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Digital Engineering Notebooks for Supporting Engineering Discourse in Pre-College 

Engineering Education (Evaluation) 

 

Introduction  

 

Engineering notebooks play a critical role in pre-college engineering education by supporting the 

documentation and reflection of problem-solving and design thinking while also serving as tools 

for assessment. Although such notebooks have traditionally been paper-based, professional 

engineering practice increasingly relies on digital documentation, highlighting a need for 

classroom-aligned digital alternatives. Structured digital engineering notebooks have the 

potential to support pre-college engineering discourse and reflective practice while promoting 

aligning educational experiences with contemporary engineering workflows. 

 

This study examines student perspectives on an open-access digital engineering notebook and its 

potential to enhance design documentation and engineering discourse in pre-college contexts. 

While paper-based notebooks continue to support creativity and free-form ideation, their 

limitations in digitally mediated learning environments suggest a need for expanded 

documentation modalities. Preparing students for technology- and engineering-related careers 

requires providing authentic learning experiences that reflect professional practices, including 

digital documentation and communication. In response, a team of technology and engineering 

educators developed and implemented an open-access digital engineering notebook adaptable 

across projects and curricular contexts using readily available tools. Central to this work is the 

inclusion of student feedback, which informs both the refinement of the resource and its 

dissemination to pre-college engineering educators seeking to utilize digital notebook practices. 

Literature Review  

 

Throughout history, innovators such as Leonardo da Vinci, Marie Curie, and Thomas Edison 

have used notebooks to document experimentation and design thinking, underscoring the 

enduring role of systematic record keeping and reflection in technological innovation [1], [2]. In 

educational settings, notebooks have similarly served as tools for organization, reflection, and 

assessment for centuries, with documented use dating back to instructional practices of the Age 

of Enlightenment in the late seventeenth century and continuing as common learning artifacts 

today [1]. Beyond pre-college engineering education, undergraduate seniors in engineering are 

commonly expected to conduct a showcase project documenting a capstone problem-solving 

design project to display their applied cumulative knowledge for graduation [3]. 

 

Within pre-college engineering education, engineering notebooks function as records of 

problem-solving design, avenues of reflection, foundations of critical thinking, tools of 

creativity, and overall, as vehicles for engineering discourse [4], [5]. Engineering discourse 

encompasses the language, symbols, tools, and practices engineers use to communicate ideas, 



justify design decisions, and collaborate with others through written, visual, and verbal forms of 

communication [2], [4], [5], [6]. Engaging students in these discourse practices supports the 

development of technological and engineering literacy by strengthening communication, 

reflection, reasoning, and decision-making skills aligned with professional engineering practice 

[4], [6]. Prior research has shown that such discourse development is well-supported through 

collaborative design-based learning experiences that require students to document through 

multiple modalities and reflect on their thinking [4], [5]. 

 

Engineering notebooks also play a critical role in supporting reflective documentation, enabling 

students to monitor their learning, make sense of design iterations, and engage deeply with 

problem-solving processes [4], [5], [6], [7]. Purposefully structured documentation has been 

shown to encourage reflection and strengthen student learning outcomes related to creativity, 

collaboration, communication, and problem-solving, as emphasized in the Standards for 

Technological and Engineering Literacy (STEL) [6], [7]. Despite these benefits, educators and 

students often face challenges when implementing notebook practices in pre-college settings, 

including barriers to access to resources, self-efficacy when using new resources, and access to 

support for using tools in the classroom [2], [4], [7].  

 

Previous research on the input of teachers and students in engineering notebooks presents 

information related to how students appreciate the utility of notebooks in the design process. 

Specifically, students in an underserved area reflected positively on notebooks providing the 

“utility in allowing them to record their thought processes and as a tool for brainstorming and 

reflection” [8]. Teachers in the same study state direct appreciation of engineering notebooks for 

their ability to facilitate formative and summative assessments of their students [8]. Gaining 

students’ perspectives is essential, as such insights can inform practices that support the success 

of future students pursuing engineering degrees. As noted by Mettler, the documentation process 

in senior engineering design projects contributes to student success by serving as a critical form 

of professional communication and by demonstrating soft skills that are highly valued by 

employers in engineering and related fields [3]. 

 

As professional engineering practice increasingly relies on digital tools for modeling, analysis, 

and collaboration, engineering education environments are encouraged to provide comparable 

documentation experiences [4]. However, a number of pre-college engineering classrooms 

continue to depend on paper-based notebooks, even as students regularly engage with digital 

design tools [9]. While some digital notebook approaches exist, few open-access, accessible 

templates are designed specifically to support engineering discourse and reflective 

documentation in pre-college contexts.  

 

 

 



Method 

 

This qualitative evaluation examines student use of an open-access, structured digital 

engineering notebook within a convenience sample of eight university undergraduate students 

enrolled in a technology, engineering, and design education course at a public land-grant 

university in the southeastern United States. Data was analyzed using qualitative methods guided 

by pre-established thematic categories to support systematic interpretation of student interactions 

and artifacts. Course content emphasizes learning to teach others about the associated standards, 

practices, and contexts of technological and engineering literacy and heavily involves the 

integration of technology through an applied engineering design process. The study investigates 

student use of an open-access structured digital notebook within a common pre-college 

engineering project, with attention to both documented examples and student perspectives on the 

tool. For this study, students who only used the structured digital notebook format were 

evaluated. Eleven of the 15 enrolled students submitted survey responses, and of those 12 

submissions, eight were from students who utilized the structured notebook template. 

 

The open-access structured digital engineering notebook template is informed by the structure 

and pedagogical intent of the VEX Robotics engineering notebook framework [10]. The template 

is designed to promote active student engagement with key phases of the Engineering Design 

Process, including problem definition, ideation, solution planning, prototyping and modeling, 

testing, data analysis, and iterative feedback. The use of multiple slide layouts supports 

structured yet flexible documentation, enabling students to represent their design thinking 

through written, visual, and interactive elements. Although the template includes predefined text 

fields and interactive components to scaffold student responses, all elements remain editable and 

unlocked, allowing instructors or students to adapt the notebook to specific instructional contexts 

or engineering challenges. 

 

Data was collected through de-identified student submissions of engineering notebooks as well 

as student feedback intended to capture perceptions of challenges, successes, key resources, and 

engineering discourse associated with the notebook experience. The following research questions 

guide this study as the research team evaluates open-access resources intended to enhance pre-

college engineering classroom practices and tools: 

 

Research Questions 

● What are the reported experiences of students using an open-access structured digital 

engineering notebook to document their engineering design process? 

● How is engineering discourse represented in students’ digital engineering notebook 

documentation produced during a hands-on engineering design project? 

 

 



Data Collection 

Prior to the design challenge, students received instruction on the steps of the engineering design 

process and on documenting each step using either a physical or digital notebook format. 

Instruction addressed defining the problem, generating and selecting solutions, planning, 

constructing and testing a model, using feedback to make improvements, and communicating the 

final solution. Following this instruction, students completed a hands-on project in which they 

were required to document their engineering design process using a notebook format of their 

choice while researching, modeling, and testing truss designs. Both physical and digital 

notebooks require identical content and design elements to ensure consistency across 

documentation approaches. Although students in previous course offerings were required to use 

physical notebooks, the introduction of a digital option through this study allowed participants to 

select their preferred documentation format. After completing the hands-on truss project, 

students were invited to provide feedback on their notebook use by responding to an optional 

survey described in Table 1 below.  

 

Table 1. Survey Questions for Student Input on Engineering Notebook 

What challenges do you face when using the notebook during the engineering design process? 

(Please specify during which step, if applicable.) 

Which step of the process is easiest for you to document in your notebook? Which is most 

difficult? Why? 

How do you use your notebook to record the different stages of the engineering design process 

(e.g., brainstorming, prototyping, testing, redesign)? 

Share an example of how your notebook helped you solve a problem or refine an idea. Be 

specific. 

How do you use your notebook to explain or communicate your ideas to others (peers, 

teachers, managers, etc…)? 

How often did you look back at your previous entries, and what do you learn from doing so? 

In what ways does the notebook help you collaborate with others or share responsibility in 

team projects? 

How has the notebook influenced your ability to stay organized, manage time, or self-direct 

your learning? 

How do you think the skills you practice through notebook use (like documenting, organizing, 

or reflecting) might help you outside of engineering projects—in school or in your future 

career? 

Share a time when you felt proud of your notebook entry. What made it meaningful? 

 



Data Analysis 

The eight responses were subsequently analyzed using qualitative methods and deductive coding 

based on supporting research to examine students' perspectives on the use of their structured 

digital engineering notebooks within a problem-based learning context. Transcripts of student 

responses were analyzed using Taquette, a free, open-source qualitative data analysis software, 

enabling the research team to code and identify evidence related to pre-established thematic 

categories. The pre-established thematic categories, described in Table 2, arrive from previous 

literature that seek to identify the challenges, successes, key resources, and evidence of 

engineering discourse when using an engineering notebook. 

 

Table 2. Definitions of Pre-Coded Themes for Qualitative Analysis of Student Responses 

Challenges 

Instances in which participants describe barriers, difficulties, limitations, or 

negative experiences directly associated with the use of the structured 

engineering notebook template. 

Successes 

Instances in which participants report positive outcomes, effective practices, or 

perceived benefits directly attributable to the use of the structured engineering 

notebook template. 

Key 

Resources 

References to tools, supports, or processes that facilitate or scaffold student 

engagement with and effective use of the structured engineering notebook 

template. 

Evidence of 

Engineering 

Discourse 

Occurrences of disciplinary communication practices, including the use of 

engineering-specific language, representations, symbols, tools, and conventions 

through which participants articulate ideas, justify design decisions, and engage 

in collaborative meaning-making via written, visual, or verbal modalities. 

 

After collecting student responses and analyzing those using digital notebooks, the 

instructor then collected student notebooks for analysis of engineering discourse to support 

student responses. The open-access structured digital engineering notebook used for this study 

can be accessed through the link and QR code provided in Table 3. 

Table 3. Open-Access Structured Digital Engineering Notebooks 

https://go.ncsu.edu/engineering_design_notebook  

 

https://go.ncsu.edu/engineering_design_notebook


 

Results 

 

The following sections synthesize student responses within each of the analytic themes. 

 

Challenges 

Student responses included 14 mentions related to challenges, which were heavily centered on 

difficulty providing regular updates and knowing what kind of information to insert into the 

notebook, even with the prompts. Student statements included challenges of “iterating through 

steps”, “update the notebook regularly”, “figuring out how to actually answer the questions”, 

“understanding how to explain the content that I'm putting in it”, and “deciding what information 

to include”. Additional challenges faced by students include time management and being sure to 

go into their notebook and insert information as identified by such statements as “time 

constraints”, “update the notebook regularly”, “managing time”, “refine it over time”, and that 

notebook work “ can be hard to maintain it while working on a project”. One student even stated 

that a challenge was seeing how practicing such documentation and reflection benefited them as 

individuals. Two student responses were that the notebook “feels like another responsibility” and 

requires “attention.” 

 

Successes 

Student responses strongly suggest that the digital engineering notebook supported not only 

procedural documentation but also engagement with engineering discourse, practice, and 

reflection. Students perceived the notebook as a meaningful tool for structuring design work, 

supporting collaboration, and developing transferable skills aligned with authentic engineering 

practice. Of the 43 success-related references, 15 responses indicated that the notebook 

supported engagement across multiple phases of the engineering design process, including 

problem identification, planning, brainstorming, modeling, testing, and reflection. Students 

reported that the notebook helped them refine early problem identification and planning, 

“showcase each step of the process,” and recognize missing details, enabling iterative refinement 

of their design ideas. Additionally, students highlighted the notebook’s effectiveness for 

documenting processes and communicating empirical evidence through multiple representations, 

including, but not limited to, hand-drawings, data tables, graphs, graphical models, photographs, 

and screenshots. These affordances supported clearer interpretation of results and reflection on 

design outcomes, including accountability for failures and evidence-based reasoning. 

 

Beyond design documentation, students described the digital notebook as a tool that supported 

organization, time management, and self-directed learning. Responses indicated that the 

structured format helped students keep information accessible, track progress, and use the 

notebook as a self-check for design processes. The digital format also facilitated communication 

with peers, teams, and non-technical audiences by enabling easy sharing of ideas, visuals, and 



explanations of engineering work. Students further emphasized the long-term value of reflective 

documentation skills, noting connections to professional engineering practices and future careers. 

Reflections on learning from mistakes, documenting tasks, and revisiting completed projects 

suggest that the notebook functioned as both a reflective learning artifact and a professional 

practice tool, reinforcing its role in supporting sustained engagement with engineering discourse. 

 

Key Resources 

As students reflected on their use of the notebooks, responses included references to tools, 

supports, or processes that supported their use of the structured engineering notebook template. 

The majority of the 13 key resources highlighted include seven references to using visuals to 

inform group members and viewers of the problem-solving process. Specific quotes include 

using “as many pictures as possible”, including “photos or links to videos of the actual test”, 

“pictures to showcase what is happening”, including “hand drawings”, and “pictures with 

captions”. Further key resources highlighted by students include being sure to “reflect on why 

issues occurred” and “be more detailed and in-depth” with content. Additional key resources 

mentioned by students include being sure to “break down each part” of the project or process, 

practice “organization”, the template itself, and clear section titles. 

 

 Engineering Discourse 

Student responses included 43 instances that indicate that the digital engineering notebook 

supported multimodal engineering discourse by integrating visual, textual, and quantitative 

representations to communicate engineering thinking. Students described using the structured 

notebook not only to document problem-solving activities but also to articulate reasoning, justify 

decisions, and reflect on design processes in ways consistent with professional engineering 

practice. Visual representations emerged as a primary mode of communication, with students 

referencing features such as a “graphical modeling section,” opportunities to “draw, mind map, 

and come up with the initial ideas,” and the ability for them to include “as many pictures as 

possible,” including “hand drawings.” These multimodal affordances supported students in 

conveying design intent, processes, and solutions more clearly than text alone. 

 

In addition to visual communication, students reported engaging in discipline-specific 

documentation and analytical practices through the notebook. Responses highlighted the 

inclusion of structured design elements such as “goals, materials, constraints, design matrix,” as 

well as clearly defined sections to “identify the problem,” support “planning,” and document 

“drafting” and decision-making processes. Students also emphasized the use of empirical 

evidence, noting that the notebook supported the inclusion of “data and test results” through 

“graphs and tables,” enabling them to justify design choices.  

 

Reflective and collaborative discourse was further evident in responses referencing “reflection,” 

“stream of thoughts,” and descriptions of documenting “how I imagined solutions and took 



action to do so.” Students also highlighted the notebook’s role in communication and 

collaboration, noting that it allowed them to “easily share and communicate my thoughts, ideas, 

and solutions to individuals or a team,” particularly when presenting processes “from start to 

finish.” Collectively, these findings suggest that the digital engineering notebook functioned as a 

shared artifact that supported reflective, evidence-based, and collaborative engineering discourse 

throughout the design process. 

 

Examples of Engineering Discourse 

Analysis of students’ engineering notebooks, summarized in Table 4, presents representations 

illustrating key aspects of engineering discourse. 

 

Table 4. Engineering Discourse Evidence from Student Engineering Notebooks 

Engineering Language and Terminology 

 

 

Symbolic and Mathematical Representations 

  

 

 

 

 



 

 

Visual Representations 

 
 

Justification of Design Decisions 

 
 

Use of Engineering Tools and Artifacts 

 
 



Reflective Communication 

  

Collaborative Communication 

 

 

 

Discussion 

Findings from this study reinforce prior research on the role of engineering notebooks as 

essential artifacts for documenting problem-solving processes, reflective practices, and as 

assessments for engineering discourse. This study extends prior research by providing student 

input on an open-access structured digital engineering notebook that teachers can use to facilitate 

engineering discourse in a pre-college engineering environment. Student responses indicate that 

the structured digital engineering notebook served not only as a record-keeping tool but also as a 

mechanism for supporting communication, reasoning, and iterative problem-solving, which 

previous research identifies as key engineering practices.  

 

The challenges identified by students, particularly those related to maintaining regular updates, 

determining appropriate levels of detail, and managing time, align with previously documented 

barriers to effective notebook implementation in pre-college engineering classrooms. Prior 



studies have noted that without explicit scaffolding and instructional support, students may 

struggle to internalize reflective documentation practices or perceive their long-term value [7]. It 

is also important to note that it is vital that teachers are also familiar with the notebook format to 

support students where questions may arise. Such evidence directs to the need to have 

professional development resources ready to support teachers who may choose to integrate an 

open-access structured digital engineering notebook. 

 

Some students in this study viewed the notebook as an added responsibility rather than an 

integrated component of the design process, suggesting that sustained modeling and alignment 

with instructional goals may be necessary to support student buy-in. This means that pre-college 

engineering educators integrating a digital notebook resource, and the developers of the 

notebook, must be clear on the advantages for students learning to utilize a structured notebook 

and also highlight how professional settings use similar tools.  

 

Despite these challenges, the predominance of success-related responses suggests that the 

structured digital format meaningfully supported engagement with engineering practices. 

Students reported improved organization, clearer progression through the engineering design 

process, and enhanced ability to document data, test results, and design iterations. These findings 

are consistent with prior research indicating that purposefully structured documentation can 

strengthen learning outcomes related to problem-solving, communication, and reflection [4, 5]. 

The ability to incorporate multimodal representations such as hand-drawings, photographs, 

screenshots, graphs, and tables is a key affordance of the digital notebook, addressing limitations 

commonly associated with paper-based formats [9]. 

 

Evidence of engineering discourse was strongly represented across student responses and work 

examples. Students demonstrated use of discipline-specific language, visual and symbolic 

representations, data-driven justification, and reflective explanation, all of which are hallmarks 

of authentic engineering communication [2, 6]. The notebook functioned as a space where 

students could externalize thinking through sketches, design matrices, and graphical models, 

while also supporting reflection on failures and decision-making processes. These practices align 

closely with the Standards for Technological and Engineering Literacy (STEL), which 

emphasize competencies of iterative design, evidence-based reasoning, and communication [6]. 

 

Furthermore, students’ descriptions of sharing notebooks with peers, teams, and non-technical 

audiences highlight the role of the digital notebook as a collaborative tool. Such a finding 

supports existing literature suggesting that engineering discourse is socially situated and 

strengthened through shared artifacts that mediate collaboration and explanation [4]. The digital 

notebook’s accessibility and ease of sharing appeared to support coordination among group 

members working at different paces, as well as communication beyond the classroom context. 

 



It was not without resources that students were able to practice applying such vital elements of 

engineering discourse. Students identified that to effectively communicate, they had to include a 

variety of graphics and images, ranging from brainstorming ideas to modeling concepts and 

visualizing data for feedback. These visuals function as a key resource in students practicing 

their engineering discourse and as an important resource for student reflection, which student 

responses highlight. Such statements show that not only do students have to actually input notes 

and responses, but they have to go back and review them for effective comprehension of their 

process. Such a key resource of reflection shows that novice users of engineering notebooks 

benefit from a structure that includes reflective questions. 

Together, the findings of this study suggest that an open-access structured digital engineering 

notebook can effectively support engineering discourse and reflective documentation in pre-

college engineering education. While implementation challenges remain, particularly related to 

self-efficacy of using the tool, time management, and instructional integration, results indicate 

that thoughtfully designed digital templates have potential to align pre-college engineering 

environment practices closely with professional engineering norms.  

  

Limitations and Future 

 

As this study provides positive insight into student perspectives on using an open-access 

structured engineering design notebook, there are existing limitations. This study utilizes a 

sample of undergraduate technology, engineering, and design education students that are just 

beyond the pre-college engineering education level. With this in mind, middle and high school 

students may possess different perspectives, experiences, and priorities than the undergraduate 

students used for this evaluation. An additional limitation is the need to be able to access the 

digital tools required for using the open-access structured engineering notebook, such as the need 

for a computer, internet, and software access. A final limitation that is identified in this paper is 

that both students and teachers will need familiarization and a level of self-efficacy in using tools 

related to digital engineering notebooks, which require time and access to resources.   

  

Future research should examine how instructional strategies, duration of use, and teacher support 

influence student perceptions and long-term adoption of engineering documentation practices. 

As teachers incorporate an open-access structured digital engineering notebook, it will benefit 

the pre-college engineering education community to gain teachers perspectives related to 

challenges, successes, key resources, and the incorporation of engineering discourse. 

 

Conclusion 

 

As technology within a pre-college engineering environment evolves, so do the resources 

available to educators. Engineering notebooks continue to play a pertinent role in the 

documentation and reflection practices of students and as an assessment tool for educators. 



While such notebooks have traditionally been paper-based, this study provides student-centered 

evidence of an open-access structured digital engineering notebook that teachers can use as an 

option in their pre-college engineering education environment to support the development of 

engineering discourse. While students identified challenges related to time management, 

maintaining regular updates, and determining appropriate levels of detail, these barriers are 

consistent with those documented in prior studies of notebook implementation. Such challenges 

underscore the importance of instructional scaffolding, teacher familiarity with the tool, and 

targeted professional development to support effective integration. 

 

Student input and examples of work support existing literature that structured digital notebooks 

can facilitate communication, reasoning, reflection, and iterative design practices aligned with 

developing a technological and engineering literacy. Student responses indicate that the digital 

notebook functioned not merely as a record-keeping tool but as an integrated mechanism for 

engaging in authentic engineering practices, including data-driven decision-making, multimodal 

representation, and reflective evaluation of design outcomes. Structured digital notebooks 

provide students with opportunities to practice authentic engineering discourse, collaborate 

effectively, and document iterative design work, cultivating the competencies necessary to 

contribute meaningfully to future engineering fields. 
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