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WIP: A Novel Learning Log Application
for Classifying Learning Events using Bloom’s Taxonomy

Alex Phan, Jenna Metera, Sonia Fereidooni, Cham Yang,
Minju Kim, Carolyn Sandoval, Phuong Truong

Abstract: Learning can be a daunting and challenging process, particularly in engineering. While
cognitive models for learning such as Bloom's taxonomy have been developed since the 1950s and
evidenced to be useful in designing engineering courses, these models are not commonly explicitly
taught in classrooms to help students manage and regulate their own learning. In highly demanding
curriculum such as engineering, ineffective strategies can lead to poor academic performance that
cascades throughout a student’s academic career. Feedback from traditional examinations often do
not provide personalized and actionable changes to study habits (i.e., with suboptimal scores,
students may know they need to study more, but whether “more” is effective is often unclear).
There is a pressing need to bridge the gap between study practices and learning outcomes that
enable students to regulate and improve their own learning strategies in engineering. This work in
progress paper presents initial data from a novel “learning log” application that allows students to
enter their studying activity (e.g., timed practice exam, redoing homework, reading the textbook,
practice problems), and labels the cognition level (using Bloom's taxonomy: remember, understand,
apply, analyze, evaluate, create). We present initial data from students’ logged studying activities
using the application. The logging allows students to track their cognition distribution over time,
providing data about how they engaged with course content.

Introduction

Assessment is a cornerstone of the educational process, deriving from defined learning objectives
that outline how students should engage with course material. The importance of assessment to
learning is underscored by the recognition that it serves as a guiding force for both educators and
students. The clear definition of learning objectives, as discussed in the literature [1-2], aids
instructors in selecting appropriate course content, planning lectures, designing assignments, and
writing tests. The relevance of assessment to engineering education is further highlighted by the
role of accreditation, particularly through the Accreditation Board for Engineering and Technology
(ABET). ABET, as detailed in the literature [1], conducts reviews of engineering programs in the
United States to ensure they meet specific standards. This involves a comprehensive evaluation
process, where faculty formulate educational objectives, program outcomes, course learning
objectives, and a continuous improvement process. The focus on assessment has intensified over
the past decade, particularly with the ABET Engineering Criteria directing attention toward these
aspects [3]. This highlights the importance of the relationship and alignment between program
educational goals, learning objectives, course contents, activities, and assessment within
engineering classrooms.



At the student level, metacognition, or thinking about one's own thinking processes, plays a crucial
role in the learning experience for students. Without a feedback mechanism or data on their learning
progress, students may indeed study tirelessly without effectively reaching target levels.
Metacognitive skills involve the ability to plan, monitor, and evaluate one's own learning.
Metacognition is implicitly addressed through the exploration of factors influencing students'
decisions to leave engineering [4]. Metacognition can be examined through the student lens through
their planning and decision making, monitoring their own academic success, evaluation of their
learning strategies, self-regulation and adjustment, and how all of that influences their academic
performance. Effective metacognition leads to self-regulation, enabling students to adjust their
learning strategies based on feedback and experiences. The link between metacognition to academic
performance has been clear since there are correlations between students' decisions to leave
engineering and their GPAs [5-6] . Students with higher GPAs found academic factors to be less
influential, indicating a potential link between metacognitive skills, academic success, and
persistence in engineering [4, 7]. Metacognition is essential for students to optimize their learning
experiences, make informed decisions, and adapt to challenges. Without a feedback mechanism or
data on their progress, students may struggle to develop effective metacognitive skills, hindering
their ability to navigate the complex demands of academic programs such as engineering.
Addressing both academic and emotional factors through improved metacognitive skills, ultimately
contributes to better retention and success in engineering education. While the teaching community
continues to evolve pedagogical practices [8], learning environments [9-10], and cognitive
frameworks [11] within their classrooms, student study habits and engagement with the material
outside of the classroom have largely been left to their own devices [12-13]. Despite the existence
of cognitive models for learning such as Bloom's taxonomy since the 1950s [14, 1] and their
evidence to be useful in engineering courses [15, 2, 4], students have not widely adopted these
models in their own study habits, affecting their metacognition and engagement with course
material in alignment with course objectives.

To address the challenges in alignment between learning objectives and student studying activities
this paper reports on a novel "learning log" application aimed at optimizing students' learning
experiences. The application allows students to meticulously document their study endeavors,
offering a comprehensive overview of their cognitive engagement. The "learning log" application
incorporates a user-friendly interface that enables students to input diverse study activities. These
activities range from timed practice exams and homework revisions to textbook reading and
practice problems. The application's distinguishing feature lies in its integration of Bloom's
Taxonomy, a renowned framework for categorizing cognitive skills. Each recorded activity is
accompanied by a cognitive level from Bloom's Taxonomy. Students have the option to designate
whether their engagement corresponds to remembering, understanding, applying, analyzing,
evaluating, or creating. By categorizing activities into specific cognitive domains, students gain
clarity on the nature of their learning experiences. Preliminary findings shed light on the
distribution of cognition levels across different study activities. This data offers valuable insights



into the cognitive strategies employed by students during their learning journey. This taxonomy
empowers students to discern the complexity of their study efforts and encourages a diversified
approach to learning. The "learning log" application marks an advancement in educational
technology, providing a personalized and categorized record of students' cognitive engagement. The
integration of Bloom's Taxonomy adds a layer of sophistication, enabling students to meaningfully
reflect on their learning processes. As a work in progress, this paper anticipates further exploration
of the application's impact on student outcomes and continuous refinement based on user feedback.

Background on Bloom’s Taxonomy

Bloom's Taxonomy, a widely used framework in education, was originally proposed by Benjamin
Bloom in 1956 [16]. It classifies educational objectives into six hierarchical levels within the
cognitive domain, representing a progression from lower-order thinking skills to higher-order
thinking skills. The taxonomy provides a structured way to design, assess, and evaluate learning
outcomes. We summarize Bloom's Taxonomy and its role in assessment and learning, based on the
literature provided by Tatyana V. Ramirez in 2017 [17]:

Initially, students will begin a new subject by merely recalling information, concepts, and
recognizing facts through repetition, mnemonic devices, and homework exercises. Then the
student should be able to comprehend the topic enough to discuss its basic principles
through examples. Soon after, the instructor may want the student to approach the
assessment from an evaluation point of view, where the instructor is looking for the student
to have acquired adaptive competence and critical thinking skills. Gradually, the student will
be able to apply the concepts learned processing from basic to complex skills through
activities like laboratories with specific feedback with the sole intention for improvement.
The application of the knowledge might also then lead to analysis by exploring connections
and organizing information into meaningful domains similar to writing a report. This also
might include discussing discrepancies in cases and the student might explore other personal
variables through their increased critical thinking [17].

The taxonomy introduces a new dimension, highlighting four types of knowledge—factual,
conceptual, procedural, and metacognitive—aimed at addressing diverse facets of knowledge in
learning activities. Additionally, Krathwohl's revision of Bloom's Taxonomy [14] emphasizes the
evolution of the framework, underlining the significance of metacognitive knowledge. This newly
introduced category reflects advancements in cognitive psychology, stressing the importance of
students' awareness of their own cognitive processes—an aspect crucial for effective learning.
Building on Bloom's Taxonomy, which originated in 1956 [16], the end goal has always been to
contribute to the development of students’ learning facilitated through a taxonomy of educational
objectives and in this case, specific to engineering education. The taxonomy not only classifies
educational goals but also provides precision in discussing curricular and evaluation problems. As
highlighted by Bloom, the taxonomy aids teachers in defining and exchanging information about



educational goals, facilitating curriculum development, and planning learning experiences and
evaluation devices. It aligns with the historical context, originating from a 1948 meeting of college
examiners at the American Psychological Association Convention, emphasizing the need for a
theoretical framework to enhance communication among examiners and stimulate research on
examining and education.

Background on Constructivist Theory of Learning

When receiving an education in engineering, students are not passive recipients of information but
rather active participants in their own learning process. Constructivist Theory of Learning
emphasizes that learners actively construct knowledge and understanding through their experiences
and interactions with the environment. The learning log reflects a constructivist approach by
empowering students to take charge of their learning experiences, providing a tool for them to
actively engage with course content and reflect on their cognitive processes. Learning objectives are
also critical in the constructivist approach, as they serve as guiding principles for both educators
and students. There has been emphasis placed on educators defining clear learning objectives in
advance [1, 15, 7]. Clear learning objectives help instructors in selecting appropriate teaching
methods, planning activities, and designing assessments that align with the intended educational
outcomes.

In the Constructivist Theory of Learning, the alignment between learning objectives, activities, and
assessment is essential for meaningful learning experiences. This alignment with objectives that
students' engagement with course content through various activities is directed towards achieving
the intended learning outcomes. It also allows students to self-regulate and monitor their cognitive
processes over time, contributing to a deeper understanding of the material. The collaborative and
cooperative learning approaches discussed in the literature [15] emphasize the importance of
teamwork and interaction among students, aligning with the social constructivist aspect of learning.
Constructivist theories posit that learners not only construct knowledge individually but also
socially, through interactions with peers and instructors. Activities that promote collaboration and
interaction, as well as the assessment of teamwork skills, contribute to a holistic approach aligned
with constructivist principles [17]. Moreover, problem-based learning and project-based learning
resonate with constructivist theory [2, 7]. These approaches provide students with real-world
problems, prompting them to actively seek solutions, acquire knowledge, and apply skills in a
contextualized manner. This aligns with the constructivist idea that learning is most effective when
individuals perceive a clear need for new information to solve a problem.

Learning Log Application
Grounding the work on the revised Bloom’s Taxonomy model and the Constructivist Theory of

Learning, the authors have developed a learning application that facilitates congruence between
student study activities and the intended engagement with the course material. The pilot application



for the learning log is a simple web-based interface that allows students to log into their student
account, add courses, enter the corresponding learning activities, and time spent on the study
activity. It features pre-classified learning activities for each level of Bloom’s Taxonomy to aid
students in labeling their study session (Figure 1).

The Constructivist Theory of Learning aligns well with the emphasis on active student engagement,
self-regulation, and meaningful learning experiences. Learning objectives, activities, and
assessment must align cohesively to create a conducive learning environment, as seen in the
integration of the learning log with Bloom's taxonomy and the broader constructivist-oriented
approaches discussed in the literature. This alignment ensures that students actively construct
knowledge, develop problem-solving skills, and engage in collaborative learning experiences that
go beyond rote memorization [2].

The learning log uniquely bridges the gap between metacognition, assessment, and study
techniques, allowing students to track their cognition distribution over time. By doing so, students
gain valuable insights into how their studying activities align with assessment requirements and
learning objectives. In essence, the learning log becomes a tool for effective self-regulation,
empowering students to be proactive and intentional learners in the field of engineering education.

Using the Revised Bloom’s Taxonomy, recommended activities for each cognitive level were
created and pre-categorized. Examples of these activities are listed in Table 1. Prior to utilizing the
application, students were provided background information on metacognition, Bloom’s taxonomy,
and the importance of intentional learning through meaningful activities that target specific
cognitive levels. With this awareness, students utilized the learning log to record the activities of the
study session and duration throughout the quarter. The application provided a number of
recommended pre-classified activities with the option for students to enter their own activities (to
be manually classified by the instructor) if it did not exist on the list. The application was designed
with the goal of enhancing engineering students’ studying activities, and thus, activities that
facilitated learning in engineering were prioritized and selected to be featured on the application for
students. This encouraged students to participate in practices that helped them build skills within a
specific cognitive level, and to enhance their learning by conciously changing activities to a higher
cognitive level.



Table 1. Cognitive Levels with Example Activities Labeled.

Cognitive Level

Remember

Understand

Apply

Analyze

Evaluate

Create

Study Activity or Task Description

Reread or rewrite notes or class material
Perform note recall by recalling sections of notes and concepts as a form of review
Summarize chapter, section of notes or textbook

Using flashcards or quizzes to test your understanding of key theories or concepts
Explaining a problem or concepts to a classmate(s) (in a study session, at office
hours, in class, Piazza, discussion board, etc.)

Solving practice problems with guidance and support from notes and examples

Represent a concept or problem in a different form (graphically, equation,
diagrams, explanation, verbally, etc.)

Lead and facilitate group study session to work out problems or organize concepts
Solving practice problems (from the book, notes, etc.) with minimal or no support
from notes and examples

Classify and organize problems by concepts

e Analyze case studies or real-world examples of engineering problems, identifying

key factors that contributed to success or failure.

Compare and contrast different engineering theories, models, or approaches to
understand their strengths, limitations, and applicability.

Create a concept map between major theories in the course and other courses

Engaging in a conversation about the course topic (at office hours, with a
classmate), regarding what-if scenarios and using how/why leading questions
Engage in peer review activities, providing constructive feedback and evaluating
the quality and validity of classmates' work.

Evaluate the impact of different assumptions or parameters on the overall validity
and reliability of theoretical models or simulations.

Creating new assumptions or new problems and solving them

Create diagrams that highlight interrelationships between concepts in class
Design an experiment to test a theory

Build a model based on design principles learned in class

Create an operations manual designed for non-experts

Design and facilitate a group study session that applies metacognitive learning
activities to the content.



Remembering

Gamifying Summarizing Mnemonics Reading Class  Repetition Recall Rewriting Notes
Course Material Information Patterns Material

Solving Concept RENET Peer Teaching Engaging with Annotating
Problems (with Mapping Resources Course Topics Notes
notes)

Applying to Real  Thinking Aloud Building Study Solving Representing Facilitating
World Guide Problems (no Concepts Study Group
notes)

Understanding

Applying

Analyzing

Interpreting Conducting Deep Organizing Analyzing Real Compare
Experimental Failure Analysis Questioning Concepts World Data Theories
[BEIE]

Evaluating

Evaluating Testing Limits Evaluating Discussing Peer Evaluation Exam Wrapping
Assumptions Progress How/Why

Creating New Creating Creating a Problem Creating Concept
Assumptions Diagrams Simulation Planning Problems Mapping

Creating

If your studying activity is not listed, please specify.

Figure 1. An image of the pilot learning application used by engineering students to track and improve
studying activities.

Initial Results

120 incoming freshmen, who participated in the summer transition program, were introduced to the
Learning Log in their Engineer Your Success (ENG 15) course, an academic component of the
program. Students who were enrolled in the program were simultaneously enrolled in their first
engineering course based on their engineering major. As an assignment in ENG 15, students logged
their study activities for their engineering course over the span of two weeks (students can log more
if they prefer). Figure 2 shows learning activities recorded by two different students from the same
course. Figure 3 shows learning activities from groups of students in different courses. In terms of



engagement with the application, analysis showed the following statistics of student use of the
application:

e Percent students logging between 0-5 days: 37%
e Percent students logging between 6-10 days: 44%
e Percent students logging between 11-15 days: 19%
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Figure 2. Learning activities from Student A (above) and Student B (below) show the differences in the
amount of time spent studying over 10 days and also the different levels of cognitive engagement based on
Bloom’s taxonomy.
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Figure 3. Distribution of different Bloom’s taxonomy levels across different courses. MAE 8, CENG 15,
CSE 8 and SE 9 are introduction courses to programming across four different engineering departments.
ECE 5 is an introduction to electrical and computer engineering with hands-on projects and labs. Nano 11 is

a lecture based introduction course to Nano Engineering.



Preliminary Feedback from Students

The preliminary student feedback has centered around the productivity and effectiveness of the app
on their specific study habits. However when the students reflect and provide their feedback, they
mainly focus on the interface. Initially, the interface the students were using was deemed “clunky”
at best, as some students advised. The students felt that the application was not user-friendly and
also noted that no clear directions were initially provided. Another point of contention was the
emphasis on STEM classes with this application, rather serving the greater community. Since the
first months of introducing the students to this application, there have been many improvements
made. For example, the activity input times have been modified to only include a total work time
per activity, as well as the ability to fully edit or remove activities that were incorrectly input. These
changes had great effects on the student’s cooperation to use the application. On a more positive
note, the initial application presented data in an organized categorized manner. The data is
presented in a color-coded chart divided by class and date. The students have reflected that the
categorization and time spent per category shows what is effective on their study habits. Some
suggestions for improvements have been to continue user interface improvement and provide more
implications for their continued learning. This suggestion could be to include a questionnaire at the
end of each entry to rate this study session’s effectiveness.

Discussion

While the learning log addresses the challenges of student learning outside of the classroom and
activities in alignment with learning objectives, there are many improvements to be made based on
initial results. As this is a work in progress paper, we address the current challenges and lay the
groundwork for future work.

Student compliance was one of the biggest challenges of the learning application. While the user
interface is intuitive, compliance remains an issue as the platform (web-app) makes it difficult for
students to remember to record and track. To improve compliance, a phone application or browser
extension may be improved to reduce barriers and make the application more accessible. To
increase student engagement with the application, gamification, notifications, or peer progress
sharing may help support more consistent use of the application. Future iterations of the application
to leverage personalized feedback from artificial intelligence can further support student
engagement.

In terms of the categorization and labeling of the activities, certain activities are complex and may
engage multiple cognitive levels of Bloom’s taxonomy. The application is limited to labeling one
cognitive level per activity and future improvements require more nuanced classification for
blended activities. The integration and use of Al (artificial intelligence) as the backend of the
application may help with improving categorization of complex activities. The current interface
pre-labels activities—future iterations may evolve to allow students to enter any activity and use Al



classification to distinguish cognitive levels. This significant change may improve compliance and
robustness of the application.

We recognize the importance of supporting students' self-regulation and metacognition to improve
their study strategies and learning approach. As a tool, the learning log will need to evolve to
include reflection [18] to provide a framework for students to interpret the study data and make the
adjustments to improve their learning outcomes. We anticipate incorporating reflection models such
as the "What, So What, Now What, Critical Reflection Model" [18] in the form of tips,
notifications, reminders to help students further align their activities with course learning
objectives.

We also acknowledge the limitations of self-reporting and challenges of student-self assessment. As
a tool, the learning log app is a first step to understanding students’ learning outside the classroom.
We anticipate for the application to be placed within the context of the classroom, where feedback
and quality control from the instructional team will support students’ understanding of their
progress in the courses. Additional future studies to monitor student metacognitive understanding of
their study practices can potentially provide clarity on student perception of learning strategies and
the quality of student-led study sessions.

Lastly, another significant improvement to advance the goals of the research would be to develop an
instructor-facing user interface that allows the instructors to enter their class syllabus along with
their learning objectives. This facilitates alignment between the progress of the students with the
course to the learning objectives. Early intervention or notification from the application to provide
feedback to the students of whether they are on track to meet learning objectives in time for
examinations can help students pace, focus, and redirect their learning towards more productive
activities.

Conclusion

Assessment is crucial to learning as it provides a roadmap for both educators and students to
navigate the educational journey effectively. Within an engineering program and its courses, degree
of alignment between learning objectives and students’ engagement with the material can
significantly impact assessment performance results. The learning log introduced in this work offers
an approach to help students target specific learning levels and to align study practices with
intended learning outcomes. The learning log enables students to systematically record their
studying activities, ranging from timed practice exams and homework redoing, to textbook reading
and practice problems.

Most importantly, the learning log incorporates Bloom's taxonomy to label the cognition level
associated with each activity, emphasizing the importance of various cognitive processes in
learning. This alignment becomes particularly significant in the context of engineering education,



where accreditation standards, such as those set by ABET, emphasize the integration of assessment
with educational objectives to ensure the quality and effectiveness of engineering programs.
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