or concept, LearnMate suggests mini-

projects that reinforce hands-on learning and real-world application.

• : Based on community feedback and ongoing review,

only high-quality tutorials, documentation, and videos are recommended to users.
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• : An intelligent assistant embedded within the plat-

form, LearnMate AI helps users clarify doubts, suggests relevant resources in real time,

and assists with basic code debugging based on user queries.

offers curated and customizable learning paths for full-stack development, help-

ing users—both students and professionals—navigate their learning journeys more efficiently.

It emphasizes structured progression and resource quality while adapting to individual goals,

and timelines.

Figure 5.1: Homepage of the LearnMate application.

Upon clicking the option on the homepage, users are directed to a topic-based learning

interface.
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Figure 5.2: Topic selection screen after choosing ”Learn”.

Users can choose a development area such as Frontend, Backend, Full Stack etc. This allows

them to dive directly into learning a specific toolset or domain based on their goals.

Figure 5.3: Learning interface for Frontend development.

Each topic (e.g., HTML, CSS, JavaScript) provides hand-picked links to high-quality docu-

mentation and top-rated video tutorials available online (Free resources). After completing

each section, learners are presented with a related mini project to apply their knowledge and
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reinforce hands-on learning.

By clicking on the option on the homepage, users can generate a learning plan

tailored to their timeline and goals.

Figure 5.4: Schedule Your Learning Path - initial screen.

The scheduling interface prompts users to choose a time period (e.g., 1 week, 1 month, 3

months) and a learning focus area such as Frontend, Backend,Data Science etc.
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Figure 5.5: Dropdown for selecting a time period.

Figure 5.6: Dropdown for selecting a learning path.

Once both filters are selected, LearnMate dynamically generates a curated set of video and

documentation-based resources with an estimated duration for each. Users can track their

progress directly on the page.
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