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Abstract

Design thinking is critical in engineering and a fundamental for secondary
students in introductory technology and engineering courses. The goal of this
investigation was to measure impacts of a simple primer called Learning by
Evaluating on students' design process. Students in introductory high school
design courses were introduced to the primer as part of a treatment group. A
comparison group did not receive the primer. Design documentation was
collected in the form of students’ design journals which were evaluated using a
rubric. Results showed no significant differences in design journal scores
between the group that received the treatment and the group that did not. While
the primer did not result in measurable differences in design documentation, an
interesting discovery emerged during the analysis. Design documentation,
regardless of group, was not well aligned with standard practice. This discovery
may warrant further investigation into how design documentation, a key design
practice, is being implemented in classrooms and what kinds of support teachers
may need to implement design with fidelity.
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Introduction

The need for high-quality STEM education has been well-documented by
scholars and influential institutions, who argue it is essential for economic
prosperity and an informed citizenry in these technologically-rich times (Jang,
2016; National Research Council, 2011; National Science Board, 2023). At an
individual level, a strong STEM education foundation is essential for effective,
evidence-based engagement in public discourse on critical scientific and
technological issues (National Research Council, 2012). Beyond civic
engagement, a STEM education sets students up for individual economic
mobility and the nation for broader prosperity. According to the U.S. Bureau of
Labor Statistics, STEM occupations are projected to grow at nearly three times
the rate of other fields and offer higher median annual wages than that of non-
STEM workers (Watson, 2025). At a national level, a STEM-trained workforce
is crucial for maintaining a global edge in innovation (Jang, 2016), powering the
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economic engine of a nation. Given these stakes, early and effective K-12
education is critical because research shows that a majority of students who
pursue STEM careers make that decision during their secondary school years
(Maltese & Tai, 2011).

The pressing need to improve STEM education requires the investigation of
effective pedagogical strategies to better prepare students for an increasingly
complex technological world. Accordingly, educators have moved toward
teaching STEM education through a more cohesive, integrated approach that
situates learning in authentic, applied contexts (Kelley & Knowles, 2016).
Engineering design has emerged as a powerful catalyst for this integration,
providing a natural framework for building connections among the STEM
disciplines and earning a central place in national education standards (NGSS
Lead States, 2013; Standards for Technological and Engineering Literacy
(STEL) (ITEEA, 2020). However, the effective implementation of engineering
design in the classroom remains a significant challenge. A consistent finding in
the literature is that novice students struggle to engage in the design process as
experts do, often rushing linearly through tasks and holding fundamental
misconceptions about the nature of design (Crismond & Adams, 2012a; Mentzer
et al., 2015). These struggles relate to both cognitive hurdles, such as
underdeveloped problem-solving strategies (Crismond & Adams, 2012a), and
affective challenges, such as a lack of self-efficacy in the face of the uncertainty
inherent in design tasks (Cash & Kreye, 2018; Osmond & Tovey, 2015).

In response to the challenge of improving STEM education pedagogy by
better supporting students' engagement with engineering design, this study
investigates a pedagogical primer developed as part of a larger National Science
Foundation funded project. This primer, known as Learning by Evaluating
(LbE), engages students as judges of pairs of previous student work before
engaging in similar work themselves as part of their current project. This design
primer has potential to support novice designers to critically think about the
nuances of what constitutes a good example of design work, thus actively
engaging students in thinking about the nature of design as an intentional,
thoughtful process that begins with a well-defined problem. In reviewing peer
work, students may have a heightened sense of certainty that they too can be
successful, which is especially critical for novice designers in open-ended ill-
defined design tasks. With its foundation in cognitive apprenticeship and social
constructivism, LbE has shown success in fostering student recognition of good
design work and student design reasoning. Focusing specifically on secondary
education, the current study builds on prior LbE research at both the middle
school (Bartholomew, Strimel, et al., 2019) and university levels (Bartholomew
et al., 2018; Bartholomew, Zhang, et al., 2019; Buckley et al., 2022; Seery et al.,
2019; Seery & Canty, 2017).

The goal of this investigation was to empirically measure the effect of the
LbE intervention on student learning and achievement within high school
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engineering design classrooms. To that end, this study investigated the following
research question: To what extent does the Learning by Evaluating (LbE)
intervention impact student achievement in engineering design compared to
standard classroom practice? This paper will review the relevant literature,
present the research method and findings of this study, and discuss the
implications of the results for technology and engineering education.

Literature Review
The Role of Engineering Design in STEM Education

The engineering design process is a complex cognitive activity including
systematic and iterative activities to produce an output that satisfies
requirements set by a client (Dym et al., 2005). The engineering design process
stands as the central integrator of STEM education programs, with its
significance recognized in integrated STEM academic frameworks (Kelley &
Knowles, 2016), standards for technology and engineering (Standards for
Technological and Engineering Literacy (STEL), (ITEEA, 2020) and science
education (NGSS Lead States, 2013) in the United States. The NGSS
framework, a popular science education framework now adopted by 44 states
(Next Gen Science, n.d.), identified engineering design across all three of its
core dimensions, elevating engineering design as a fundamental element of
STEM education (Moore et al., 2015). The emphasis on engineering design is
reinforced by a pedagogical shift that moves from rote memorization of facts to
a more process-oriented and problem-based approach to learning (NGSS Lead
States, 2013). Beyond merely introducing students to subject knowledge, this
movement signified a commitment to fostering essential 21st-century
competencies, including systems thinking, creativity and collaboration because
they are inherently practiced within the engineering design process (Lucas &
Hanson, 2016; National Academy of Engineering & National Research Council,
2009). Thus, engaging in engineering design practices enables students to
navigate an increasingly complex technological world.

The engineering design community has theorized that there are many
classroom benefits attributed to engineering design, and particularly for the
potential of integrated STEM education to improve student engagement in the
pure sciences, increase overall learning and achievement, increase interest in the
engineering profession, and improve technology literacy (Hill, 2006; Gattie &
Wicklein, 2007; Feder et al., 2009). In the decades following the work of these
scholars, there has been significant literature that has followed up on these
claims (Sneider & Ravel, 2021) which has largely substantiated that the
integrated teaching methods are more effective than traditional, siloed
approaches. Sneider and Ravel (2021), in their systematic literature review,
found that engineering design methods show their effectiveness with students
self-reporting increased engagement in STEM education and better results in
standardized tests of science and mathematics. As students move through the
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iterative engineering design process, they build vital competencies for fostering
innovation in professional engineering practice, referred to as the engineering
habits of mind in the literature (Lucas & Hanson, 2016). These habits of mind
include skills like system thinking, creative problem solving, collaboration and
communication.

The Design Journal as a Tool for Authentic Assessment

Engineering design journals are used in engineering professional practice
where, according to Kelley (2011), meticulous documentation is paramount.
Due to the open-ended hands-on problem-solving emphasis of engineering
design pedagogical practice in K-12 technology and engineering education,
these journals are uniquely positioned instruments for authentic assessment in
the classroom. They allow educators to evaluate the design process itself, not
just the final outcome.

Much like professional engineers, students using design journals are tasked
with chronologically recording their work. This documentation provides a
comprehensive record of the design journey, encompassing background
research, initial sketches, critical decisions, prototype evaluations, personal
reflections, and iterative modifications (Kelley, 2011). To further mirror
authentic engineering practices, students are often encouraged to follow
professional conventions such as titling, signing, and dating each entry. The
journal, therefore, becomes a compendium that prioritizes and makes visible the
entire design process.

Building on this emulation of professional practice, scholars argue that
design journals offer several distinct benefits for K-12 students. They are
thought to foster metacognitive reflection, provide a rich source of data for
assessment by making student cognitive processes visible, and instil good
professional habits, such as refining communication skills and protecting
intellectual property (Asunda & Hill, 2007; Hill, 2006; Kelley, 2011).

Current Challenges in Engineering Design Thinking Practices

While integrating subjects through engineering design holds immense
promise for integrated STEM education, its classroom effectiveness may be
contingent on proper implementation. To understand secondary student design
thinking, Mentzer et al. (2015) compared the design processes of high school
students with those of experts. Using an established protocol where participants
designed a playground for a fictitious neighborhood, the researchers revealed
that students tended to rush linearly through the critical early phases of problem-
scoping and ideation. Experts, in contrast, dedicated substantially more time to
these activities. This finding is consistent with a larger body of work by Atman
and her colleagues (Atman et al., 2005, 2007), who used the same protocol to
identify similar patterns between novice and expert designers at the university
level. This tendency to shortcut the design process is a key challenge for
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educators, and the literature suggests two primary explanations for it: one
cognitive, rooted in student misconceptions about design, and the other
affective, related to a lack of self-efficacy.

The cognitive explanation posits that students rush because they hold
fundamental misconceptions about the nature of design itself. Design is not
simply a linear procedure but a distinct way of knowing and reasoning (Cross,
2006). As Mentzer et al. (2015) showed, high school students have not
developed the habits or expertise to operate at the cognitive level of experts. For
example, according to Mentzer (2014), high school seniors’ information
gathering focused on solution-oriented information (e.g., information on
material costs), instead of problem-focused information (e.g., community
concerns) as experts” might. Mentzer’s (2014) findings are consistent with
Crismond and Adams’ (2012b) influential Informed Design Learning and
Teaching Matrix that highlighted nine key ways novices misconstrue design
practices, which are detrimental to the final output. The misconceptions
identified by Crismond and Adams span the entirety of the design process, from
framing problems to reflecting on the final output. For example, like in Mentzer
et al.’s (2015) study, novice designers are known to skip early research in favour
of moving directly towards the solution, leading to missed opportunities in
understanding the problem and subsequently missed potential in the quality of
the designed solution. It is important to find effective ways to address students'
misconceptions because misconceptions can be persistent and interfere with
learning (Smith 111 et al., 1994).

A second potential explanation for novices’ struggles is affective, centering
on the concept of self-efficacy — an individual's belief in their ability to
successfully execute the actions required for a specific task (Bandura, 1977).
When students have low self-efficacy regarding design, they are less likely to
persist through challenges and more likely to avoid behaviors they perceive as
risky, such as open-ended creative exploration. This lack of confidence in a
design context appears to stem from two interconnected sources: students'
perceptions of their own abilities and the inherent uncertainty of the design
process itself.

First, a student's self-concept can directly influence their design behavior.
According to a study by Fila et al. (2014), college engineering students did not
see themselves as creative, seeing a creative identity as something separate from
an engineering identity. This led them to avoid activities they considered to be
creative and gravitate towards routine and already existing solutions. Second,
design is famously an uncertain, ill-defined process (Cash & Kreye, 2018;
Osmond & Tovey, 2015; Tracey & Hutchinson, 2016). This ambiguity can lead
to feelings of anxiety, and manifest as premature narrowing of creative
exploration and rushing towards a solution in the engineering design process.
Because navigating this uncertainty is so fundamental to the discipline, some
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educators consider it a threshold concept that students must grasp to truly
understand and feel efficacious in design (Osmond and Tovey, 2015).

Learning by Evaluating as a Technique with Potential to Improve Student
Learning Outcomes

To address these challenges and improve student learning outcomes in
engineering design, pedagogical strategies are needed that build student
cognitive skills and sense of self-efficacy effectively. Learning by Evaluating
(LbE) is a promising pedagogical technique hypothesized to achieve these goals
because it is situated at the intersection of two powerful educational approaches:
the use of exemplars and cognitive apprenticeship. This study, as part of a larger
investigation into LbE, sought to understand its impact on student learning in an
engineering design context (Bartholomew, Mentzer, & Jackson, 2022; Mentzer
etal., 2024; Thorne et al., 2024).

LbE is a pedagogical technique used to prime students for learning
experiences through several phases including conducting pairwise
discrimination between exemplars based on a predetermined criterion (Figure 1).
Comparison prompts are provided to the student by the instructor based on the
learning objectives of the teacher (e.g., “which is a better problem statement?””)
and, following a series of individual comparisons, a classwide discussion
reinforces students’ understanding of quality design and equips them for project
work. For examples of LbE sessions and findings related to students thinking as
they engage in LbE, see Lee et al., 2024, 2025.

LbE works on the principle of comparative judgement to reduce the
cognitive demands for students, allowing them to view multiple examples
quickly. Comparative judgement is predicated on the fact that humans find it
easier and are often more reliable when they are comparing two items side-by-
side than when attempting to assign an absolute judgement to a single item in
isolation (Bartholomew, Mentzer, & Jackson2022; Pollitt, 2012). LbE has
shown to be beneficial in terms of elevating student learning for many
disciplines including engineering design, English and business (Bartholomew,
Mentzer, Jones et al., 2022).
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Figure 1
Illustration of Pairwise Comparison in LbE Using RM Compare
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Note. The RM Compare interface displays the comparison prompt at the top (“Which sketch conveys more information to the
design team?”’) followed by each item. Once an item is selected, the judge is prompted to enter their rationale.
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LbE Exemplars for Building Understanding

Students in an LbE experience view exemplars that are usually snippets of
varying quality from iterations of similar, previously conducted projects. In an
engineering design context, exemplars are usually items from student design
portfolios or pictures of prototypes. Exemplars work in two major ways: (1) By
viewing quality examples, students are able to witness for themselves what
successfully fulfilling criteria looks like in practice (Sadler, 2002), better
aligning expectations with that of the instructor and reducing the ambiguity of
assessment criteria; (2), by viewing poor quality examples, they are able to see
that their own initial ideas are not as far off as they might have feared, building
the confidence to begin the task (Canty, 2012; Hawe et al., 2021).

A common concern of using exemplars is that they can inhibit creativity or
encourage students to copy from what they observe. However, research suggests
that these concerns can be mitigated by careful pedagogical design. Some
strategies include having students evaluate a range of ways to approach the
problem, using exemplars that are good but not perfect, and using exemplars that
are analogous but not identical (To et al., 2022). In addition, the open-ended,
ill-defined nature of design problems is an advantage here because there is not
one correct answer, there are many potential solutions. Indeed, given the variety
of criteria that might relate to a design context, different solutions may excel in
different ways (e.g., an idea that is lightweight vs. one that is durable vs. one
that is economical). Making this point clear by discussing tradeoffs in the
context of prior work provides students and their teacher a chance to clarify
design value structures before embarking on their project.

LbE as a Form of Cognitive Apprenticeship

Cogpnitive apprenticeship can help students develop the cognitive skills
necessary to engage in the engineering design process (Jackson & Strimel 2018).
According to cognitive apprenticeship theory, developed by Collins et al.
(1991), students gain expertise by observing and reflecting on the knowledge of
others, including experts and peers (Collins, n.d.). The emphasis of the
technique is to make thinking visible, allowing learners to access the tacit
knowledge that guides expert performance. This model is particularly pertinent
to open-ended disciplines like engineering design where problem solving is
complex and solutions are not predetermined (Collins et al., 1991).

The LbE process can be framed as a powerful form of cognitive
apprenticeship. The model of cognitive apprenticeship outlines six key teaching
methods: modeling, coaching, scaffolding, articulation, reflection, and
exploration. LbE directly engages three of these core methods (Bartholomew et
al., 2024; Thorne et al., 2024). When students examine a pair of exemplars, they
are going through the modeling phase of cognitive apprenticeship by observing
how others perform a task. The act of making a judgment forces them to engage
in reflection by having them compare the two artifacts against their own internal
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understanding of quality, improving their personal mental models surrounding
the task. Then, as they write the reasoning behind their choice, students engage
in articulation. This act helps make their tacit knowledge explicit, which can
lead to deeper understanding. Finally, students have the opportunity to test their
ideas in a teacher-led debrief about why certain exemplars were ranked higher
than others. This process externalizes their own thinking, allowing it to be
examined, challenged, and refined through dialogue with peers and the
instructor.

Method
Research Design

This study is part of a larger study on Learning by Evaluating involving
multiple schools and teachers. However, the present study examined artifacts
from only two teachers in the district. We selected these two teachers because
we found that teachers in these classrooms were most consistent in expecting
students to document design process work in their journals, allowing us the
opportunity to analyze the quality of students’ design thinking.

Our research followed a quasi-experimental nonequivalent treatment and
control group design in order to make causal inferences about changes to student
learning associated with the LbE experiences. Each technology and engineering
education (TEE) instructor taught at least two sections of an introductory TEE
course called Foundations of Technology. In our study, we randomly assigned
treatment and control conditions to each teachers’ classroom. Therefore, each
instructor contributed both treatment and control students for this study.
Instructional procedures which differed between these conditions are described
later. To mitigate the potential for selection bias inherent to quasi-experimental
nonequivalent treatment and control study designs, as described later we also
measured our sample students’ performance at the start and end of the term to
increase internal validity (Shadish et al., 2001).

Curriculum Context

The International Technology and Engineering Educators Association
(ITEEA) offers nationally and internationally disseminated curriculum and
teacher professional learning opportunities. The association’s introductory high
school course is called Foundations of Technology (Gensemer & Caron, 2010).
The study took place within this course. Foundations of Technology is centered
on a series of iterative design cycles; in each, students work individually or in
teams to design, build, test, refine, and finally present a solution to a design
challenge. For example, one unit challenges students to improve a community
park while learning computer-aided drafting (CAD) software. Instruction begins
with students learning about CAD features and commands. Then, the class
identifies a community park to analyse and improve. Students document their
work in an engineering design journal (e.g., researching the problem, imagining
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solutions, and so on) including design drawings and a write-up about the park
improvements.

In this course, students are expected to keep a design journal documenting
their design process. While design solutions, often products, are the focal
culminating result of student work, the course learning objectives and content
foster development of students’ ability to work through a structured, iterative
design process. Students’ design journals are not only valuable for students to
document their work for future reference and reflection, but as windows into
student thinking processes for assessment purposes.

Procedure

The teachers worked closely with the research team to foster fidelity of
implementation and researcher awareness of curriculum in situ. Teachers were
engaged in professional development on LbE annually in the form of a one day
in person group meeting. In addition, teachers met with the research team at
field based conferences, during observation visits and virtual visits throughout
the year. The research team observed classrooms approximately monthly,
engaging in the consent process as well as noting teacher strategies and offering
support.

Control Group

The control group followed a traditional design cycle as shown in Figure 2
with a culminating report out, and often a peer presentation experience, as the
final activity of the design cycle. These commonly took the form of a classwide
presentation by each design team about their process, or a design report
submitted to the teacher. These peer critique presentations gave students an
opportunity to see others’ work and engage in discussion around the process and
solutions as a culmination of the design challenge or unit of instruction.

21-



Journal of Technology Education

Vol. 38 No. 1, Fall 2026

Figure 2

Illustration of the Differences Between Control and Treatment Curriculum Design
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Treatment Group

In contrast, the treatment group participated in Learning by Evaluating
(LbE) experiences at the start of a design cycle as shown in Figure 2 to prime
students for the learning experience ahead. Not only did teachers use LbE at the
start of the project, they also used it at the start of specific phases of the design
cycle, such as problem definition or brainstorming. The LbE experience can be
completed quickly (e.g., 10-15 minutes) and as alluded to in the literature
review, is structured into three distinct phases:

Phase 1: Introduction and Orientation (Whole Group)

In the initial phase the teacher introduced the LbE session and oriented
students to its learning goals. Sessions were created to fill in important gaps in
student understanding as identified by the instructor and were aligned with the
teacher’s learning objectives. These objectives informed selection of exemplars
and the creation of a specific comparison prompt that guided student judgments.
For instance, if the objective was to improve prototyping skills, the instructor
used images of prototypes on a similar project and constructed a comparison
statement which might be as simple as, “Which solution is better? Why?” For a
more targeted focus, such as structural integrity, the prompt could be refined to,
“Which solution can hold the most amount of weight? Why?”” During the
introduction, the teacher often modeled the evaluation process by thinking aloud
while making a comparison, or by leading a classroom discussion on the goals
of the session (e.g., “what are we looking for when judging structural
integrity?”). This modeling aimed to build students' capacity for critical
evaluation and articulated reasoning (Jackson et al., 2022).

Phase 2: Individual Pairwise Comparison (Individually done on RM
Compare)

In the second phase, students individually engaged in a pairwise comparison
activity using the comparative judgement software RM Compare (RM plc,
2025). RM Compare software offered a secure online comparison system that
harvested student activity data (individual student selection choices, comments,
and class rank order). Students were presented with pairs of examples and
tasked with determining which was superior based on the provided comparison
prompt. A key component of this phase was the requirement for students to
articulate the reasoning behind their decisions, thereby fostering critical thinking
and engagement. As students in the class made selections, the RM Compare
platform algorithmically generated a rank-ordered list of the examples based on
the collective judgments.

Phase 3: Debrief and Reflection (Whole Group)

The final phase consisted of a whole-group reflection session led by the teacher,
designed to facilitate the sharing of student thinking and to converge on a
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common understanding of success criteria. During this debrief, instructors had
the opportunity to reinforce key concepts and address any emergent
misconceptions. The rank-ordered list generated by RM Compare often served
as a focal point for discussion. Teachers typically used the highest-ranked
examples to explore the qualities that constituted excellence, and the lowest-
ranked examples to clarify common pitfalls and areas for improvement. This
reflective discussion provided students with an opportunity to refine their mental
models of high-quality work in preparation for embarking the project (or next
phase of the project).

Data Collection

Data for this study were collected during the 2023-24 and 2024-25
academic years. With IRB approval, all students enrolled in the foundational
course were invited to participate. Assent was obtained from all participants, as
well as parent/guardian consent. Students were given the option to provide
demographic data, including their race, gender, class year, and any prior
experience in engineering or technology courses. A full summary of participant
demographics is provided in the next section. At the conclusion of each
academic term, researchers visited the classrooms to scan the physical design
journals of all consented students. Digital scans of the journals were
immediately uploaded to a secure, password-protected cloud server, and
redacted prior to analysis.

Participants

This study was conducted in partnership with a large, diverse urban school
district in the south eastern part of the US. The district serves over 100,000
students across more than 125 schools with a student population that is
predominantly from underrepresented minorities in STEM fields (63.9% Black,
16.7% Hispanic, 11.0%, White, 6.4% Asian/Pacific Islander). Both teachers
involved in the study had prior professional development in TEE and the LbE
approach, as part of the larger ongoing project, and had previously taught the
introductory course. The student population within their classrooms reflected the
diversity of the broader district (see Table 1). One hundred and eighty-eight
students had the opportunity to participate in the study but securing student and
parental consent was challenging. The overall consent rate was 36.2%, with 17
students in control group classes and 36 in treatment group classes.
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Table 1

Participant Demographics by Experimental Group

Treatment Control Full
(n=36) (n=17) Sample
(n=53)
n % n % n %

Gender

Male 17 472 14 824 31 585

Female 15 417 3 176 18 34

Non-Binary 0 0 0 0 0 0

No response 4 111 O 0 4 7.5
School Year

Freshman 19 52.8 6 353 25 472

Sophomore 8 222 7 412 15 283

Junior 1 2.8 2 118 3 5.7

Senior 4 111 2 11.8 6 11.3

No response 4 111 O 0 7.5
Race

Hispanic or Latino 10 27.8 7 412 17 321

White 15 417 2 118 17 321

Asian 3 8.3 4 235 7 132

Black or 2 5.6 2 118 4 7.5

African American

Other or unknown 0 0 2 11.8 2 3.8

More than one race 1 2.8 0 0 1 1.9

American Indian or 1 2.8 0 0 1 1.9

Alaska Native

No response 4 111 0 0 4 7.5
Prior Technology Experience

No 30 833 14 824 44 83

Yes 2 5.6 3 176 5 9.4

No response 4 111 0 0 4 7.5
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Of the participating students, 58.5% self-identified as male, 34.3% as
female, and the remaining 7.5% did not respond to the question. The control
group consisted of substantially more male students than female students. As
expected for the introductory course, participants were primarily underclassmen,
with freshmen (47.2%) and sophomores (28.3%) comprising the majority. The
remaining consisted of juniors (5.7%), seniors (11.3%), and those that did not
respond (7.5%). The largest proportion of students identified as Hispanic or
Latino and White with each comprising around a third of total students (32.1%).
Asian students were the third largest group making up 13.2% of the study
sample. Proportionally, the treatment group had four times as many White
students while the control group had twice as many Asian students. About a
tenth of students (9.4%) had experience with TEE courses in the past, but most
indicated they were taking a TEE course for the first time (83.1%).

Data Analysis
Measurement Instrument

Student performance was measured using a rubric produced as part of a
previously funded $1.7M NSF DRK12 Grant (#1316601) project titled
Engineering for All (EfA). The EfA design journal rubric was created to
measure design practice standards that were rated by experts as feasible,
important, and clearly written in the previous study (Lomask et al., 2018). In our
study’s context, the EfA rubric was in close alignment with the design process
and expectations associated with the International Technology and Engineering
Educators Association (ITEEA) Foundations of Technology course for
classroom assessment. Therefore, we expected direct alignment between how
students are evaluated in their courses and how their learning was measured in
this research. The rubric used in this study for measuring student performance
can be found on the EfA design project’s website
(https:/iwww.hofstra.edu/stem-research/engineering-for-all.html).

The rubric consists of nine criteria that assess the engineering design
process: (1a) stating the design challenge, (1b) clarifying criteria, (1c) clarifying
constraints, (2) research and investigation, (3) generating alternative solutions,
(4) choosing and justifying the optimal solution, (5) developing a prototype, (6)
testing and evaluating the design solution, and (7) redesigning the solution.
Each criterion was scored on a 3-point scale, which we modified to be a 4-point
scale by including a zero level to explicitly account for students who did not
attempt the criteria even though it was expected. The original scale was scored
with a 1 where the performance was below expectation and “needed
improvement”, a 2 for “acceptable” work that was at expectation for the criteria
being measured and a 3 for “really done well” such that the student had
exceeded expectations. Each of the 9 criteria had additional context specific
definitions for the scores 1, 2 and 3.
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The primary outcome measure for this study was the overall project-level
rubric score, calculated for each design journal by isolating a project, scoring it,
and averaging the results of the scorable criteria. Although teachers for this
study were chosen based on the general level of documentation in their classes,
we found differences in which design documentation elements were required in
each class. Therefore, when criteria have missing data, we chose to use available
criteria when calculating the rubric score (not all 9 criteria). Average scores of
available criteria were used to enable comparisons between pre- and post-
measures and between control and treatment conditions. While project-level
scores were used to test the main hypothesis, criterion-level averages are also
reported in the findings section to illuminate student performance on each
criterion and highlight what each criteria measured.

To obtain pre- and post-intervention scores for each student, we analyzed
design journals from two separate projects selected based on included dates and
chronological order. The pre-test score was derived from the first substantial
project of the course which was either a pin design and a crane design. The post-
test score was derived from the final substantial project which was either a
fidget spinner or a bridge design. For our investigation, a substantial project was
defined as one spanning at least two weeks, distinguishing it from shorter (one
day), introductory exercises.

Interrater Consensus

To ensure calibration and reliability of scoring with the rubric, a multi-
phase process was implemented. Two authors independently scored the same 4
design journals representing about 7.5% of the sample. Inter-rater reliability for
the rubric scores was assessed using a two-way random-effects, absolute
agreement, average-measures Intraclass Correlation Coefficient. The ICC was
.57, F(35, 35) = 2.43, p < .005, 95% CI [.17, .78] which was considered
moderate agreement. The researchers then discussed and negotiated any scoring
discrepancies to consensus. Notes taken during this process led to an annotated
rubric with documented details to clarify the operational definitions of each
score category and to standardize the handling of atypical student journal
entries. For example, an annotation was made for Criterion 7 (Redesign the
Solution) to specify that qualitative data could be considered equivalent to
quantitative data (specified in the original rubric) for a score of 3, which better
aligned with teacher expectations of student work. A second round of
independent scoring was conducted using 4 additional journals (7.5%) and,
again, discrepancies were negotiated and documented. The ICC was .83, F(35,
35) =5.91, p <.001, 95% CI [.67, .92] which was considered good agreement.
At this point, the authors agreed the consistency between them was sufficient to
have one author, blind to the treatment/control condition of each journal, code
the entirety of the data set.

-27-



Journal of Technology Education Vol. 38 No. 1, Fall 2026

Findings
The findings are presented in two parts. We begin with the project-level
analysis to investigate design documentation of students in the control group
compared to those in the LbE treatment using gains from pre-to-post measures.
Then, we present descriptive scores on each of the 9 rubric criteria to provide
context and a more nuanced understanding of student design documentation.

Project-Level Analysis

To address our study’s driving research regarding measurable learning gains
related to LbE experiences, we conducted a repeated measures ANOVA using
gain scores between the pre- and post-measures of student design
documentation. Descriptive statistics show a modest increase in mean scores for
both groups over the course of the study. The Treatment Group (n=36) saw their
mean score increase from 2.20 to 2.34. The Control Group (n=17) saw their
mean score increase from 1.97 to 2.23.

Prior to a repeated measures ANOVA, data were checked for normality
using a Shapiro-Wilk test due to the small sample sizes. Pre- and post-scores
were both found to deviate significantly from normal distribution. Therefore, we
examined the Greenhouse-Geisser measure of Sphericity. The epsilon values
were 1.000 indicating that Sphericity Assumed univariate test results were
appropriate for interpretation of the repeated measures ANOVA tests. Effect
size interpretations were based on Cohen (1988) partial n2 values of small,
medium, and large as .0099, .0588, and .1379, respectively.

The analysis revealed a statistically significant main effect of time indicating
that students' scores improved significantly between the first measure and the
last, F(1, 51) = 5.635, p =.021). The effect size, partial eta squared (np?), was
0.099, indicating the measure of student learning showed a small effect. Though
the effect was small, the significant gains align with the course goals and lend
credibility to our measurement strategy as teachers were strategically targeting
learning of the design process which was measurable with our data and
instrument.

However, the analysis of the time-by-condition interaction effect was not
statistically significant, F(1, 51) = .466, p = .498 with a negligible effect size of
.009. This crucial result indicates that the change in scores over time for the LbE
treatment group was not significantly different from the change in scores for the
control group. Thus, the treatment did not have a measurable impact on learning.

In summary, while students’ design journal scores improved, these findings
show no statistical evidence that the Learning by Evaluating treatment was more
effective than standard classroom practice in producing this improvement.

Criterion Level Results

While the overall statistical analysis showed no significant treatment effect,
examining the results at the criterion level reveals a more detailed picture of
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student documentation performance. The following section provides a
descriptive breakdown of the pre- and post-test scores for each individual
criterion, highlighting specific patterns of change and makes explicit our
interpretation of the rubric.

Criterion la: Stating the Design Challenge

An example of the first several criteria is shown in Figure 3. For this
criterion, the pre-score mean was 1.87 (n=53) and post-score was 1.81 (n=53),
indicating very slight loss during the course. Most students received a score of 2
(“Acceptable”) by restating the design challenge as it was provided by the
instructor.

Figure 3

Example of Student Design Journal with Criterion 1a (Stating the Design
Challenge), 1b (Clarifying Criteria) and 1c (Clarifying Constraints)
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To achieve a score of 3, according to the rubric, students needed to frame
the challenge in a way that also explained the underlying need for the work.
Only four students, all of whom were in the post-test group, achieved this score.
For example, one student who earned a 3 wrote:

Build/construct a new bridge to replace the Murry Street Bridge in Santa
Cruz, California. The new bridge must contain wider traffic and bicycle
lanes, a new walking path on the northern side of the bridge to provide
additional views of the lagoon, ocean and harbor.

The inclusion of the rationale (the need) for the new features that went beyond
what was provided by the instructor, “provide additional views of the lagoon,
ocean and harbor”, differentiated the level of performance as “Really Well
Done”.

Criterion 1b: Clarifying Criteria

A noticeable improvement was observed for Criterion 1b, with the mean
score increasing from 1.58 (n=53) in the pre-test to 2.55 in the post-score
(n=53). An observation while scoring was the frequent confusion between
design criteria and constraints. For instance, one student listed load capacity,
aesthetics, and reducing carbon footprint under the constraints section (see
Figure 2), when these are all performance criteria. Conversely, the same student
listed span length and specific requirements like two vehicle lanes under the
Criteria section, when these actually function as constraints on the design.

For purposes of this research, we focused on the existence of criteria
regardless of them being categorized as criteria or constraints. Despite this,
many students in the pre-test still struggled to identify any criteria, leading to
scores of 1 (Needs Improvement). To receive a score of 2 (Acceptable),
according to the rubric, students were required to state two distinct criteria for
their design. A score of 3 was awarded to students who identified multiple
criteria. The notable increase in the post-test score indicates that over the course
of the intervention, students became significantly more adept at identifying and
articulating the desired attributes of their designs, even if the formal distinction
between criteria and constraints remained a point of confusion.

Criterion 1c: Clarifying Constraints

For this criterion, students began with a high level of proficiency that
improved slightly, with the mean score increasing from 2.30 (n=53) to 2.55
(n=53). As mentioned, students often confused constraints with criteria;
however, our scoring protocol awarded credit for the existence of constraints
regardless of how they were labeled.

-30-



Journal of Technology Education Vol. 38 No. 1, Fall 2026

To score a 2 (Acceptable), students only needed to identify one constraint.
Despite this relatively low expectation, a small number of students scored a O for
not attempting the criterion or a 1 for failing to identify any constraints. Yet, an
interesting discovery on this criterion was a pronounced ceiling effect. The
median score for both the pre-test and post-test was 3, indicating that the
majority of students successfully identified multiple constraints and earned the
highest possible score from the outset.

Criterion 2: Research and Investigation

The mean score for this criterion showed a slight increase, moving from
1.63 in the pre-test (n=30) to 1.70 in the post-test (n=53). The discrepancy in
sample size was due to one instructor's students not documenting parts of their
project, rendering their pre-test journals unscorable on this criterion. However,
the broader inclusion of this documentation following the introductory course is
indicative of increased sophistication with students’ design thinking and
documentation in general. Students’ research and investigation for both
teachers’ projects included students entering a list of research questions in their
design journals and then using internet searches to answer them with occasional
citations documenting sources.

A notable finding from the data was the prescriptive nature of the student
work. Journal entries were highly uniform within classes, suggesting that the
format was heavily guided by the instructor. In one teacher’s post-test project,
for example, all students documented their research by posing exactly five
questions to be answered. This templated approach meant that most students
achieved a score of 2 (students completed the pre-design tasks), perhaps just
because they followed the teacher’s requirements.

The primary differentiator for scoring was the quality of the research
questions. Students scored low on the rubric for including questions that were
not directly useful for constructing their prototype. Questions like What is [the
product]? were regarded in our scoring as unhelpful, as it targeted general
information students should have already known and therefore scored a 1
indicating students had not completed the research as a pre-design task. In
contrast, questions such as, What makes [the product] function well? was
considered helpful for informing the design and was therefore regarded as
completing research as a pre-design task. To achieve a score of 3, students
needed to do additional research that informed their design solutions which was
interpreted as going beyond the teachers’ expectations.

Criterion 3: Generate Alternative Solutions

The mean score for this criterion was high for both pre- and post-tests,
showing a slight decrease from 2.97 (n=30) to 2.77 in the post-test (n=53). As
with criteria 1c, we observed a strong ceiling effect, with most students
achieving a score of 3. To earn this maximum score, students needed to show
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evidence of an iterative process (Figures 4 and 5), by brainstorming multiple
distinct solutions and then presenting a final sketch that differed from their
initial ideas, therefore showing iteration. A score of 2 was given if students did
not show clear evidence of this iterative problem-solving but did have a few
ideas. A score of 1 was designated for students who only presented a single
design without considering alternatives; notably, no student received this score
in either the pre- or post-test.

Figure 4

Example of Iterative Sketching in Design Documentation

Note: A student brainstormed 4 initial designs and created a different final
sketch after evaluating all of their ideas earning them a 3.
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Figure 5

Example of Iterative Sketching in Design Documentation

Note: A student collected feedback from their peers (names redacted) on their
prototype and has highlighted them as “positive” (yellow) and “negative” (pink)
using a marker followed by a redesign which differed from their initial ideas
(not shown) resulting in a score of 3. To distinguish between peer feedback of
student work in the black and white print copy, the authors have added (+) to
indicate positive and (-) to indicate negative to the left of each item of feedback.
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Criterion 4: Choose and Justify the Optimal Solution

The mean score for this criterion was also high, increasing from 2.33 in the
pre-test (n=30) to 2.51 in the post-test (n=53). Performance levels on the
criterion required a decision with justification for the highest score, while
limited justification warranted a 2, and a lack of discussion earned a score of 1.
Students who had no clear evidence of making a choice earned a 0.
Surprisingly, scores on the criterion were bimodal, due to the common use of a
decision matrix by students. This meant that students either had a matrix, which
facilitated justifications and decisions, to earn a 3 or didn’t have any evidence of
making a decision and earned a 0.

As researchers, our evaluation of the quality of reasoning around the matrix
was limited. The rubric only required the presence of quantitative measures.
Further, the ambiguity of student-written labels would have made subjective
quality judgments difficult, though perhaps deeper exploration of student
decision processes would reveal differentiators in student learning. An example
of a decision matrix can be seen in Figure 4.

Criterion 5: Develop a Prototype

A notable decrease was observed for this criterion, with the mean score
dropping from 2.85 in the pre-test (n=53) to 2.36 (n=30) in the post-test. This
decrease was primarily driven by a lack of documented evidence of prototyping
in the post-test journals from one instructor's classroom.

The scoring for this criterion was largely based on completion. The rubric
required a representation of the prototype (such as a final design sketch) for a
score of 2, and evidence of a working model for a score of 3. As very few
students included photographic evidence of their prototypes, we inferred that a
working model had been created if the student included testing-related data from
their prototype teaching in their journal. If testing data were absent, students
with a final design sketch received a score of 2. The limitations of this
inferential approach are elaborated further in the discussion section.

Criterion 6: Test and Evaluate the Design Solution

The mean scores for this criterion were high at the start of the term and end,
showing a slight decrease from 2.58 in the pre-test (n=53) to 2.47 in the post-test
(n=30). The high scores were attributable to the prescriptive nature of the testing
procedures. In the projects we observed, all students appeared to perform the
same pre-determined tests, likely assigned by the instructor. Consequently,
students who documented the completion of this required test, which was
considered a fair test by the rubric and analyzed these results to determine
strengths and limitations, received a score of 3. Students who had no
documented testing data, received a score of 0. Still, this bimodal scoring pattern
produced a high overall average.
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Criterion 7: Redesign the Solution

A noteworthy increase was observed for this criterion, with the mean score
rising from 1.55 in the pre-test (n=53) to 2.13 in the post-test (n=30). This
improvement reflects students' increased ability to justify their design
modifications. To achieve a score of 3, students were required to articulate the
reason for their redesign by explicitly referencing quantitative data from their
testing phase (Criterion 6). To allow for variations in projects, we also
interpreted sufficient qualitative feedback to serve as valid data for criterion (see
Figure 3 for an example of a student that earned a 3). Students who proposed a
redesign but did not connect it back to their testing results received a score of 2.

Discussion

The results of our study indicated that Learning by Evaluation (LbE)
treatment did not produce a statistically significant change in student
achievement. This finding is unexpected, particularly given the robust
theoretical foundations of the intervention and the past research which has
consistently demonstrated significant positive outcomes from LbE application
(Bartholomew, Mentzer, Jones, 2022). This section will rationalize why this
result is surprising by examining the established literature on the core
components of LbE and then explore potential alternative explanations for our
findings.

Our expectation that LbE would positively impact student achievement was
grounded in well-established educational theories. The integration of exemplars
into a curriculum, a key feature of LbE, has been theorized to enhance student
achievement by fostering self-regulated learning (To et al., 2022). In a
systematic study on the use of peer exemplars in technology and engineering
education, Thorne et al. (2024) identified multiple benefits that lead to enhanced
learning, including improved student focus, increased motivation to learn, the
development of self-efficacy, and a higher standard for learning outcomes.
Similarly, the principles of cognitive apprenticeship have been validated by over
three decades of scholarship, which consistently demonstrate its success in
improving student learning and achievement (Collins et al., 1991; Dennen &
Burner, 2008; Wu et al., 2016).

The impetus for this study was the documented success of LbE in other
educational contexts. LbE has proven to be an effective technique in higher
education (Bartholomew, Mentzer, Jones, et al., 2022; Bartholomew, Zhang, et
al., 2019) and in middle school (Bartholomew et al., 2018) for enhancing student
learning. We, therefore, anticipated measurable gains in student learning and
achievement at the high school level. However, a critical distinction between our
study and prior research may be the scope of our measurement. In the higher
education studies, for instance, learning improvements were measured on
specific, targeted tasks. In contrast, our study attempted to detect improvements
at a broader project level, using average design journal scores as the primary
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metric. Therefore, a plausible explanation for non-significant results is that our
approach masked more granular improvements (i.e., time management or the
quality of entries in a decision matrix that teachers may have targeted with their
LbE sessions). Students may have experienced gains on specific design
activities, such as producing more creative ideas or more complex prototypes,
but these nuanced changes were not captured by the overall project score or
rubric criteria associated with the specific design activity.

Furthermore, a potential mismatch likely existed between the content of
some LbE sessions and the criteria assessed by our rubric. Ideally, we would
analyse the specific LbE sessions each instructor ran and relate those to
performance gains on specific design criteria, but our data collection was unable
to capture which sessions were run by which teachers during this design journal
study. We discovered that instructors often refreshed older LbE sessions for new
activities instead of creating new ones, which meant we could not systematically
track the precise content or frequency of the sessions that were actually run
using the teacher’s history of sessions in RM Compare. Nonetheless, our
broader engagement with the classrooms as part of a larger NSF project allowed
us to observe instructors applying LbE to valuable skills like improving the
quality of brainstorming or enhancing time management via Gantt charts. While
these are important professional practices, they are not directly measured by EfA
design journal rubric. This suggests that students could have been learning and
improving in ways that our study was simply not designed to measure. We will
explore the limitations of our instrument in greater detail in the subsequent
section.

Limitations Associated with the Rubric Fit

A significant limitation of this study was the alignment between the general
measurement instrument and the specific LbE treatment. The rubric was
designed for teacher led classroom assessment, which we suspect would have
been successful based on our use. However, as a research instrument, it proved
to be a poor fit for the needs of this particular study, which was not evident until
analysis was completed. The rubric design prioritized the completion of tasks
(appropriate for classroom teacher assessment—its designed intent) over a
detailed inspection of performance quality (needed for this research).

This difficulty in examining fine-grained levels of performance was
manifest in several elements of the rubric design. The rubric had a 3-point scale
(1 to 3), which we expanded to a 4 point scale (0 to 3). However, the instrument
still likely lacked numerical granularity to capture certain improvements, based
on the typical design performance of the student participants. For instance,
under Research and Investigation (Criterion 2), the rubric evaluated if research
had been conducted, but not the quality of the research or its impact on the
design work. We speculate LbE may improve students’ critical thinking which
may emerge in ways that are demonstrated through more meaningful research as
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opposed to the binary presence of research or not. Thus, while parts of the rubric
valued completion, we hypothesize LbE might improve quality, not completion.
This represents a significant limitation for our study, as it renders a crucial
aspect of intellectual development—the increasing sophistication of student
inquiry—Ilargely invisible to the assessment.

Several aspects of classroom scaffolding may also have amplified the
difficulties of using the rubric to evaluate performance within a research study.
In several cases, teachers’ typical classroom practices created an artificial ceiling
when combined with the rubric focus on completion rather than quality. We
hypothesize this was the case for Stating the Design Challenge (Criterion 1a).

In our analysis, we observed that students consistently earned a score of 2
by restated [the problem statement] exactly as provided by the instructor. To
achieve a 3, the rubric required students to independently reframe the problem to
explain the need for the project. Although the higher level does reflect increased
sophistication with design documentation, if students were only instructed to
perform the action that earned a score of 2 (i.e., restate exactly as provided), it
would explain why students typically did not achieve the highest level. This
same pattern could have occurred with the Research and Investigate criterion,
where students may have precisely followed instructions (i.e. research exactly 5
questions) which corresponded only to a mid-level score on the rubric.

Conversely, other criteria were susceptible to a different kind of ceiling
effect, where the requirements for the highest score were met with relative ease.
For Clarifying Constraints (Criterion 1c) and Generate Alternative Solutions
(Criterion 3), most students identified several design constraints (probably
teacher provided) and had multiple ideas that differed from their final idea and
therefore received the maximum score of 3. While this indicates strong
performance, it also means the rubric could not differentiate between students
who met the high standard and those who significantly surpassed it.

Limitations Associated with the Design Journals

This study is situated within a larger, five-year NSF-funded project
investigating Learning by Evaluating. While the current analysis was designed
to assess student learning based solely on the evidence available within
engineering design journals, our understanding of the context is informed by our
broader engagement with the participating classrooms. The journals, however,
often failed to provide a comprehensive record of the students' design processes.
This created a significant discrepancy between the activities we witnessed
during our ongoing observational visits and how students’ work was actually
documented.

This issue of incomplete documentation was widespread. Of the nine
instructors involved in the larger project for the academic years of 2023-24 and
2024-25, only two consistently required students to maintain their work in a
single, coherent design journal. While these two teachers had the richest
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journals, even amongst them, journals were often missing key entries of the
design journey, contrary to the best practices outlined by Kelley (2011), which
emphasize diligent, chronological recording of all design activities.

The evidence of this incomplete documentation was most apparent in the
scoring for Develop a Prototype (Criterion 5). During our observational site
visits—which were part of the larger grant's activities but not a formal data
source for this particular study—we frequently saw students constructing both
digital and physical prototypes. Yet, because this work was not consistently
recorded in the paper based journals, many students did not receive a high
design journal score for their prototyping work, due to a lack of documented
evidence. Our direct observations allow us to surmise with confidence that most
students did, in fact, complete the prototyping stage, but they failed to include
the necessary evidence in their journals. Instead, they may have been evaluated
by the teacher’s observations or there may have been digital submissions to the
school-wide LMS software that captured the process but were not entered into
the design journal. Consequently, relying solely on the design journals, as
dictated by this study's methodology, provided an incomplete and potentially
misleading representation of student achievement.

Implications for TEE

Implications for Practitioners

The findings of this study offer several key implications for technology and
engineering practitioners. Our analysis showed a significant improvement in
students' overall design journal scores over time, affirming that valuable
learning is occurring regardless of our LbE treatment. However, our findings
also highlight opportunities to enhance this practice by addressing two key
areas: (1) the need for improved, practice-based documentation strategies and
(2) a fundamental tension between prescriptive instruction and the development
of authentic engineering habits of mind.

Re-envisioning the Engineering Design Journal as a Practice-Based Tool

A central tenet of using engineering design journals is to make student
reasoning visible, thereby enabling authentic assessment (Asunda & Hill, 2007;
Kelley, 2011). Our finding that most instructors did not use journals this way
suggests there is a significant gap between pedagogical theory and classroom
reality. This gap presents an opportunity to consider documentation approaches
that are practice-based. Such a practice-based approach might be a better
reflection of classroom dynamics, where the work students complete is often
digital, collaborative, and multimedia-rich. Rather than being a static repository,
contemporary, practical journals could be a dynamic digital space where
students embed videos of prototype tests, link to simulations, and collaborate on
technical drawings.
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The gap between design journals as authentic assessment and their practical
use appears to be one of integration; when documentation is perceived as an
onerous task separate from the real work of designing and building, students and
teachers may be less likely to engage with it deeply (Paretti, 2008). Future work
should therefore focus on making documentation a more authentically practice-
based endeavour. A promising approach could be to co-develop new resources
directly with instructors, ensuring that solutions are grounded in classroom
realities. This collaborative work could include creating new practice-based
implementation frameworks or exploration with digital platforms that better
integrate documentation into the design process, framing it as a natural and
valued part of the engineering workflow. With these blended modalities and
platforms, transitioning the historically paper based design journal to a digital
structure may expand the comprehensiveness and utility of engaging in design
documentation.

On the other hand, absent such a platform, effectively evaluating student
design documentation may require that information be combined from several
sources. Our observations indicated that students were making sketches on paper
and doing CAD work on their computers. Prototype testing was done in class
but could have been documented with video or photographic evidence.
Therefore, integration of student design documentation may require examining
paper-based journals, computer and empirical testing, digital LMS submissions,
and in person observation when presentations are employed for assessment.

Balancing Instructional Scaffolding with Authentic Engineering Habits of
Mind

Beyond documentation, our analysis raises a fundamental question about
how design is taught in secondary education. While the stated ideals of the field
emphasize the cultivation of engineering habits of mind, such as systems
thinking (Lucas & Hanson, 2016), our analysis revealed student work that was
often highly uniform, implying that it was prescriptive. As examples, students
were expected to restate the design problem exactly as provided by the instructor
and many of the constraints and criteria were identical within classes. A
prescriptive approach, while efficient, is in direct tension with the goal of
fostering authentic problem-solving. This tension may point toward a
pedagogical sweet spot where instructors provide structure by defining the
boundaries of a problem space (e.g., specifying certain materials, software, or a
target performance metric), yet leave the pathway to the solution genuinely
open-ended. Such a strategy could provide necessary guidance while still
entrusting students with intellectual agency.

A valuable direction for future research, therefore, would be to investigate
learning progressions associated with secondary design education with specific
attention to scaffolding novice designers sufficiently. For example, comparative
studies could examine differences in student learning, creativity, and systems
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thinking when taught in highly prescriptive environments versus more open-
ended, yet constrained, ones. Furthermore, another line of inquiry could focus
on developing resources or frameworks that help educators design effective
learning experiences that balance necessary constraints with the freedom to
innovate.

Implications for Researchers

Rather than concluding that Learning by Engineering (LbE) may be
ineffective in measurably improving student learning in high school settings, we
argue the primary implication of this study is methodological. We have aimed
for transparency in our research process so that subsequent work can better
navigate the complexities of measuring LbE's effects. Our findings suggest that
for results to be clear, there must be a much tighter alignment between the
specific goals of an LbE intervention and the constructs being measured. A
review of available instruments to measure secondary introductory level design
process documentation was conducted prior to this study and resulted in few
options. Thus, future research could refine a valid and reliable research grade
instrument for measuring design to fill this gap.

With a more rigorous instrument our study’s next weakness was sample
size. Future research should be situated in classrooms where design
documentation is an expectation. While nine teachers participated in the larger
study, and most teachers had what they called design journals, they typically
expected students to use these as notebooks rather than design journals. Thus,
upon close review, we discovered the design journal was more of a collection of
lecture notes, including anything students were asked to write down in
preparation for a test, draft research papers, or notes when a guest speaker was
coming into the classroom. To complicate our limited teacher sample, we
recommend future researchers work closely with the school community during
the consent process as we struggled to secure parent consent. Few parents
actively said no, but, rather, our struggle was simply getting a response.

Conclusion
This study sought to determine if Learning by Evaluating (LbE) could

significantly improve student achievement in secondary school engineering
design. Despite LbE’s promising foundations, our primary finding was that the
LbE intervention did not produce a statistically significant improvement in
student design journal scores compared to standard classroom practice. We
conclude that this outcome is likely not an indictment of LbE itself, but rather a
reflection of the limitations of the measurement strategy used in this study.
While the rubric used may be suitable for classroom assessment, it was general
and focused on task completion over quality. Its inability to capture nuanced or
qualitative growth may have masked student learning associated with our
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treatment. Second, a mismatch between LbE activities and the assessment
criteria also likely rendered genuine learning gains invisible to our analysis.

Therefore, the primary contribution of this work is a critical insight into the
challenges of authentic assessment in K-12 engineering education. Our findings
compel a shift in focus from merely implementing new teaching techniques to
fundamentally rethinking how we measure complex learning. This points to two
clear implications for practitioners: the need for better integrated, practice-based
documentation that make student thinking truly visible, and a pedagogical move
away from prescriptive instruction toward creating more open-ended, yet
constrained learning experiences.
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