DISCOVERING ASSESSMENT CATEGORIES FOR LEARNING
DIARIES: AI-ASSISTED FORMATIVE FEEDBACK IN ENGINEERING
EDUCATION

Salu Ylirisku
Department of Electronics and Nanoengineering, Aalto University
Tua Bjorklund

Design Factory, Aalto University

ABSTRACT

This paper reports a method for discerning formative assessment categories and criteria from
tacit expert practice for the evaluation of reflective learning diaries with Al, and a taxonomy
that covers the main dimensions, analytical frames, and criteria discovered by using the
method. The approach is rooted in over two decades of practice in the context of reflective
education in design and engineering. The reported category structure surfaced in one
instructor’s practice across 2023-2025 through a hermeneutic procedure, where the Al-based
assessment tooling was constantly improved by comparing the instructor's and Al’s
assessments of 1346 individual diary entries from in total 164 students across three project-
course instances. The evolution of the instruction for the Al happened mainly through
disagreements where the instructor was not satisfied with the Al's assessment, which led into
a rewrite of the instructions in the Al’'s system prompt. This process made visible and shareable
a formerly tacitly operating set of frames and criteria that the instructor utilised in their work.
The approach shows a path to enabling a formative assessment practice of students reflective
learning diaries that can result in more elaborate, relevant, and consistent assessments than
those provided by human evaluators without Al.
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INTRODUCTION

Engineering education faces a challenge to meet the demands of the increasingly rapidly
developing networked world which calls for the cultivation of self-regulated learning and
transversal competencies (Chen et al.,, 2021; Devika et al., 2020). These are skills and
competencies making students “capable of adapting according to the needs and changing
demands in different situations and conditions” (Devika et al., 2020, p. 350). These skills are
also included in the CDIO syllabus 3.0 under labels, such as “life-long learning,” “self-directed
learning,” and “creative thinking” (Malmqvist et al., 2022). While the development of these
capabilities can be supported through challenge-based learning approaches, such as
problem- and project-based methods (Gaskins et al., 2015), the assessment in challenge-
based learning is underdeveloped, varied, and widely struggled with (Doulougeri et al., 2024;
Valencia et al., 2020).

Reflective learning diaries are proven to be a promising means to support the cultivation of
self-regulated learning and transversal skills as they provide instructors with visibility to the
individual student’s learning process in a manner that examinations, surveys, quizzes, and
technical deliverables do not produce (Wallin et al., 2016; Wallin & Adawi, 2018). However,
reflection-based methods remain among the least used methods in engineering, because of
their labour intensity and time demand of the assessor (Cruz et al., 2020). As the review
depends heavily on the reflective judgment capabilities of the assessor, the statements across
different reviewers may vary a lot depending on their personal sensitivities alike conference
paper review do. Competent review also requires domain knowledge, whereby, assessment
is not easily delegated to teaching assistants with limited experience in the domain and in
reflection assessment. Assessing reflective writing at scale, thereafter, still presents
engineering educators with a persistent difficulty.

We, nevertheless, see reflective learning diaries as a potential scalable solution for the
formative assessment of reflection given that the diary assignments are designed to be
constrained and supported by Al, more specifically, systems that use specifically instructed
large language models (LLMs). The viability of the approach is based on two premises: Firstly,
the instruction for weekly reflective learning diary writing can be designed to aim for rather
short entries with required ingredients, such as project photos, that are not easily generated
by Al by the students. Secondly, as reflective learning diaries are essentially text, they are
readily available to an LLM for review. LLMs matured in their reflective analysis capabilities
significantly between 2023-2025 reaching performance comparable to, or even outperforming,
that of an expert evaluator of reflection, based on our experience.

The success of the approach, nevertheless, relies on students actually reading the feedback.
Diefes-Dux and Cruz Castro (2022) report that even where instructor feedback is generated,
students may not view it at all, especially, when the perceived authenticity of the exchange is
low. When the students are informed that the feedback is based on Al, they are thus less likely
to read it and learn from it. However, based on our experience, it is possible to design an Al-
based approach in a way that encourages students to actually read the feedback and develop
their learning outcomes accordingly.

This paper reports on our practice-led study of developing Al-assisted formative feedback for
reflective learning diaries. The focus is on the development of the Al-based assessment
approach grounded in decades of work with reflective education in the context of engineering
and design. We first describe the approach for discovering and operationalising reflective
writing assessment dimensions, frames, and criteria with Al, and then expose an overview of
the identified dimensions, frames, and criteria for the assessment. As such, the study
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contributes to identifying analytical categories of reflection and reflexivity and their markers in
student learning diaries. The development process, in turn, provides an example of the
codifying tacit knowledge from course instructors into grading criteria with the help of LLM-
assisted grading processes.

METHOD - HERMENEUTIC PROCEDURE FOR ARTICULATING TACIT JUDGMENT
Origins and trajectory of the inquiry

The inquiry reported here is based on approach the first author has developed during over two
decades of teaching in design and engineering education, grounded theoretically in the
pragmatist and interactionist traditions (Ylirisku, 2013). The work was originally inspired by a
visit to Jacob Buur’s group at the University of Southern Denmark in 2003, where Buur
presented a three-level schema for identifying different levels of reflective articulation, i.e., 1)
chronological reporting, 2) thematic description, and 3) conceptually unified presentation. This
schema underlay an aspiration similar to Moon’s (2004) idea of the depth of reflection, where
the assessment and grading of reflection is based on specific qualitative differences in text.

Hermeneutic inquiry and the prompt as research artefact

The inquiry reported here is hermeneutic in the specific sense of proceeding through iterative
interpretation where successive encounters with material revise the interpretive frame that is
brought to the next encounter. The procedure followed the practice-led research tradition as
characterised by Candy (2006), producing knowledge that has operational significance for the
practice from which it emerges. In terms of academic knowledge production, or research
discovery, of the dimensions, frames and criteria for the formative assessment the Al system
functioned as a dialogical partner. The researcher instructed the Al, submitted a diary for
review, judged the output, and either agreed or disagreed with the Al's review based on their
own reading of the diary. In case of a disagreement, the instructor explained to the Al what
was wrong in its assessment and developed a more accurate version of the Al’s instruction,
i.e., the system prompt. The editing of the prompt continued until the instructor was satisfied
with the newly prompted Al’s review. The system prompt thus is a knowledge artefact that
contains traces of all the agreements and disagreements through the review of over 1000
diaries. It is a shareable and operational expression of the originally tacit categories that the
experienced instructor implicitly used in the assessment of the reflective learning diaries.

The first attempt to operationalise this and related distinctions through Al was made already
on the 26™ of April 2023 when the first author drafted a prompt for GPT-4, based on the above-
mentioned three-fold schema by Jacob Buur. The early test, however, resulted in a failure, as
the Al invented its own categories while it was analysing the essays, and the results were very
inconsistent. After several unsuccessful attempts, the development was set aside. The Al
models were clearly not yet mature enough for the task. The inquiry was resumed in autumn
2024 with Claude Sonnet 3.5 and again in autumn 2025 using Claude Opus 4.1 and 4.5 as
the primary assessment tools. ChatGPT-40, 5.1 and 5.2 models were also used, but they were
later abandoned as they, most of the time, refused to process the long prompt.

Course contexts and the weekly assessment cycle

The primary site for the study was the Design Thinking and Electronic Prototyping course
(DTEP), a 12-week first-year project-based course at Aalto University (in autumn 2025, n=58,
piloted in in autumn 2024, n=50). In it, student teams conceive design ideas, build functional
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loT demonstrators, and submit weekly learning diaries integrating course literature, lecture
content, and project experience. The grading of the diaries was originally completely based
on technical criteria: 600+ words, images labelled and referred to, citations in APA or IEEE
format, evidence of weekly activities, and bibliography. In 2025, we added progressive
weighting between technical and content dimensions across the 12 weeks, (weeks 1-4
100%/0%, weeks 5-8 50%/50%, and weeks 8-12 30%70% technical/content). We also tested
the Al-based assessment in a master’'s-level course Networked Partnering and Product
Innovation (NEPPI, 6 weeks, n=56) with similar technical requirements to gain understanding
about the scalability of the approach across courses. The instructor of the courses was the
same (the first author).

The assessment process followed a seven-step cycle:

1. Download a diary submission from learning management system (LMS).

2. Anonymise the entry (remove student names, remove images).

3. Submit the anonymised text to Al review.

4. Read the full diary entry while the Al is working and form independent judgment.

5. Compare your and Al assessments. If the reviews do not align, edit the prompt, update
the Al system, and redo steps 3-5.

6. Decide on the grade.

7. Edit a statement based on the Al-generated feedback to the LMS.

The methodological commitment by the authors is to form independent assessment before Al
consultation. This preserves the instructor judgment as the reference point against which Al
output is evaluated. Examples of statements are exhibited in Appendices 2-4.

Emergence of distinctions in the system prompt

The system prompt revisions were not scheduled. Each revision was triggered by specific
occasions where the instructor’'s and Al's assessments diverged. This could mean that the
frames and criteria written into the system prompt could not accommodate a diary fairly, or
that the instructor had been implicitly assuming a distinction that had not yet been explicitly
expressed in the system prompt. Each revision was made at the prompt level rather than by
editing the Al's output for a single student so that the distinction could be repeatedly applied
to the review of subsequent diaries. The instructional prompt grew from approximately 500
lines in late 2024 to approximately 7,500 lines by late 2025 as the distinctions accumulated.

One early event illustrates the mechanism concretely. The autumn 2024 deployment began
with a minimal set of distinctions, including only reflection as the singular main dimension. On
the 9™ of September 2024, a first-year student’s opening diary entry presented a case the
single-category structure could not assess fairly. The diary displayed a thematic organisation
that the prompt was instructed to consider as an intermediate level of reflection based on the
original idea from Buur. However, the diary also presented a candid story on how the student
was experiencing what they were encountering in the course, i.e., “I must admit | wasn’t too
excited when | learned about the course book ... but my opinion changed after starting it”. It
revealed thinking in progress, explained the reasons for their own structural choices,
connected current experience to prior decisions about their major, and identified knowledge
gaps with a plan to address them. Assessing the entry as intermediate would have
misrepresented what the student was doing and assessing it as strong would have muddied
what “strong reflection” meant. The instructor’s diary entry that day recorded the resolution:
“Strong reflexivity <> Strong reflection.” After some contemplation, reflexivity was added as a
co-equal category to reflection, i.e., as a core dimension of the assessment. This event
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represents an instance of the mechanism that would operate throughout the inquiry. Both
reflection and reflexivity dimensions were further differentiated into five frames during
September-October 2025.

FINDINGS: TYPES OF REFLECTION AND REFLEXIVITY

As the result of the hermeneutic process, we distinguished 5 analytical frames in both
reflection and reflexivity. In terms of the ‘depth’ or ‘strength’ or reflection, the prompt was
elaborated with the signs of weak, intermediate, and strong reflection/reflexivity. A diary entry
that would be considered strong would need to feature multiple strong reviews from the point
of view of the different frames. Below we explain the analytical frames discovered in the study.

Five frames of reflection

Conceptual understanding concerns the grasp of theoretical foundations and principles that
explain how and why phenomena occur. For example, a student who adopts the concept of
root cause analysis from Norman (2013) and uses it to explain a phenomenon in their own
words: “...if there is another technical or system design flaw that was actually the root cause
for the human error [..] During the summer | worked as a customer service agent. [..] The
exhausting part for me was to constantly switch between the chats to see if other customers
have answered yet. But by doing so my thoughts were constantly interrupted and sometimes
that lead me to making silly mistakes like answering a specific question to the wrong customer
or opening the wrong information in our system.” Here the student transferred Norman’s
concept of root cause analysis to their own domain and, by doing so, showed how the concept
could be operationalised in and applied to practical day-to-day design work rather than simply
cited and repeated the source.

Theory-practice integration concerns bidirectional flow between theoretical knowledge and
lived experience. In a diary text that displays theory-practice integration, a student uses
personal experiences to investigate theoretical concepts. In one diary entry, a student explored
Norman’s concept of mapping: “/ don’t think my mistake [using a wrong dial] happened
because the mapping on the stove is not logical (the course book does have better mapping
design examples that | agree with seem more logical), but rather | was so used to my old
stove, that | didn’t think twice when turning the switches.” Key difference from conceptual
understanding is that here the student may, in addition to exploring the meaning of
experiences in the light of theoretical concepts, also critically investigate the meaning and
validity of theoretical concepts in the light of everyday experiences.

Critical analysis concerns systematic evaluation of experiences and claims through
evidence-based argumentation. Students may use explicit criteria, context-dependent
perceptions, and reasoned argumentation to form views and judgments of what is happening.
Critical analysis does not necessarily utilise academic concepts in the way ‘conceptual
understanding’ and ‘theory-practice integration’ does. A diary excerpt: “There was a safety
device that used motion sensors to detect if an object went through [..] The exhibitor explained
that this sensor had a light transmitter and a receptor, and if the receptor was not getting
signals from the transmitter (object blocking the way) the safety precautions would activate.
[..] In hindsight | wondered why they would use a slightly more complex sensor instead of just
the simple ultrasonic sensor we’re using in our project. Why make it more complicated?” This
passage also displays signs of intellectual inquiry, which is triggered by a puzzling experience,
thus illustrating that the use of multiple analytical frames on single text passages may reveal
a more nuanced understanding of the text than singular ones do.
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Knowledge synthesis concerns integration across sources and domains into coherent
understanding, building arguments that cross disparate experiences. The following excerpt
shows an interrogation of a student’s earlier experiences in the light of the in-class feedback
exercise: “Designing the casing has also taught me to appreciate the precision involved in
translating a digital design into a physical object. Small dimension changes can affect how
components fit or how the final prototype looks, which reminded me of Norman’s (2013) idea
that “good design is in the details.” I've learned that prototypes communicate ideas not only
through function but also through their physical form, which relates back to lecture notes about
articulation. The prototype itself becomes a way to express and refine our concept.” While this
excerpt resembles theory-practice integration, the key difference is in how the student
connects multiple sources (experience of precision, Norman’s point on details, lecture notes
on articulation) into a new unified conceptual understanding (prototype as host of expression
and refinement).

Intellectual inquiry concerns self-directed questioning beyond assignment requirements, i.e.,
generating explanations, pursuing tangential implications, engaging in speculative reasoning.
Avivid example of intellectual inquiry is a diary entry that explored the concept of ‘girl shopping’
triggered by Norman’s explanation of how people might want different things than what they
actually buy. “I have personally also experienced this in my own buying behavior [..] For me
personally, | think my “girl shopping” behavior is due to either not actually affording the item or
appreciating some specific design elements in it but knowing | don’t need it and therefore
leaving it behind.” The student proceeded to investigate the relation between desires and
needs.

Five frames of reflexivity

Personal learning identity concerns self-knowledge as a learner, recognising how one
approaches learning situations, articulating, not merely what they learned, but who one is
when learning. An example from a diary entry: “In the beginning of the course, this would have
caused me stress because at the time | felt the need to control the process and teamwork.
However, seeing that my team was able to successfully finalize the prototype and video
without me was a moment of pride.” Here, the student recognised a pattern in how they
perceived themself, as a person needing to have control over the teamwork, and how this
tendency shaped collaborative learning. The passage suggests that the person is becoming
aware of a tension between different feelings, that of being in control and that of not.

Self-investigation for pattern recognition involves systematic examination of one’s own
behaviours to uncover underlying patterns. This kind of text moves beyond surface
observations to ask why, identifying recurring tendencies, and developing causal explanations.
An example: “The aforementioned style of questioning [from the course book] seemed to
properly display the issue of our idea [..] and likely revealed a similar reasoning our
unconsciousness had robustly performed during the lecture.” The student applied
methodology from the course book to interrogate their own design thinking that was a major
learning goal in the course, tracing surface failure to root cause, and recognising that
conscious analysis revealed what unconscious processing had already detected.

Transformative self-awareness involves recognising how one is changing through learning
in terms of not merely acquiring skills but undergoing shifts in perspective or identity. Students
demonstrated this through explicit before-after contrasts and articulating how past selves differ
from present understanding: “/ used to think the lectures were some pretentious theory, but |
came to see that there are some valuable insights to be gained once you look closer. | used
to brush off the diary feedback as the professor simply being nitpicky and not appreciating my
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writing style, | now see that was never the point. I've been subconsciously internalizing the
feedback and that's been changing the way | approach things.” The student articulated two
distinct perspective shifts, identified the mechanism of transformation (“subconsciously
internalizing”), and recognised that change extends into behaviour ("changing the way |
approach things"). The honesty about earlier dismissiveness makes the transformation
credible. This passage also displays support for the effectiveness of the repeated and
consistent diary feedback.

Learning challenge navigation concerns how students work with personal barriers. It
involves honest acknowledgment of struggles, identifying obstacles, and developing strategic
responses: “For me it was hard to 'let loose' and doodle on the paper since | was overthinking
my ideas too much. | think | also felt the time pressure as a constraint on my creativeness...
After the second exercise | was able to go back to the circle exercise and draw more things. |
think it helped me to have a bit more time and not feel too pressured to be more creative. |
want to take this into the group project as well, to allow myself to think in peace.” The displayed
learning challenge navigation here is forward loaded: the diary entry itself is part of the
strategic response, since articulating the pattern is what makes it transferable to the group
project rather than remaining a one-off observation.

Emotional and personal significance concerns how emotions connect to learning and treats
emotions as learning data rather than noise, exploring also what feelings reveal about
engagement: “/ also tried to worry about the proximity sensor reader for the prototype that isn't
actually even necessary for our project to work... Which in essence is great, but if it leads me
to stress this much, | should probably take some breaks and focus on one thing at a time...
Maybe all worry isn't needless.” The student initially identified stress as problematic but arrived
at a revaluation, "maybe all worry isn't needless.” Rather than dismissing the emotion, they
interrogated what it reveals, transforming anxiety from obstacle into signal.

Competent fluency and the challenge of detecting it

Initial versions of the Al prompt featured a bias towards the detection of explicit signs of
specified aspects, for example, specific wordings or phrasings. The earlier Al models were
also less capable in making interpretations on text, which required the prompt to point out to
the Al very clearly what should be assessed and how. However, when students internalise
concepts, they may display the understanding as an embodied and tacit quality in what they
do and write, similarly to how a trained professional does their practice. The action and its
presentation in text show what happens rather than explains the rationale behind or explicates
the assumptions that underlie it. They use concepts as cognitive infrastructure, not as if they
had just learned those and needed to explain their behaviour: “/ noted that | had made the
assumption that she [user] would most definitely approve of it without question. That's not
exactly the ideal mindset of a developer towards user feedback, but I'll cut myself some slack
for it being a friend whom | already knew really well.” This passage contained no citations,
theoretical vocabulary, or explicit reference to user-centred design principles. Yet the student
was performing user-centred thinking: recognizing their own confirmation bias, critiquing their
methodology, demonstrating awareness that user feedback requires genuine openness rather
than validation-seeking. The theory had become invisible as it had been internalized, similar
to a native speaker constructing complex sentences without reciting grammatical rules. We
identified this kind of cases in approximately 1-5% of submissions, where category boundaries
and even dimensional categories between reflection and reflexivity dissolved.

Detecting this kind of fluency in text requires the LLM to have knowledge of the practice that
the students are learning, here design thinking. The prompt needed to recognize that a student
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reflexively catching themselves in a methodological error demonstrates deeper integration
than a student who correctly defines “user-centred design” but applies it mechanically. For the
prompt, we included a separate review step for performative integration, which stands for a
case where a student seems to have internalised the concepts and theory intended to be
learned, and then display their understanding and capability by explaining how they act while
having integrated these into their practice. Here, theory operates as natural voice rather than
being cited through authoritative references. A single paragraph may simultaneously
demonstrate reflection and reflexivity, each insight enabling the next.

In terms of the review, such fluent text presents a challenge, since it may appear poor from
the point of view of an individual narrow analytical frame, but yet display the highest form of
educational outcome in the given practice. Based on our experiment, recognising performative
integration required several mechanisms. The most fundamental was adding a screening
stage posing inverse questions: rather than only asking “Does the student cite theory?”, the
prompt also asks: “Does the student use theoretical concepts as natural thinking tools
WITHOUT formal citation markers?” This reframes absence as potential evidence of fluency.
This, however, required the prompt to feature domain-specific key learning outcomes.

The final prompt included explicit recognition rules interrupting default assessment logic.
Before classifying conceptual understanding as weak, the system must check for implicit
mastery through application: “Novices EXPLAIN concepts. Experts USE concepts as thinking
tools. The second form is HIGHER competence, not lower.” We developed named patterns
with concrete textual markers. For example, the “Concept-as-Cognitive-Infrastructure Pattern”
sensitises the system to self-correction mid-thought, evaluative language implying unstated
criteria, and real-world application without explicit framing. The phrase “that's not exactly the
ideal mindset” becomes legible as theoretical and practice-relevant engagement rather than
as casual statement. The prompt also specifies what performative integration is not, e.g.,
explicitly excluding forced connections (“This relates to what Norman said about...”) and
performative academic tone (“Upon reflection, | realized...”) from excellence indicators of
performative integration. When multiple performative integration indicators converge on high
level of performance, the prompt instructs to elevate the content review to the highest grade.

We also noted that the role of explicit reflexivity in the diaries seemed to reduce after a couple
of weeks when the students were actively involved in the project activities. It was strongest in
the early phases of the course, especially, as the design thinking approach was completely
new to most of the students and they were writing about how they felt about it. This seems
similar to performative integration in that the students, once familiar with the course and the
domain, do not anymore feel the need to explicate how they perceive their experience, but
instead, focus on working towards practical outcomes in the project-based course.

PRACTICAL CONSIDERATIONS FOR IMPLEMENTING AI-ASSISTED FEEDBACK

To our surprise, Al assistance increased rather than decreased instructor workload. Before the
use of the Al system, in 2023, the students got feedback almost solely on the superficial
technical aspects of their diaries, such as “Otherwise good diary, reflections on reading
missing.” Generating feedback on content quality is demanding and time consuming, but the
Al-based assessment enabled, for the first time, the students to receive verbose feedback
tailored on the basis of their own work reviewing their text from multiple points of view.
However, the instructor had to work now on an independent judgment, compare it to the Al’'s
review, edit a statement, and sometimes rewrite parts of the system prompt. We could process
comfortably around 50-60 diaries per week when dedicating between one to two full days for
the review.
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This experience suggests that Al-assisted assessment does not support the easy scaling up
of the learning diary assessment practice. What the Al-system does, however, provide is a
mechanism to create draft assessments in a consistent and, based on our experience, highly
reliable manner. The amount of edits the instructor had to do for individual learning diary
assessment statements kept reducing meanwhile the system prompt grow more detailed.
However, blind spots are still expected to be in the system, and the review of the next diary
might reveal a new one. The system is not yet reliable enough to be trusted on assessment
without human supervision.

Perceived effect on student performance

The students in the DTEP course were mostly bachelor’s students on their very first semester
in the university. Based on our reading of the diaries, the students were very responsive to the
feedback, even to the extent that surprised us when we saw some of them gaining the fluency
we call in this paper performative integration. We had not perceived this kind of fluency in
learning diaries from the previous years during this course, whereby, the appreciation of it and
the explicit categorisation of it in the prompt emerged together with the students improving in
their project performance and writing in connection with getting better feedback. The master’s
students appeared less responsive to the feedback and adjusted their project work or writing
less. This may stem having already learned a particular way of writing and sticking to it as
there was no penalty for low quality reflection in the grading in the NEPPI course. As such, the
experience highlights the need to consider the level of students, type of feedback format as
well as grading emphases when designing Al-assisted grading.

We also noticed that the format of the feedback seemed to influence how students perceived
it. The original format with explicit category-based structure with headings (“Reflection” and
“Reflexivity”) was dismissed by some students as too Al-like. Especially the master’s students
complained about this after the first diary feedback in the NEPPI course (personal
communication). We then changed the prompt to output the feedback in a ‘hamburger’
structure (praise-gap-encouragement) and made it shorter, focusing on only the aspects that
got lowest reviews. We then got feedback from students in both the DTEP and NEPPI courses
that they started to follow the feedback more closely after this change in the statement format.

As such, the experience suggests that when students feel that no humans are reading their
diary, they may start to seek ways of generating the text with Al and not invest personal effort
in reflective learning anymore. Some students already expressed their concerns in their diaries
that they expected the teacher not to even read their diaries. We think that teacher involvement
important, not only in terms of ensuring the quality of the feedback, but also in retaining human
connection with the students, so that they can feel been heard and seen by the senior
members of the community.

DISCUSSION

In this paper we have reported a hermeneutic process, following Candy (2006), to discover
dimensions, frames, and criteria for developing an Al-based mechanism for giving formative
feedback on reflective learning diaries to students in project-based courses. The most recent
updates to the CDIO syllabus (Malmqvist et al., 2022) suggest that we should focus on
cultivating skills also named as self-regulated learning (Wallin & Adawi, 2018) and transversal
competencies (Devika et al., 2020). A key means identified by scholars to cultivate such skills
is the use of challenge-based approaches, such as problem- and project-based methods
(Gaskins et al., 2015). Our here-reported research journey has covered 1346 individual diary
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entries from in total 164 students across three project-course instances. The development
resulted in an Al system prompt that embodies distinctions in operational format that an expert
learning diary reviewer originally held tacitly. We presented the emergence and qualities of the
two main dimensions, reflection and reflexivity, as well as five analytical frames within these
dimensions. We also elaborated “performative integration,” which appears as the silence of
explicit elaboration of rationale behind fluent domain-specific practice, which is an intended
learning outcome in the project-based courses we covered.

Noteworthily, Al had a role in the naming of the new analytical frames and assessment criteria.
This is interesting as naming is amongst the three main activities of naming, framing, and
moving, in reflective practice as outlined by Schoén (1983). The names for many of the
identified patterns were suggested by the Al. The most important may be the naming of the
frame “performative integration” which was suggested by the Al during a debate triggered by
the instruction about a single diary entry. The name stuck. It has been since used as the name
of the explicit frame and part of the assessment process that all subsequent diary analyses
have followed. Such frames, for which we do not yet have established vocabulary, are likely
to still emerge from further investigations into the realm of Al-supported educational practices.

The hereby described process was developed by one instructor working on a limited set of
courses and while using an evolving set of Al models. The practice-led approach lacks
independent validation: categories emerged from one instructor’s interpretive engagement in
their own courses and have not been tested through inter-rater reliability or across different
instructors. The learning goals of the courses reported here included learning to empathise,
to interpret, to reflect on personal experiences, on self and on personal thinking, to articulate
thoughts and ideas, and to focus on what matters; courses with other learning goals might be
less aligned with reflexive and reflective performance, but could also result in distinct reflective
and reflexive patterns not surfaced in our exploration Future work will need to examine
feedback across cohorts, transferability of the frames across courses and contexts, instructor
dependency, and Al model requirements.

Furthermore, further development is required in considering safeguards and countermeasures
in Al-assisted grading. In the current experiment, one teacher manually reviewed all the
learning diaries and kept grading consistent and fair across different students and student
cohorts despite the evolving Al prompt. Fully automating this process would need more
research. We also observed some students embedding hidden instructions for Al in their diary
text to influence the Al's assessment. We implemented technical counter measures (enclosing
anonymised text in clearly marked tags, instructing the model to treat content between the
tags as text rather than as instructions) to address the most obvious cases. We also designed
the diary assignment in a way that made it difficult for students to generate their diary entry
with Al, i.e., required project photographs, lecture and exercise reflections, personal learning
goals and explanation of how the students worked to achieve these, which would require
significant effort to generate with Al. As technology evolves, the need to recognize and prevent
misuse also presents evolving challenges to teachers interested in leveraging Al-assisted
grading to support the development and assessment of transversal skills within the CDIO
framework.
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APPENDIX 1:

Final assessment categories and main prompt contents in year 2025

Assessment Categories
I
|—— REFLECTION (Sense-Making Skills) [1-5]
|
— 1. Conceptual Understanding
| F— Core: Grasping theories, mechanisms, and principles
| — Signs: "l realized...", "basically...", mechanism explanations
| — Characteristics: Principle extraction, meta-cognition, paradox recognition
| — Patterns: Theory-validation cycle, dialectical pattern, progressive depth
| L— Excellence: "Theory Demonstration" pattern, "Retrospective Understanding" pattern
|
F— 2. Theory-Practice Integration
| F— Core: Bidirectional flow between theory and practice
| — Signs: "This matters because...", "[Author] showed me...", "With those
| | guidelines..."
| F— Characteristics: Multi-layered significance, theory-practice dialogue
| F— Patterns: Learning arc, problem-solving sequence, discovery narrative
| L— Excellence: "Personal Anthropology", "Lecture Framework Application", "Living
| Theory"
|

— 3. Critical Analysis

| F— Core: Systematic evaluation with evidence-based argumentation

| F— signs: "This worked well...", "what didn't work...", comparison language
| F— Characteristics: Criteria articulation, context-dependent judgment

| F— Patterns: Evidence-building, scaffolded evaluation, comparative analysis
| L— Excellence: Systematic evaluation using explicit frameworks

|

F— 4. Knowledge Synthesis
|—— Core: Integration across sources, contexts, and domains
— Signs: Argument building, cross-domain connections, integration markers
|—— Characteristics: Pattern recognition, thematic organization
|— Patterns: "Lecture + Literature Convergence", "Theory as Lens", "Natural
| Integration Flow"
L— Excellence: Connects 3+ different sources/domains meaningfully

L— 5. Intellectual Inquiry
— Core: Self-directed questioning and exploration beyond requirements
F— Signs: "l want to talk about...", "What if...", "I started wondering..."
|— Characteristics: Philosophical questioning, comfort with uncertainty
F— Patterns: "Wondering Cascade", "Living Inquiry"
L— Excellence: Question generation, sustained inquiry cascade

— REFLEXIVITY (Personal Development) [1-5]
|
F— 1. Personal Learning Identity
F— Core: "Who am | as a learner?"
— Signs: "I'm the kind of person who...", "I tend to...", learning preference
| language
— Characteristics: Metacognitive awareness, personal authority in learning
— Patterns: "Informed Stance", "Cognitive Process Awareness", "Progressive Self-
| Assembly"
L Excellence: Self as researcher of own learning experience

F— 2. Self-Investigation & Pattern Recognition
|— Core: "How do | investigate my own behaviors?"
— Signs: "l learned that I...", "my issue has been...", behavioral discovery
| language
F— Characteristics: Investigative stance, root cause analysis, dual-track awareness
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| L— Excellence: Behavioral forensics capability
|
F— 3. Transformative Self-Awareness
| F— Core: "How am | changing through this learning?"
| — Signs: "I've changed...", before/after comparisons, breakthrough moments
| F— Characteristics: Growth acknowledgment, perspective shift recognition
| L— Excellence: Identity-level transformation awareness
|
I— 4. Learning Challenge Navigation
| F— Core: "How do | work with my personal barriers?"
| F— signs: "Even if it's difficult...", struggle acknowledgment with strategy
| F— Characteristics: Vulnerability with objectivity, strategic weakness approach
| F— Patterns: "Even If Commitment", "Psychological Architecture"
| L— Excellence: Behavioral intervention design for challenges
|
L— 5. Emotional & Personal Significance
— Core: "How do my emotions connect to learning?"
F— Signs: Emotions as learning data, connection to values/goals
— Characteristics: Personal meaning-making, affective investment
L— Excellence: Value formation from experience

— TECHNICAL (Superficial Requirements) [0-5]
F— Word count (600+)
— Image usage and labeling
F— Literature usage (Norman or other relevant source)
— Citation format (APA/IEEE)
L— Weekly activities evidence

[— COURSE-SPECIFIC CRITERIA
|

— Engineering Excellence Recognition
— Conciseness Excellence Rule: "Brief but complete = valued"
— Design Thinking Excellence: Comparing alternatives, user-centered reasoning
L— Project Work Recognition Rule: Team contribution OR enabling others required

INTEGRATION SCREENING (Stage 2)

=

I—— Performative Integration Detection
| — "Learning so internalized that dimensional boundaries dissolve"
I
— 5 Screening Questions
| F— 1. Theory-as-Voice Check: Concepts used without citation markers?
| F— 2. Unified Performance Check: Single paragraph shows all dimensions?
| — 3. Generative Flow Check: Insights naturally birth new insights?
| F— 4. Learning-as-Becoming Check: Student becoming, not just learning?
| L—5. Naturalness Test: Could this be someone thinking aloud?
I
L— Professional Writing Recognition
— "Students writing like professionals hide excellence through:"
| F— Not explicitly stating contributions (because professionals don't)
|  F— Using "we" without detailing personal role (team-first mindset)
| L— Analyzing team dynamics without hero narrative
L— "This understated style should trigger HIGHER grades, not lower"

Assessment Stages: 4 (9 steps)
| Stage 1: Dimensional Analysis (steps 1-5)
| L— WRITE OUT complete analyses in prose before any calculations
|— Stage 2: Performative Integration Screening (step 6)
| L— Check for hidden excellence in natural writing
— Stage 3: Contextual Grading (steps 7-8)
| L— Apply week-based weights and course-specific criteria
L Stage 4: Statement Authoring (step 9)
L Create evaluation ONLY after all analyses complete
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Grading Weights by Period:
— Weeks 1-4: 100% Technical (Content for feedback only)
— Weeks 5-8: 50% Technical + 50% Content

L— Weeks 9-12: 30% Technical + 70% Content

APPENDIX 2: EXAMPLE OF WRITTEN ASSESSMENT FROM WEEK11 / DTEP 2025

This was clearly a demanding week, and you navigated it with real determination. What stands
out most is how thoughtfully you examined your own response to pressure—your analysis of
why you fall silent under stress and how your coping habits work against you shows genuine
self-awareness that many students never develop.

The one area that could strengthen your diary is deeper engagement with course theory. You
cited Norman's point about business constraints, which was relevant, but the connection to
your own experience remained fairly brief. When you mention that "making calculated
decisions at an effective pace requires skill and practice," this is exactly the kind of insight that
could be developed further—how did Norman's framework actually shape your team's
decisions this week? What did your prototyping struggles reveal about the theory? Pushing
yourself to use the literature as a lens for understanding your specific challenges, rather than
as supporting evidence added afterward, would elevate your reflection considerably.

Your resilience through circuit failures, stepping in to learn soldering when your teammate
couldn't, and delivering a complete prototype under serious time pressure demonstrates
exactly the kind of professional attitude that will serve you well. The fact that you're already
thinking about refinements for the final presentation shows admirable commitment to quality.

Content grade: 4/5

Reflection 4/5, Reflexivity 4.5/5

Technical grade: 5/5

Final grade: 5/5 (30% technical/70% content)

Dr. Salu Ylirisku
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APPENDIX 3: EXAMPLE OF WRITTEN ASSESSMENT FROM WEEK 11 / DTEP 2024
Dear [blinded],

Your reflection demonstrates strong depth as you extensively detail the technical challenges
faced during the prototype development. You provide clear reasoning for your decisions, such
as choosing a single box design over separated boxes to prevent instability. The narrative
shows excellent problem-solving progression, particularly in how you systematically
approached the LED strip freezing issue through research and testing.

Your writing displays strong reflexivity throughout. You openly share your emotional journey
from feeling "devastated" to taking decisive action. Your text reveals deep personal agency in
how you handled the absence of your teammate and technical obstacles. You show clear self-
awareness in recognizing the value of testing before permanent assembly and in
acknowledging your feelings about the rehearsal performance while maintaining hope for
improvement.

Regarding the superficial grading elements:
1. Text exceeds 600 words v
2. Images are used v
3. Images are integrated with references (Picture 1, 2, 3) v
4. External sources are referenced v

5. Citations follow academic format v
In sum, the grade will be 5/5.
Best regards,

Dr. Salu Ylirisku

APPENDIX 4: EXAMPLE OF WRITTEN ASSESSMENT FROM WEEK 11 / DTEP 2022

Otherwise good diary, reflections on reading missing.
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