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Introduction

The FIRST LEGO League (FLL) Challenge is one of the world’s largest pre-college
educational robotics competitions, involving over 225 300 students (aged 9-16) from 92
countries [1]. Educational robotics competitions are typically designed to support students’
development of 21% Century skills through their application of real-world engineering
practices to collaboratively design solutions to real-world problems, such as transportation
logistics, space exploration, and urban design [2], [3]. FLL Challenge participation has
significant, positive short-term impacts on students’ development of 21% Century problem-
solving, collaboration, and communication skills, which are highly valued in professional
engineering disciplines and communities of practice [3], [4], [5]. There is compelling
evidence that FLL Challenge participation influences students’ future engagement in
engineering and computer science college education and careers; however, there is a gap in
the literature regarding effective pedagogical strategies to support students’ knowledge
construction and skill development during the competition learning experience [3], [4].

Research conducted in pre-college classroom learning environments suggests that educators’
design and implementation of scaffolded engineering notebooks as epistemic learning
artifacts may support students’ knowledge construction and collaborative engagement in
engineering design and STEM project-based learning [6], [7], [8]. Engineering notebooks are
used in real-world engineering contexts, and their educational implementation is grounded in
social-constructivist and constructionist learning theories [9], [10], [11]. This work-in-
progress paper presents the preliminary findings of an ongoing qualitative multiple case-
study project undertaken in Perth, Western Australia aimed at developing a coaching resource
and engineering notebook template for new FLL Challenge robotics teams.

Literature Review

Engineering professionals draw upon disciplinary-specific or epistemic ways of knowing,
designing, decision-making, collaboration, and communication within their social and
cultural context [5]. These are reflected in their use of specific tools and approaches while
problem-solving, modelling, prototyping, evaluating, and sharing design solutions [5], [12],
[13]. Many engineers use notebooks or design journals to document their knowledge
construction and reflections as they engage in the engineering design process and
communicate with various audiences [9], [13], [14]. Engineers learn how to use these
notebooks through a process of apprenticeship within their professional community of
practice and practical experience [5], [9], [12], [13], [15]. As such, the notebook can be
considered an epistemic tool or artifact which both shapes and is shaped by the knowledge,
design activities, and discourse of its users within their context [5], [7], [13], [15], [16].

The design and pedagogical implementation of engineering notebooks in pre-college
educational environments is the subject of ongoing research. There are two types of
engineering notebooks commonly used in educational contexts [14]. The first, the process
notebook, is a “living document” used by individuals and/or teams to document or record
their thinking, notes, decision-making, prototyping, and testing during the engineering design
process [14, p. 2], [17]. This is very similar to the use of process notebooks in professional



engineering contexts [14]. The second type, the product notebook, is a formal, curated record
of the problem, prototypes, and final design solution [9], [14]. Developed through a process
of discussion, synthesis, and reflection, product notebooks are used to support the design
team’s communication with external audiences, often for summative assessment [14], [16],
[17]. In real-world contexts, companies create product engineering notebooks for marketing
and intellectual property purposes [14].

A key difference between industry and educational engineering notebooks is the degree of
structure provided to guide their users’ understanding of what information to include. While
industry notebooks are typically blank, research suggests that the integration of age-
appropriate prompt questions and graphic organiser scaffolds in educational engineering
notebooks helps teachers structure their lessons and supports students’ learning and
development of epistemic engineering practices [8], [13], [18], [19]. Impacts on students’
learning outcomes are highly dependent on teachers establishing explicit expectations for
notebook use through their teaching, learning, and assessment routines; however, they need to
carefully balance and adjust their scaffolding over time to promote team autonomy [6], [13],
[18], [19]. While it is important to embed notebook use into team communication and
collaboration routines, relying on verbally prompting students’ discussions around notebook
scaffolds does not necessarily result in effective written documentation and reflection,
especially during hands-on, time-intensive engineering design activities [13], [19], [20], [21].
The use of process notebooks for formative assessment and facilitating teams’ reflective
development of product notebooks to prepare for oral presentation summative assessments,
may promote more effective documentation practices [7], [22]. Finally, the design and
development of digital or app-based engineering notebook tools for educational use are the
subject of ongoing research [7], [23].

Purpose of Paper

To date, there has been limited exploration of the design and implementation of engineering
notebooks in informal pre-college learning environments [24], [25], and their use in
educational robotics competitions is not well understood. This work-in-progress paper reports
on the preliminary findings of an ongoing study examining the design and pedagogical
integration of engineering notebooks in the context of the FLL Challenge. An anticipated
outcome of the study will be the publication of teaching and learning resources to support
new FLL Challenge teams, and it is expected that these resources could be adapted to support
students’ engagement in educational robotics activities in formal classroom environments.

Research Question

How do coaches design and use engineering notebooks to support their students’ engagement
and learning in the FLL Challenge robotics competition?

Methodology

This study adopted an interpretivist multiple case-study methodology, and explored the lived
experience of FLL Challenge coaches and students using engineering notebooks during the
2021, 2022, and 2023 competition seasons [26], [27]. It was conducted in two phases, and
involved a total of 8 teams, 8 coaches, and 53 students across 6 case-study sites in Perth,
Western Australia. The case studies are based on extensive data collection from multiple
sources, including pre- and post-season semi-structured interviews with coaches and student



teams, naturalistic semi-structured observations, and engineering notebook work samples
[27], [28]. The first author used NVivo software to conduct qualitative thematic content
analysis, systematically creating descriptive codes to analyse data across multiple sources and
cases, before organising these codes into categories and descriptive themes (findings) [29],
[30]. These themes were triangulated and extensively discussed and refined over time by all
authors [31]. They remain work-in-progress as the full cross-case analysis (including the
Phase 2 case-studies) and member-checks have not yet been formally completed [28], [32].

This paper specifically focuses on the findings of one of three Phase 1 case studies examined
between August and early December 2021. This case was purposefully selected for this paper
due to its setting in a family home-school learning environment, and it being the only Phase 1
case to involve female students and students with special needs. The participants included
Claire and Eleanor (parents and coaches), and 7 of their combined 8 children (3 male, 4
female, aged 9-15), competing as the Logistics Crew during the 2021 FLL Challenge CARGO
CONNECT season. Both coaches, and four of the students, had one year’s prior competition
experience. The team included several neurodiverse members, including two gifted students
and one autistic student. The study was situated in a metropolitan family home, with students
working in the living room and around the robot game board set up in the backyard. The
participating coaches were invited to contribute to the development of a draft engineering
notebook resource created by the first author, which included scaffolded discussion prompt
questions, success criteria, and suggestions for what evidence to include for competition
judging. Following Phase 1 data analysis, this resource was heavily revised and trialled in
Phase 2 of the study, conducted during the 2022 and 2023 competition seasons.

Preliminary Findings

Coaches’ prior competition experience informed their instructional use of process and
product engineering notebooks in the FLL Challenge competition.

Claire and Eleanor described their first year coaching the FLL Challenge in their home-
school learning environment in 2020, a year prior to this study, as “the blind leading the
blind”. While they did not use engineering notebooks in their first competition season, the
coaches realised a need for team documentation after an incident where a student made
erroneous, undocumented changes to the robot programming without consulting with his
team members. Describing this incident as a “teachable moment”, the coaches encouraged the
students to keep printed screenshots and handwritten notes about their code and robot design
changes. These were loosely organised in shared plastic file folders, alongside notes and
drawings relating to the team’s innovation project and team logo designs. The coaches and
students didn’t realise the importance of this documentation until their judges asked to review
it after the students mentioned it in their official tournament judging interview.

As part of their participation in this study during the 2021-22 CARGO CONNECT season, the
coaches took inspiration from “the idea and the concept” of an engineering notebook, and
supported their students’ use of unstructured, individual (process) notebooks to document
team activities, learning, and reflections. They chose not to use the official FIRST
Engineering Notebook [33] or the draft engineering notebook resource provided by the first
author, as they believed these didn’t suit their neurodiverse children’s learning needs. During
team meetings, students were routinely observed handwriting or drawing meeting notes in
physical exercise books with lined pages, although some team members used laptops or
tablets. The coaches explained that the use of digital tools was influenced by students’



preferences, special needs (e.g., hypermobility), and their familiarity with typing and word-
processing programs. Claire often scribed key ideas and modelled correct spelling for
notetaking of team discussions on a small whiteboard, supporting the younger and reluctant
writers. Both coaches monitored and formatively assessed students’ notebooks, and several
weeks into the season, they began to explicitly allocate time within team meetings for the
students to write/draw their research notes and to record their assigned homework tasks. This
typically occurred halfway through team meetings following coach-facilitated innovation
project activities, and before the team moved onto more independent, student-directed robot
design and programming activities in the backyard.

Claire and Eleanor were routinely observed asking guided questions to encourage students’
articulation and reflection of what evidence should be included in their notebooks. These
questions were informed by the coaches’ understanding of the tournament judging process,
but they stressed that they wanted the children to make their own decisions about what to
include. This was reflected in how Claire facilitated the team’s curation of a product notebook
for tournament judging in the final weeks of the competition season. Following her
suggestion, each team member sat down with Kevin (a team leader and a strong writer) to
discuss what information was important to share with the judges. Kevin created a colourful
product notebook in Microsoft Word™, typing up his team members’ contributions based on
their verbal conversations and process notebook entries. He also included robot photos, code
screenshots, drawings, a robot game mission strategy planning spreadsheet, and team
members’ personal reflections on their perceived teamwork and communication skill
development during the competition season. Entries were dated and colour coded to illustrate
individual contributions to the product notebook. Claire later reported that the tournament
judges were very impressed with the team’s documentation.

Coaches’ understanding of instructional scaffolding informed the structure, format, and
design of their engineering notebook.

The home-school coaches’ use of individual unstructured notebooks and extensive use of
verbal scaffolding or questioning reflected the instructional and assessment strategies they
routinely used in their home-school learning environments. Reflecting on their
implementation of engineering notebooks at the end of the 2021 FLL Challenge season,
Claire found that the notebooks had been “a very good tool for recording and diarising” team
activities, especially for documenting their development of an RFID parcel tracking and
delivery innovation project solution to address the real-world problem of parcel theft,
aligning with the competition’s cargo transportation theme. Claire was especially pleased to
see that the engineering notebooks had elicited meaningful contributions from every student,
including a particular student with social challenges who often withdrew into herself and
refused to talk or engage with her team members. Claire noted that it had been challenging to
support students’ use of the notebooks as “a tool for engineering”, particularly for recording
their robot design and programming changes over time. She found that providing “a blank
page” had created some confusion about what to include in the notebook, and that verbally
prompting students to document technical changes had not been especially effective.

Reflecting on their 2021 season experience, both coaches recommended the integration of
written and visual graphic organiser scaffolds in the design of an engineering notebook
template for new FLL Challenge teams. Claire proposed a paper-based design inspired by a
“botany book”, incorporating blank pages for drawing or sketching robot designs, and lined
sections for the students to respond to written reflection prompt questions at the end of team



meetings, such as “What do you need to look at next? What did you do today? ... What is it
that worked? What didn't work? What do you need to do for next time?”” Eleanor gave very
similar suggestions, emphasising the need to offer students the choice of paper-based or
digital notebook scaffolds to support the inclusion of children with special needs. She
recommended including a scaffold for recording and tracking the completion of team tasks
and suggested organising the notebook into sections for the innovation project, robot design,
and core values (teamwork), aligning with the official FLL Challenge judging process.

Discussion

The findings of this case-study are similar to those of engineering design and STEM
education case-studies in formal classroom learning environments. During the 2021 FLL
Challenge competition season, the home-school coaches employed both process and product
notebooks to support students’ learning, collaboration, and individual documentation of their
team activities and engineering design processes [14], [19]. The notebook became an artefact
documenting students’ engagement, problem solving, and collaboration during the
competition, and it was used to support the team’s communication with their tournament
judges [7], [16], [20]. The coaches employed verbal guided questioning, and provided time
during team meetings for students to document their team-building tasks and innovation
project processes [13], [19]. While coaches routinely verbally prompted students to document
their robot design, building, and programming processes and changes, these hands-on, time-
intensive activities were poorly documented [19], [20]. In their post-season reflections, the
coaches identified the integration of visual or written scaffolds, and the explicit allocation of
time for written reflection at the end of team meetings, as potential strategies to support
students’ more effective use of engineering notebooks in the informal robotics competition
learning environment [8], [13], [20], [21]. Coaches’ perceptions of the purpose and utility of
the engineering notebook, particularly the product notebook, were informed by their prior
coaching experience and observations of tournament judging [7], [14].

Conclusion

The design and implementation of engineering notebooks to support pre-college students’
learning and development of collaboration, communication, and documentation skills within
the informal FLL Challenge robotics competition learning environment is a complex and
challenging undertaking. While the design, format, and structure of the engineering notebook
are important, so too are the instructional strategies coaches and teachers employ to support
their students’ collaboration and communication using engineering notebooks within their
particular social, cultural, and educational context.

Limitations

By their nature, case-studies are context specific, and this work-in-progress paper explores
how the thematic findings from three Phase 1 case-studies are reflected in a single home-
school context. The next step will be the completion of a full cross-case analysis of all six
case-studies which include primary (elementary) and secondary education contexts.
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