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Abstract: Active learning and associated techniques such as flipped classes have been
demonstrated to have positive impacts on student learning and performance. Active
learning faces several challenges when learners apply weak learning styles. Weak learning
might happen when a student is not motivated to carry out any pre-class content activity,
actively participate in the class activity, or reflect and reinforce the learned content during
and after the class. This study explores how a gamified flipped classroom affects active
learning performance and learning outcomes. The case is related to a technical course in the
Maintenance Engineering Field, which is well known for a high rate of misunderstanding
and low learning outcomes. It is found that sequential game-boosting activities in the
flipped classroom have managed to level up students’ learning outcomes by explaining
almost all concepts with low levels of misconceptions.

Keywords: active learning; blended learning; gamified learning; boosting learning;
engineering education

1. Introduction

Active learning has been shown to have positive impacts on student learning and
performance Doolittle et al. (2023); Guimaraes and da Silva Lima (2021); Michael (2006);
Prince (2004). Bonwell and Eison (1991) defined active learning as anything that “involves
students in doing things and thinking about the things they are doing”. This definition
and its associated practices offer advantages to students, teachers, institutions, and society.
The application of knowledge through problem-solving and case studies allows students
to practice and reinforce their learning, leading to better retention Lavi and Bertel (2024).
Active learning emphasizes analysis, evaluation, and creativity, leaving lower-order cogni-
tive tasks for pre-class work Asok et al. (2016); Miyachi et al. (2016). Active learning not
only improves cognitive outcomes, but also develops additional skills such as teamwork,
problem-solving, and leadership de Menéndez et al. (2019); Gleason et al. (2011), as well as
critical thinking Nelson and Crow (2014). Active learning provides flexibility in teaching, as
it can be adapted according to the needs and levels of participation of the students Torralba
and Doo (2020). Teachers, with the help of active learning, can gain insight into student
comprehension Fazio (2020) and address individual challenges or understanding gaps dur-
ing class Otegui and Raimondi (2024). Active learning has also transformed the attitudes
and teaching behaviors of staff White et al. (2016). At the institutional level, active learning
increases course completion, as a meta-analysis study Freeman et al. (2014) found that
active learning increased average examination scores by approximately 6% and reduced
the likelihood of failing by 1.5 times compared to traditional lecturing. For society, active
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learning as a strategy is observed to have a valuable role in improving the adaptability of
students’ careers Hui et al. (2021). Moreover, active learning narrows achievement gaps for
under-represented students Theobald et al. (2020).

Despite the potential benefits in improving student engagement, performance, and
learning outcomes and the increasing trend in the use of active learning Limaymanta
et al. (2021); Martella et al. (2021), active learning presents several challenges, including
pedagogical aspects (student preparation, higher-order thinking), practical aspects (work-
load, resources, learning environment collaboration, and communication), and institutional
(institutional support and cultural resistance) aspects. Among the practical obstacles, there
is the limited time available to cover the entire content of the discipline in the classroom, the
need for time to develop the strategy before its application, the difficulty in implementing
the method in large classes, the idea teachers have about being good lecturers themselves,
and the lack of resources, materials, and support equipment Konopka et al. (2015). In fact,
student resistance and low rates of instructor persistence with active learning have gained
increased attention from the academic community Owens et al. (2020). Active learning often
requires pre-class study Emily et al. (2021), which can increase the study workload for stu-
dents. Moreover, it requires cognitive effort to perform high-order thinking in the classroom
Deslauriers et al. (2019), which might contrast with the passive listener role that students
are used to Konopka et al. (2015). The flipped classroom is a prominent example of active
learning Collado-Valero et al. (2021). Although the flipped classroom model has proven its
effectiveness in enhancing student learning, several challenges hinder effective learning,
including time constraints, low motivation for pre-class work, insufficient guidance outside
of class, concerns about quality with recorded lectures, and limited access to technological
resources and the adoption of the flipped classroom Baig and Yadegaridehkordi (2023).

By employing diverse instructional strategies, leveraging technology, and incorpo-
rating robust evaluation methods, educators can effectively address these challenges and
enhance student engagement Mercan and Varol Selguk (2024); Nguyen et al. (2021). For
example, flipped classrooms have been shown to increase the achievement of learning out-
comes when quizzes are included in their design van Alten et al. (2019). Another example is
the model "Fail, Flip, Fix, and Feed” Kapur et al. (2022), in which students are first asked to
participate in the generation of solutions to novel problems, even if they fail to generate the
correct solutions, before receiving instructions. The use of technology, such as robots, which
is related to active learning strategies, can contribute to better outcomes in mathematics
education Lopez-Caudana et al. (2020). Research indicates that interactive approaches
such as games can improve active learning Goksiin and Giirsoy (2019); Halachev (2024);
Hassan et al. (2019); Kutergina (2017); Zhang et al. (2024). For example, active learning
was used through a problem-based collaborative learning methodology, using Kahoot!,
a game-based learning platform that demonstrated a statistically significant increase in
student conceptual understanding and exam performance, according to their individual
perceptions of active participation and time spent in active learning Ting et al. (2019). The
effectiveness of gamified learning can be influenced by dynamic elements such as narra-
tive, progress, and relationships; mechanics elements like rules, challenges, cooperation,
and coordination; and game components like badges, points, leaderboards, and levels
Jabbar and Felicia (2015); Werbach and Hunter (2012). It should be noted that notable
enhancements in terms of learning outcomes have been observed due to gamified learning
without a corresponding increase in the intrinsic motivation of students Ferriz-Valero et al.
(2020). The facilitation of the gamification approach, the types of badges, and technical
issues are identified as factors that can limit the influence of the gamified learning approach
Ding (2018). In another study Kyewski and Kramer (2018), the badges had less impact on
motivation and performance than is commonly assumed.
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More exploration of the specific needs and challenges facing students and educators
in gamified learning is required Mercan and Varol Selcuk (2024). At the University of
Stavanger, a course on condition monitoring and predictive maintenance combines several
emerging technical concepts and techniques that usually confuse students and affect their
learning performance and outcome. As part of the enhancement plan for this course,
the course was transformed into a project-based course to enable students to gain job-
required skills, and the classes were transformed into flipped classrooms to perform an
active learning approach. In Figure 1, the three stages of flipped classroom technique are
illustrated, including student preparedness (pre-class study) and student engagement in
the class, followed by a reflection and assessment of learning outcomes after the class. In
spring 2023, the interactive gamified whiteboard was introduced to enhance engagement
and the level of understanding. However, the improvements in the understanding level and
misconception rate were not satisfactory, based on the results after assessing the concept
assignment. In spring 2024, as shown in Figure 1, the same gamified flipped classroom
workshops were conducted, and the level of understanding and the misconception rate
were more satisfactory. This difference triggered this study to examine the methods, results
and discussions to explain the higher level of understanding observed in 2024.

Several speculations came to mind, such as students being more engaged and moti-
vated in 2024 compared to 2023, studying more, or the gamified flipped classroom being
more effective this round. Therefore, the main research question in this study is “What
are the key aspects that influenced the learning outcome in 2024 compared to 2023?” This
study covered and analyzed the following aspects: (1) learning outcomes in completing the
post-class assignment, (2) student self-study performance, (3) student profiles, (4) gamified
flipped classroom performance, and (5) course evaluation survey. A retrospective case
study is conducted to analyze these five listed aspects. In the following section, active
learning, blended learning, the flipped classroom, and gamified learning are explained.
Later, the course of interest is described. Then, in Section 3, the results of the case are
analyzed and discussed. The paper concludes with conclusions on novel practices that can
be applied to the flipped classroom with the game-boosting learning technique.

Achieved
Learning
outcome

Out-side
class

Student
preparedness

In the
class

Student
engagement

2023 low [ 1 High [ wedur
| | X
2024  low [ 1 High [y High

Figure 1. Flipped classroom process and associated results for two different years.
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2. Materials and Methods

In this section, the basic theoretical background is provided on active, blended and
gamified learning. Later, detailed descriptions of the course and gamified flipped classroom
materials and setup are provided, followed by the detailed methodology.

2.1. Active Learning

Active learning practices are affected by the adapted definition and the applied strategy
Driessen et al. (2020). Bonwell and Eison (1991) have coined the most common definition
of active learning as anything that “involves students in doing things and thinking about
the things they are doing”. Prince (2004) has defined active learning as any “instructional
method that engages” students in the learning process. Graffam (2007) stated that “for
learning to be active, learners need not only to do something, but also to reflect on what they
are doing”. Felder and Brent (2009) defined active learning in comparison to traditional
lecturing as anything related to the course that students are asked to do other than simply
watching and listening to a lecture and taking notes. Freeman et al. (2014) defined active
learning as a higher-order, collectively engaging thinking mechanism. They defined active
learning as anything that engages students in the process of learning through activities
and/or discussion in class, as opposed to passively listening to an expert, and often involves
group work. Several studies Doolittle et al. (2023); Driessen et al. (2020) aimed to analyze
the definition of active learning and emerging practices. In summary, Doolittle et al. (2023)
highlighted that active learning can be defined in various ways as interacting (engagement),
group work, scaffolding (constructivism), application, and problem-solving. The most
common definition of active learning was “interacting/engaging” with the material and
the second most common categorized definition was “not lecturing/listening”, followed
by “group work”. It was also found the most frequently represented strategy categories
from the surveys were discussion (34%), group work (29%), and meta-cognition (45%). In
terms of active learning strategies, a combination of the following strategies can be applied:
problem-based learning /problem solving, flipped classroom/inverted classroom, small
groups/group work, team-based learning, discussions, case-based learning, simulations,
games/board games, project-based learning, clickers, Q&A /questioning, debates, etc.
Nguyen et al. (2021) present a summary list of specific explanation, facilitation and planning
strategies as follows: (1) establish expectations; (2) explain the purpose; (3) approach
students to assist and provide feedback and direction to students during the activity and
monitor students or teams who need help with the activity; (4) encourage students and
create a supportive classroom environment; (5) design appropriate activities that involve
participation and balancing difficult and time-consuming activities; (6) create group policies;
(7) align the course and ensure that the activity connected with lecture, homework, or other
forms of assessment; and (8) review student feedback by encouraging students to give
feedback related to an activity to update and improve the course.

2.2. Blended Learning

In addition, the COVID-19 pandemic has impacted and required active learning
techniques to accommodate the online environment including virtual simulations, on-
line collaboration tools, and interactive multimedia Maldonado-Trapp and Bruna (2024).
University courses moved more toward hybrid or blended learning to provide engaging
learning opportunities to students by combining a face-to-face medium of instruction with
online learning opportunities. Blended learning, as defined by Dziuban et al. (2004), is
an instructional method that includes the efficiency and socialization opportunities of the
traditional face-to-face classroom with the digitally enhanced learning possibilities of the
online mode of delivery. Sala et al. (2024) highlighted that the adoption of blended learning
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strategies in the engineering field increases student engagement in the learning process,
provides additional flexibility to their educational path, and allows them to acquire the
necessary skills to be competitive in the job market and in the industry. Kumar et al. (2021)
stated that blended learning is a hybrid and intermediate stage between in-classroom in-
structions and the delivery of the content in a fully online mode. Bozkurt (2022) highlighted
that blended learning offers learning experiences that involve the different factors shaping
each modality, such as time, space, path, and pace, through sequential or parallel designs.
However, it was observed that the main concern was the efficiency and effectiveness of the
online modality, which can hinder the blending of the two modalities by the neglect shown
to the on-site modality Bozkurt (2022). It can be concluded that blended learning is often
an effective enabler of active learning strategies, as long as it involves active learning and
balances online and on-site activities.

2.3. Flipped Classroom Learning

Active learning is often combined with flipped classrooms Collado-Valero et al. (2021);
Emily et al. (2021). Flipped learning is defined Bergmann and Sams (2012) as a teaching
method in which “what is traditionally done in class is now done at home and what
is traditionally done as homework is now completed in class”. Flipped classrooms are
an effective way to motivate students as they use technology Tomas et al. (2019); Yildiz
et al. (2022) and improve student engagement and satisfaction Wang and Zhu (2019).
Time constraints, low motivation for pre-class work, insufficient guidance outside class,
quality concerns with recorded lectures, and limited access to technological resources and
the adoption of the flipped classroom are the main challenges that flipped classrooms
are facing Baig and Yadegaridehkordi (2023). Learning management systems contribute
significantly to the support of flipped classroom learning and make it more effective
Baig and Yadegaridehkordi (2023). Employing diverse instructional strategies, leveraging
technology, and incorporating robust evaluation methods can also effectively address these
challenges and enhance student engagement Nguyen et al. (2021).

2.4. Gamified Learning

The key challenges facing modern education are often attributed to the lack of partici-
pation and motivation of students to actively participate in the learning process Li et al.
(2023). One potential solution to address this issue involves the utilization of game elements
Kiryakova et al. (2014). Deterding et al. (2011) defined gamification as the use of elements
from games (e.g., points, badges, leader boards, and challenges) in non-gaming environ-
ments. It is important to distinguish gamification from game-based learning. Gamification
utilizes components of games in real-world situations, while game-based learning employs
full-featured games to provide skill or knowledge Dahalan et al. (2024). Several studies
Landers (2014); Zaric et al. (2021) explain that gamification does not directly affect learning
but could be a mediator or moderator agent. Landers (2014) explained that gamified learn-
ing can be a mediator when the instructor uses it to encourage learning behavior, e.g., to
engage and increase the student’s motivation to affect the learning outcome. However, it
can be a moderator when the instructor utilizes it to directly increase the learning outcome,
e.g., by playing the game several times. Faiella and Ricciardi (2015) highlight that there is
wide agreement about the need for customization of gamified learning to address the vari-
ous student profiles that make up the class. Eight key considerations for designing effective
gamified learning experiences and customizing the gamified learning have been extracted
An (2020): (1) incorporating meaning; (2) emphasizing user-centred design; (3) integrating
challenges, personalization and feedback; (4) providing choices and fostering autonomy;
(5) balancing the risks and benefits of extrinsic rewards; (6) encouraging social interaction
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and a sense of relatedness; (7) addressing the dynamics of competition versus cooperation;
and (8) viewing failure as a valuable learning opportunity.

There are digital tools that are transforming interactive classrooms by fostering col-
laboration, supporting various pedagogical approaches, enhancing both in-person and
remote learning experiences, and engaging students and teachers. For example, Miro is
an online whiteboard platform that offers a versatile environment for sharing in real-time
and multimedia interaction, making it a valuable tool for educational settings Brandao
et al. (2021); Chan et al. (2023); Jing and Canter (2023); Johnson (2022). However, Miro, as
with any tool, comes with a learning curve and requires some time to become familiar with
Chan et al. (2023).

2.5. The Course of Interest

The course of interest in this study is the “Condition Monitoring and Predictive
Maintenance” course, which is a 10 European Credit Transfer and Accumulation System
(ECTS') and has the code IAM540. The author has been teaching this course since 2017 and
has continuously updated it. It is a master-level course, provided as a compulsory subject
for the industrial asset management study program, as an elective subject for several study
programs and exchange students, and as an open-to-the-public single course. This course
has three sets of learning objectives, described in Table 1: (1) knowledge and concepts,
(2) skills, and (3) general competence and attitude. The course was updated with several
updates in terms of teaching setup, learning activities, and assessment methods. In 2016, the
course was offered as a 5-study point course (ECT) and a traditional lecture-based course
with a final exam (multiple choice and descriptive questions). This course setup was maybe
good for assessing the knowledge outcomes but not the skill and competence outcomes.

Table 1. Course learning objectives University of Stavanger (2024).

Objective Set

Learning Objective

Knowledge

Gain a comprehensive understanding of condition monitoring (CM), condition-based
maintenance (CBM) and predictive maintenance (PdM).

Gain a comprehensive understanding of common machine faults: causes, mechanisms,
symptoms, and modes.

Gain a basic understanding and theories behind the monitoring techniques, e.g., vibration,
acoustic emission, ultrasonic, oil-debris, thermal and process parameters.

Gain a basic understanding and theories behind signal analysis, diagnosis and

prognosis analysis.

Gain a basic understanding and theories behind the non-destructive testing (NDT) methods
such as penetrant, flux leakage, eddy current, and radiography.

Skills

Be able to apply the project execution model to design monitored and PdM-ready equipment
and deliver concept and front-end engineering (FEED) studies.

Be able to perform engineering analysis methods, e.g., failure mode analysis, symptom
analysis, sensor diagnostic coverage analysis, and PdM concept study.

Be able to perform time and frequency domain signal analysis.

Be able to perform diagnosis analysis and determine the fault type, location and severity level.
Be able to perform prognosis analysis (physics-based and/or data-driven) to predict the
remaining useful lifetime.

General competence

Can analyze relevant academic, professional, and research ethical problems.

Can work in teams and plan and manage projects.

Can apply his/her knowledge and skills in new areas in order to carry out assignments
and projects.

Can communicate about academic issues, analyses and conclusions in the field, both with
specialists and with the general public.
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In the following subsections, the course historical background, course setup (modules
and timeline), concept assignment, gamified flipped classroom, game boards, and game-
playing approach are described.

2.5.1. Course Historical Background

Since 2017, several updates have been made to improve learning outcomes using
various emerging teaching, learning, and assessment activities, as illustrated in Table 2.
The first update was to transform the course into a project-based learning course to enable
students to gain the required skills and competency in this discipline. The course project
was used some years ago as an assessment method rather than a learning method. So, it
was mostly performed at the end of the course and the learning was not aligned with the
project, at least from a time perspective. Project-based learning was selected because there
is a clear curriculum that should be covered and there is a clear work process and methods
that graduate students are expected to perform in the industry later. The course project
had to follow specific project tasks; however, to some extent, problem-based learning was
also merged into the course project, where a group of students selected a specific case
(industrial system or equipment) and explored new monitoring concepts. There were two
critical issues to be handled in the next round of the course: (1) students had a lack of skills
in analyzing any industrial system and understanding how it works and is constructed
and maintained, and (2) there are several concepts that require students to experience them
using professional instrumentation and software to gain better understanding and skills.

Therefore, in 2018, the course merged two more learning activities. The first learning
activity is the system analysis skills, in which the student has to analyze any industrial
system in a systematic and systemic manner (holistic, lifecycle, interfaces). The second
activity was to conduct the condition monitoring laboratory, where a new fault simulator
test rig was installed at the asset lab at the University of Stavanger and was equipped with
a commercial monitoring system. Although the course was still open for single-course
students and as an elective course for several study programs, the number of students
decreased to 85 in 2018, as the course project started to be more demanding and it seemed
that there were other elective courses that were easier to complete. The students performed
much better in this course round as systems thinking and analysis skills were embedded in
the course project, and more hands-on skills were also gained in laboratory experiments.
However, there were some procrastination issues related to student groups and group
performance; some students were taking this course as a compulsory course and some are
taking it as an elective course or as exchange students.

In 2019, to avoid project procrastination, the project was partitioned into three parts.
The students had to submit each part one time and would receive informative written
feedback to improve their understanding and grade. Moreover, the compendium, which
was based on several chapters and scientific papers appended, was required to be upgraded
with more job-embedded content to support the course project in a more practical way. To
produce job-embedded content, work processes, methods, and worksheets were extracted
from industrial partners and embedded into the lecture notes.

In 2020, and due to the COVID-19 pandemic, the course content was streamed and
recorded. The pandemic affected the course project performance as students had to work
remotely and we had to assess individual performance in a more robust manner. Thus, in
2021, two assessment activities were added: (1) a concept assignment to assess the student’s
understanding of the main concepts and principles and (2) a reflection assignment to assess
the individual student’s understanding of the project work, results, and performance. In
2022, a new set of animated videos was created to shorten the recorded videos, and the
lecture notes were transformed into a new course compendium.
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Table 2. History of course updates.

Updated Aspect 2017 2018 2019 2020 2021 2022 2023 2024
No. of students 47 37 34 42 35 16 26
Lectures X
Project-based learning X

Systems thinking skills

Lab exercises

Project partitioning and feedback

Job embedded content

Digital context, streamed lectures

Introduce individual concept assignment
Introduce individual reflection assignment
Animated videos

Lecture notes based compendium

Expand the course from 5 to 10 Ects

Active learning with a flipped classroom
Cloud-based and non-coding machine learning

P
XX K R XX
XXX XX KX P

P I I N e P
XK K XK KKK KK

HXXXXXX XXX X XXX
HKXXXXX XXX X XXX

In 2023 and 2024, a new version of the course was introduced, as the course expanded
to 10 ECTs. The expansion was to accommodate several needs as follows: (1) provide more
time for students who always express that the project of the course is time-consuming and
too much for the 5 ECT course, (2) add new and up-to-date software and technologies
required to learn the predictive maintenance module, and (3) offer more teaching time
to enable active learning with an interactive digital learning environment (Miro board
Miro (2024)). In the Norwegian context, five study points (ECTs) are about five hours of
learning per week, including teaching hours and student learning. This practically means
that you have two hours of lecturing per week, which is not enough to flip the classroom
and perform active learning. With a course of 10 ECTs, the course can have a four-hour
lecture and six hours of learning per week. The course evaluation (performed at the end of
the semester) shows that students spend approximately 10 h per week, which is a good
indication that the course content and projects are in line with the student’s capacity.

2.5.2. Course Setup

The purpose of the course is to enable students to gain the knowledge and skills
required for professional condition monitoring engineers. Therefore, students are expected
to perform the following tasks: (1) study the course compendium (lecture notes) and
perform the concept assignment that counts for 20%; (2) learn signal analysis and perform
the laboratory assignment, which counts for 20%; (3) work in a group and carry out the
course project together with your group member or alone; (4) present orally the course
project (not graded); (5) submit the course project report, which counts for 30%; and
(6) perform the reflection assignment that counts for 30%.

The course timeline is designed to start with a traditional introduction lecture in
which objectives, modules, assignments, and expectations are clarified, followed by four
workshops where the gamified flipped classrooms are conducted weekly, as described in
Table 3. Each workshop is approximately three hours (45 min sections and a 15 min break).
Meanwhile, students are expected to study the introduction chapter (39 pages) and view
14 videos. In 2024, 26 students registered for the course, and 20 students were active either
physically or remotely, with one student who joined one month late.
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Table 3. Course timeline until the concept assignment submission.

Date Description Lecture Type

28.8 Introduction to IAM540 Traditional

49 Condition monitoring techniques Gamified flipped classroom
119 Early dialogue session 15 min discussion

11.9 Time Waveform analysis Gamified flipped classroom
18.9 Frequency Domain analysis Gamified flipped classroom
259 Machine faults, Diagnostics and Prognostics ~ Gamified flipped classroom
30.9 Concept Assignment, Extended to 4th October

2.5.3. Gamified Flipped Classroom

The gamified flipped classroom was applied to support students to participate and

engage in the course and enhance their learning concerning concept assignment. There

are twelve sets of concepts that are fundamental for students to understand in this course.

To gamify the flipped classroom, 12 game boards were created in Miro, as described in

Table 4. The game boards have various ways to be played: classify the cards into the correct

categories (as illustrated in Figure 2), or place the cards in the right place to construct a

work process (as illustrated in Figure 3), curve, equation, etc.

Table 4. Miro boards.

No. Board Title Board Description
Bl  PdMin RAMI4.0 Define the 1r}dustry 4.0 architecture, layers and predictive maintenance
(PdM) functions
B2  Asset Hierarchy Defme the asset layers and apply it on equipment from a new context
(wind energy)
B3  P-Fcurve Defm'e thg potential (P) and functional (F) failure points on the
deterioration curve
B4 Monitoring techniques Discuss different monitoring and inspection techniques and compare them
B5  Vibration versus AE Compare results from vibration and acoustic emission (AE) for detected fault
L . Compare results from vibration and ultrasonic for detected fault under
B6  Vibration versus Ultrasonic . . s
different rotation speed conditions
Compare between condition monitoring (CM), condition-based maintenance
B7 CM, CBM, PdM (CBM) and predictive maintenance (PdM) in terms of functions, techniques
and benefits
B8  Uptime and downtime plot Identify the- dlff?rence bgtween. rehablhty, ma-mtamablhty, supportability,
dependability, time to failure, time to main, time to support
B9  Failure Event Reflect the terms (failure cause, mechanism, mode, symptom, effect) on the

failure curve

B10 Failure Engineering Methods

Define the s between failure mode and effect analysis, failure mode
and symptom analysis, diagnostic coverage analysis, and predictive
maintenance analysis

B1l PEM for PdAM

Fit the engineering analysis into the project execution model (PEM) and
industrial work process to build a predictive maintenance (PdM) program and
identify the decision gates and required tasks

B12 1SO17359

Construct the work-process to engineer a condition monitoring system
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Figure 2. Game board 2: monitoring and inspection techniques.

1SO17359

Project Phase

Identify equipment

Identify function _

Identify failure modes, effects and symptoms

Determine the prognostic technique

Joker!

Take measurements and trend readings
Compare measurements with alarm criteria
Perform diagnosis and prognosis

Check if the confidence levels of the diagnosed

and prognosed results are Acceptable

Check if the failure symptoms

are measurable

Review the entire process

Determine required maintenance action
Feedback results to history record
Check if measurements are abnormal
Produce reliability block diagram
Determine the diagnostic coverage
Select measurement location

Set initial alarm criteria

Select measurement techniques
Determine the diagnostic technique
Identify parameters to be measured

Establish equipment criticality
and consequence classification

Figure 3. Game board 12: building condition monitoring flowchart.

2.5.4. Game Playing Approach

The classroom was prepared for the gamified flipped classroom workshop, where

three tables were equipped with a large screen where the Miro game board is visible for all

group members and it is easy to zoom in and read the text on the cards. As can be seen in

Figure 4, the group members are around the table and trying to read and place the card

at the right location, some are reading, some are thinking (e.g., hands on the chin indicate

that a person is engaged in serious consideration), and others are reading the lecture notes.
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Miro Board

Course
Compendium

Class Notes

Figure 4. Game set up and students’ interactions with the digital game board.

In 2023, the game boards were played in a single round, where each group of students
had 15 min to play, and after the time ended, the instructor provided the correct answers
with some explorative descriptions. However, in 2024 and at the beginning of the second
gamified flipped classroom workshop, students requested a slower and more explanatory
mode of play, as shown in Figure 5. Therefore, it was agreed to play multiple rounds
(maximum three due to time limitation) until one group had all the cards correctly answered,
and after each round, the correct cards would be counted.

Course code / subject name: Number of credits:
IAM540: Condition Monitoring and Predictive Maintenace 10 ECTS

semester taught:

Fall 2024

Topics covered by the dialogue and question asked in survey:

Lectures: How do you find the lectures?

e C(Clear and interactive, good feedback about Miro and the class discussion, maybe a little bit
slower and more explanatory.

Figure 5. Snapshot from the course early dialogue report, 11 September 2024.

2.5.5. Concept Assignment

The concept assignment was introduced to encourage students to study the com-
pendium and follow up at the lectures. The concepts covered in this assignment are
fundamental for the student to learn the condition monitoring subject and also to carry out
the course project. The course compendium (lecture notes) and the course videos provide
clear answers for all questions (shown in Table 5) in the concept assignment. The game
boards were created to engage the students, let them read the cards (texts are taken from
the lecture notes), discuss, and agree on the answer. Questions (10, 11 and 12) in the concept
assignment did not have game boards related, as the teaching staff believed that related
concepts could be better explained using the traditional presentation method.
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Table 5. Concept assignment description.

No. Question Related Miro Board

Q1 What are the similarities and differences between condition monitoring B7
(condition-based maintenance) and predictive maintenance?

o) Explain the main stages/steps in ISO 17359 standard, and what is the B12
logic behind its sequence?

Q3 What are the main potential benefits of the Predictive Maintenance B8
program over the condition monitoring program?

at are the differences between , , an ?

Q4 Wh he diff b FMECA, FMSA, and PAMA? B10
What is the difference between performance monitoring and health
monitoring techniques? which one is more accurate in providing an ear

Q5 itoring techniques? which i in providing ly B4
fault indicator?

xplain how can the vibration technique be etftective to detect machine

Q6 Explain h he vibrati hnique be effecti d hi B3. B9
faults e.g., imbalance, misalignment? !
What is the principal difference between the AE technique and the

Q7 Ultrasonic technique? B4, B5, B6

08 What are the capabilities and limitations of the Infrared spectroscopy and B4
Debris counter techniques?

Q9 What is the difference between Non-Destructive Testing (NDT) techniques B4
and monitoring techniques? please use an example to clarify that.

Q10 What are the capabilities and limitations of the time-domain No board
detection analysis?
What are the capabilities and limitations of frequency-domain

Qi detection analysis? No board

Q12 What is the difference between trend projection prognosis and No board

extrapolation prognosis?

2.6. Methodology

The methodology applied in this study is a retrospective case study for the selected
course that had implemented a gamified flipped classroom. As mentioned earlier, the same
gamified flipped classroom workshops were conducted in 2023 and 2024, and the level of
understanding and misconception were more satisfactory in 2024. Therefore, this study
aims to examine and critically explain the higher level of understanding observed in 2024
compared to 2023. Moreover, all learning activities (workshops, assignments, grading)
already occurred before the study begins, since the difference in level of understanding was
observed after assignments were graded. The retrospective case study approach is effective
for critically examining methods, results, and discussions to determine if the conclusion is
reasonable and could be applied to practice Kobrin (2016), Nowak et al. (2016) Lobos et al.
(2024). Mills and colleagues Mills et al. (2010) highlighted that a retrospective case study
is useful when investigators cannot observe events that occurred prior to the outcome. A
retrospective case study can also be used to gain a degree of emotional distance from events
Al-Najjar et al. (2024) and examine sudden changes that were not expected to be studied
Pilotti et al. (2023) or examine changes in classrooms over several academic years Doron
and Spektor-Levy (2019). Mills et al. (2010) stated that all retrospective case studies are
characterized by three key elements: (1) data collection takes place after the relevant events
have occurred, (2) researchers draw on first-hand narratives and/or archival sources, and
(3) the outcomes of the case are already established at the time of data collection. Hess
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1. Analyse the
students learning
outcomes
(assignment
answers)

(2004) explained that in retrospective case studies, data are previously collected for some
other reason than research.

To answer the main research question of this study, “What are the key aspects that
influenced the learning outcome in 2024 compared to 2023?”, several data sets are required
to be collected and analyzed. The learning outcomes are influenced by a variety of factors
that can be categorized into the level of the learner (motivation and attitude Chen et al.
(2023), prior experiences Lim and Morris (2009), instructional (the richness of the learning
materials and the level of interactivity Chu and Huang (2024), and contextual elements,
mainly the learning environment Creemers and Kyriakides (2010)). Therefore, this study
aims to analyze all these aspects in a retrospective approach. This study covered and
analyzed the following aspects, as illustrated in Figure 6: (1) learning outcomes in com-
pleting the post-class assignment, (2) student self-study performance, (3) student profiles,
(4) gamified flipped classroom performance and (5) the course evaluation survey. This
retrospective study did not start until the course was completed and the grades were regis-
tered. Thanks to digital learning environments such as Canvas and Miro, all teaching and
learning activities are recorded and can be analyzed after the course is completed. In fact,
what triggers us to analyze this case and write about it is the student performance reflected
in the concept assignment outcomes (grades, correct answers, fewer misconceptions) and
the course evaluation results. Both sets of results were unique compared to previous years
of teaching the same course.

4. Analyse game
2. Analyse student 3. Analyse student o 5. Analyse course

erformance (self- rofiles & predict i ’
_) p i _) IZarning oEtcome —) game playing —) evaluation survey
approach

Figure 6. Research methodology for this study.

2.6.1. Analysis of Learning Outcomes

The analysis of learning outcomes is based on the student’s written answers to the
concept assignment, where incomplete, misconception, and hallucinated answers were
analyzed. An incomplete answer refers to a response or explanation that lacks sufficient
detail, depth, or information to fully address a question or issue. An answer with a
misconception refers to an answer that is wrong or inaccurate. The hallucinated answer
in this study refers to a response generated by the student or artificial intelligence that
includes plausible-sounding content that is not based on factual information or has high
conceptual ambiguity. An example of a correct but hallucinated answer that has added a
high level of conceptual ambiguity is the following answer in quote 1.

Quote 1: “Time domain technique is ineffective for Complex Systems, Not ideal
for systems with multiple overlapping signals or separating out components of a
multi-frequency system”.—Student 1, Concept assignment, Answer to Question 10

The terms “complex systems, not ideal, overlapping, multi-frequency” are all generic
terms and not well defined or specific. To make such an answer clearer and persuasive, ex-
planations and examples are required. For example, the sentence “Time domain technique
is ineffective for Complex Systems” shall further define the complexity as “specifically
when several components and faults are involved”. The term “not ideal” is not explanatory,
as none of the techniques in signal processing can be ideal. The term “overlapping” should
be explained with a clear example, as vibrations of two different components might have
the same frequency peak and overlap with each other.
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2.6.2. Student Learning Performance Analysis

To explore the student learning performance, especially the self-study performance,
the course analytics provided by the learning management system (i.e., Canvas) were
utilized. Canvas collects data on weekly page views (Figure 7) and detailed video viewing
performance (Figure 8).

Course gr: Weekly Online Activit c

Total Page Total 5
1,323 views 43 particpations M I

o
§ s / \
> 147 P g e
g - —e—1\ e
% /' . ) /‘ . . ) 4 . \\k

: e \

12008 19/08  26/08 02009  09/09  16/09 2309 3009 0740 1410 2110 2810 0411 Y11 1841 2511 0212 0942 1612 2312 30112 0601 1301

Participations

Figure 7. Snapshot of the page viewing data collected by Canvas.

Introduction Video

Welcome to IAM540,

Hope this animated video gives you a good understanding of the course content.

IAM540 Intro to CM and PdM

Number of Plays

& ' § o i &
Viewers
Q Search Viewers Download CSV
Viewers » Completion
rate
97% 1l
100% olla
100% oo
100% ol
74% o

Figure 8. Snapshot of the video watching data collected by Canvas.

These two measures provided by Canvas can be effective indicators for self-studying
performance. Although these indicators cover cases where students viewed the course
pages without studying (e.g., surfing), downloaded the lecture notes and studied offline, or
ran the video without watching, these indicators still provide a good generic indicator of
the student’s self-performance.
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2.6.3. Student Profile Analysis

To analyze student profiles, the main features considered were the type of student
(single subject, full-program student or exchange), whether they had relevant experience,
whether they were working full-time, self-study performance, and attending gamified
flipped classrooms. It is worth mentioning that each student has a unique learning profile
or style due to various intrinsic and extrinsic motivations, cognitive abilities, emotional
states, prior experiences, and the ability for social interaction. However, based on teaching
this course for eight years, it was understood that a self-prediction mechanism of the
student learning outcome is heuristically built based on generic student profiles considering
teaching activities, self-learning activities, experience, and self-motivation. We usually have
students who are engaged and participating in class learning activities and others who
are not, due to work conditions, distance, or unwillingness. We also have students who
are motivated and have the capacity for self-study and others who are not due to being
busy, procrastinating, or unwillingness. Furthermore, we have students who have valuable
experience that helps them understand the subject and others who do not. Students might
also differ in their goals or intention to study this course; most of the students are taking this
course as a compulsory course to earn a master’s degree, and some students are studying
this course as exchange students or as a single elective course. Taking into account class
attendance, self-study, and experience level, and as a teacher, student performance can be
simply predicted, as described in Table 6. Fundamentally, this assumes that students who
attend and perform all the class learning activities, perform the required self-study, and
have relevant experience would probably achieve high learning outcomes. Students who
do not attend or perform class learning activities, do not perform the required self-study,
and have no relevant experience would most probably achieve low learning outcomes. Any
other combinations will most likely result in medium learning outcomes.

Table 6. Student features and predicted student learning outcome based on teacher experience.

Class Experience Predicted Student
Student Type Attendance Self Study II)ﬂevel Outcome Level
Attending class, self-studying and has experience High High High High
Attending class, self-studying and no experience High High Low Medium
Attending class, not self-studying and has experience High Low High Medium
Attending class, not self-studying and no experience High Low Low Low
Not attending class, self-studying and has experience Low High High Medium
Not attending class, self-studying and no experience Low High Low Low
Not attending class, not self-studying, has experience Low Low High Low
Not attending class, not self-studying, no experience Low Low Low Low (Very)

As a teacher of this course, I knew that student outcomes usually followed the normal
distribution in previous years, where the mean is around the medium learning outcome,
and some students end up with a high and others with low learning outcomes. However,
for this course round (fall 2024), the actual student learning outcome was higher than the
predicted student learning outcome. In fact, this difference triggered the exploration of this
case and prompted me to write about it. To explain the difference between predicted and
actual outcomes, a confusion matrix was used, as shown in Table 7. The confusion matrix
is a well-known illustration in the machine learning field to evaluate predictive methods in
which actual values are compared to predicted values, and missed predicted values are
illustrated and counted in overall accuracy. The scores in the concept assignment and the
quality of the answers are used to provide the actual student learning outcome.
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Table 7. Confusion matrix of student learning outcomes.
Predicted Class
High (H) Medium (M) Low (L)
High (H) H
Actual Class Medium (M) M
Low (L) L

2.6.4. Classroom Performance and Course Evaluation Analyses

The attendance of gamified flipped classrooms is recorded and considered. The
learning performance (correct game cards) in several game rounds is analyzed for each
game board and each group of students. The University of Stavanger conducts the course
evaluation survey at the end of the course where students are asked to rate and comment
on several aspects: study load per week, satisfaction with their own effort, participation
in learning activities, learning outcomes, teaching performance, effectiveness of teaching
activities, effectiveness of digital tools, communication, feedback, and social and academic
environment effectiveness.

2.6.5. Ethical Considerations

Since this study is retrospective, the researcher analyzed the pre-existing data without
intervention or manipulation, as there may be power dynamics that affect student responses
or grades. Moreover, the behavior of the students was not influenced by observations.
However, personal data, for example, names, student IDs, emails, grades, assignments,
feedback, and attendance records, are all anonymized to protect student identities. The
behavior of all class students was analyzed to avoid bias selection or cherry-picking
results to prevent skewed results. The author also presents the data objectively, avoiding
overgeneralization or misinterpretation or overlooking alternative explanations.

3. Results
3.1. Observations on Concept Assignment Grades

The first set of results is related to the assessment of concept assignment. The assess-
ment results are illustrated in Tables 8 and 9 for students who have not attended the classes
and students who have attended the classes, respectively. In general, the question index is
a metric used to evaluate the overall performance or difficulty level of a particular question
based on how students respond to it. This index helps assess how well students understood
the material, and it can be used to identify questions that might need to be reworded
or re-evaluated for clarity or fairness. In this case, the Question Index is calculated by
summing the marks obtained by all the students for the question and then dividing it by
the total possible marks for the question, which reflects the average performance on the
question relative to the maximum score.

Y"(Student Marks)
Total Marks Possible x Number of Students

Question Index =

(1)

For example, the question index for question 1 is calculated as the sum of students’
marks (8 marks) divided by the total available marks (12 marks), which yields a value of
0.67 (67%) for the given data.

As mentioned earlier, the concept assignment consists of twelve conceptual questions
to assess the level of understanding and detect any misconception, incompleteness, and
hallucination features. These three characteristics (incompleteness, misconception, and
hallucination) have shaped the assessment rubric and the final level of understanding
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(the key learning outcome in this study). Table 8 illustrates the score for each student on
each question; the level of incompleteness, misconception, hallucination; and the final
level of understanding assessed. In addition, the question index and the average level of
incompleteness, misconception, and hallucination were estimated for the two groups.

Table 8. Assessment results of the concept assignment for not-attending-class students (S !).

Aspect Full Mark S1 S2 S3 S4 S5 S6 Question Index
Q1 2 1 1 2 1 2 1 67%
Q2 2 1 1 1 1 2 2 67%
Q3 2 0 2 1 1 2 1 58%
Q4 2 1 1 2 1 1 2 67%
Q5 2 1 1 2 2 2 2 83%
Q6 1 0.5 1 1 1 1 1 92%
Q7 1 0.5 0.5 1 1 1 1 83%
Q8 1 0.5 1 1 1 1 1 92%
Q9 1 0.5 1 1 1 1 1 92%
Q10 2 1 1 1 1 2 2 67%
Q11 2 0.5 1 1 1 2 2 63%
Q12 2 1 2 2 2 2 2 92%
Total score 20 85 13.5 16 14 19 18 Index
Incompleteness 1 2 0 4 1 1 153
Misconception 3 3 2 0 2 34
Hallucination 12 2 9 0 0 0 3.83°
Comment Al style Al style and Lecture notes Lecture notes  Lecture notes

Level of understanding L M H M H H

1 G refers to Student, 2 Q refers to Question, 3 Incompleteness Index, 4 Misconception Index, 5 Hallucination Index.

Table 9. Assessment results of concept assignment for class-attending students (S 1).

Aspect 1\};““ S7 S8 S9 S0 S11 SI2 S13 Sl4 S5 Sl S17 S18  S19 sz 2uestion
ark Index
Q™1 2 2 1 2 1 1 1 2 1 1 1 1 2 2 2 71%
Q2 2 2 1 2 1 1 2 2 2 1 2 1 2 2 2 82%
Q3 2 2 2 2 0 2 1 1 2 1 1 2 2 2 2 79%
Q4 2 2 2 1 1 1 2 2 1 1 2 1 2 2 2 79%
Q5 2 2 2 2 1 1 2 2 2 1 2 2 2 2 2 89%
Q6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100%
Q7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100%
Q8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100%
Q9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100%
Q10 2 2 1 1 1 1 1 1 2 1 1 1 1.5 1.5 2 68%
Q11 2 1 1 2 1 2 1 1 1 1 15 1 15 2 2 64%
Q12 2 2 2 2 2 1 1 1 2 0 2 1 2 0 2 71%
Total score 20 19 16 18 12 14 15 16 17 11 165 14 19 175 20  Index
Incompleteness 1 3 2 3 4 4 3 3 4 2 3 0 2 0 2293
Misconception 0 1 2 5 1 2 1 0 4 1 3 0 0 0 1.294
Hallucination 0 0 2 3 1 1 5 0 5 1 1 0 4 0 1.43°
Comment Al style Al style Al style Al style
Level of understanding H H H L M M H H L H M H H H

1 G refers to Student, 2 Q refers to Question, 3 Incompleteness Index, 4 Misconception Index, 5 Hallucination Index.

The Incompleteness Index quantifies the average number of incomplete items per
student, providing a measure of how much information is missing in all student responses.
The Incompleteness Index is calculated as

y Number of Students 1 .omplete items in each student response;

Number of Students

Given the number of incomplete items for six students, 1,2,0,4, 1,1, the Incomplete-

()

Incompleteness Index =

ness Index is calculated as

1+2+0+4+1+1 9
Incompleteness Index = s —g kL 6= 15
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The Misconception Index quantifies the average number of misconceptions (wrong or
inaccurate answers) per student, providing insight into the prevalence of misunderstand-
ings in student responses. The Misconception Index is calculated as

y_Number of Students yrong or inaccurate in each student response;

Mi ion I _
isconception Index Number of Students

)

Given the number of misconceptions (wrong or inaccurate items) for six students,
8,3,3,2,0,2, the Misconception Index is calculated as

8+3+3+2+0+2 18
6 T 6

So the Misconception Index for this data set is 3. This indicates that, on average, each

Misconception Index = 3

student has 3 misconceptions in their responses.

The hallucination index can be defined as a measure of the frequency or extent of
hallucinated answers provided by students or Al reflecting how often responses contain
plausible-sounding but incorrect or ambiguous information. The Hallucination Index is
calculated as

y Number of Students 1 alucinated items in each student response;

Hallucination I =
allucination Index Number of Students

(4)

Given the number of hallucinated items (plausible-sounding but inaccurate content)
for six students: 12,2,9,0, 0,0, the hallucinated index is calculated as:
12+2+94+0+0+0 23

Hallucination Index = 5 3 =3.83

A comparison of the Incompleteness Index in both Tables 8 and 9 shows that students
who attended the class had higher incomplete answers compared to students who had
not attended the class and relied heavily on digital resources (lecture notes, internet, Al
applications). Students who had not attended had an average Incompleteness Index of
1.5, while students who attended the class had an index of 2.29. However, in terms of
misconception and hallucination, the students who attended the class had lower average
misconceptions and hallucinated answers compared to students who had not attended the
class. Students who had not attended the class had a Misconception Index of 2.5, while
students who attended the class had an index of 1.29. In addition, students who had not
attended the class had an average Hallucination Index of 3.83, while students who attended
the class had an index of 1.43. In fact, the answers were more persuasive and compact,
and one could feel the confidence in what they were answering, compared to the lengthy
and ambiguous style of answers provided by students who had not attended the class.
However, it should be noted that the high Hallucination Index of 3.83 was related to three
students out of six in the non-attending group. It is important to mention that two students
from the non-attending class group provided correct answers; however, they heavily used
texts from the lecture notes. Although this is normal practice, the answers did not show
any self-reflection and did not indicate whether they performed high-order thinking or just
read the lecture notes. In terms of question indexes, it shows that students who attended
the class managed to achieve better grades for questions 1-9. However, they scored almost
the same as the non-attending group for questions 10-12.

In summary, the level of understanding assessed for the entire class level was high.
However, it is hard to conclude that class-attending students have higher learning out-
comes (level of understanding) compared to not-attending-class students, since there are
not-attending-class students who gained high learning outcomes, and some class-attending
students gained low learning outcomes. Therefore, student profiles and their study per-
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formance shall be individually analyzed with the hope of providing an explanation of
these observed learning outcomes (level of understanding). Interestingly, questions (10,
11, and 12) in the concept assignment did not have game boards related, as the teaching
staff believed that the related concepts could be better explained using the traditional
method of presentation. However, the results for the class-attending students were similar
to those of the class-not-attending students, which is not the case for other questions sup-
ported by game boards (class-attending students scored higher than not-attending-class
students). This could refer to Konopka'’s claim Konopka et al. (2015) that “the effective
use of these techniques requires a new philosophical stance of both the teacher and the
student, and the application of active methodologies is not just limited to ‘try” a different
pedagogical activity with students or to promote debates in class”. As a self-reflection,
gamifying the concepts helps the teacher demystify the concepts and allows students to
construct the concept themselves, rather than hearing a description of a ready-made or
constructed concept.

3.2. Observations Based on Course Analytics

The histogram of weekly page views, shown in Figure 9, illustrates the diverse spectra
of page-viewing behavior with a mean of around 30.85 views per week with a minimum of
0 and a maximum of 341.
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Figure 9. Histogram of weekly page views, with a mean value (red coloured line) of approxi-
mately 30.85.

A more detailed look at the histogram reveals four patterns of views: (1) no views on
some weeks, (2) fewer than 30 views per week, (3) between 30 and 75 views per week, and
(4) between 75 and 150 views per week. The bar around 341 views indicates an outlier that
occurs once and for only one student.

To illustrate page views over weeks, a time plot of average page views over weeks
for students who have attended the classes is shown in Figure 10. The course started on
28 August with a traditional lecture on the course objectives, modules, expectations, and
assignments. The first gamified flipped classroom workshop was held on 4 September.
In other words, in the first two weeks, page views were not affected by gamified flipped
classroom workshops, and they were mainly related to the student’s curiosity to explore
the course content. In the third week (from 3 to 9 September) and after the first classroom
workshop, page view numbers start to slightly increase over the weeks (28, 32, 35, and 40).
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Figure 10. The average page views over weeks for students who attended the classes.

On the other hand, the time plot of the average page views in weeks for students
who did not attend the classes, shown in Figure 11, shows a decrease in page views in the
second, third, and fourth weeks and then a rapid increase (from 27 to 76 and 124) in the last
two weeks before the assignment deadline on 30 September, which was later extended to
4 October.

jHHIIHl

26.AUG 02.SEP 09.SEP 16.SEP 23 .SER 30.SEP
Week

Page view

Figure 11. The average page views over weeks for students who did not attend the classes.

To dig a bit deeper into individual student performance, individual page views over
the weeks for students are illustrated in Figures 12-14. While illustrating the individual
page views for students who have attended the classes, it was noticed that there are some
students who are working and have different individual page view behaviors. Therefore,
it was decided to split the class-attending student group into two groups; working and
not-working students. When comparing the time plots in Figures 12 and 13, it can be
observed that non-attending class students viewed the course pages much more than
class-attending students. When comparing the time plots in Figures 13 and 14, it can be
observed that the majority of students who were working had a low page view rate, with
many weeks with zero or a very low rate of views and fluctuating over weeks, while it is
more stable over weeks for the students who were attending and not working full-time jobs.
When comparing the time plots in Figures 12 and 14, it can be observed that students who
worked full-time jobs had similar fluctuating patterns, as all students not attending classes
were also full-time workers. For example, student number 2 did not perform self-study
during the first weeks. It is worth mentioning that the fluctuation is common in all students;
however, the level of fluctuation is higher for students who were working full time.
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Figure 12. Time plot of the individual page views over weeks for students who did not attend
the classes.
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Figure 13. Time plot of the individual page views over weeks for students who attended the classes
and were not working full-time.
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Figure 14. Time plot of the individual page views over weeks for students who attended the classes
and were working full-time.

The second indicator of student self-study is the video-viewing rate. The histogram of
the video-viewing rate, shown in Figure 15, illustrates the low video-viewing rate, where
most students did not view more than 30% of the videos.
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Figure 15. Histogram of video-viewing rate, with a mean value of approximately 28%.

Based on observations of page viewing and video-viewing rates, the level of self-study
is normal and similar to that of previous years, and it does not justify the actual high level
of understanding that was observed in the assessed concept assignment. Hence, the second
hypothesis, which claims that the student profile is better than in other years, shall be
further explored.

3.3. Observations Based on Student Profiles: Predicted and Actual

Let us start by analyzing the student profiles of the students who did not attend
the classes. Student 1 is working full-time and has relevant experience with the subject;
her level of self-study is high, as her viewing rates of videos and pages are quite high.
The predicted level of understanding or learning outcome was medium as she has a high
self-study rate and experience, but lacks participation in active learning activities in the
classroom. However, her actual level of understanding or learning outcome based on the
assessed concept assignment falls into the low level, where she had several misconceptions
and a high level of hallucination due to the use of Al applications. Student 2 is working
full-time and has relevant experience with the subject. His level of self-study is medium
and lacks participation in active learning activities in the classroom. His predicted and
actual levels of understanding were also medium.

Students 3 and 6 work full-time and have relevant experience with the subject; their
level of self-study is high and they lack participation in active learning activities in the
classroom. Their predicted level of understanding (learning outcome) was medium. How-
evet, their actual level of understanding based on the assessed concept assignment was
high. This student indicated in their answers the use of lecture notes. Student 4 is working
full-time and has relevant experience with the subject. His level of self-study is high and
lacks participation in active learning activities in the classroom. His predicted and actual
level of understanding was medium.

Student 5 is working full-time and has relevant experience with the subject; the
level of self-study is medium and he lacks participation in active learning activities in the
classroom. The predicted level of understanding was medium; however, the actual level
of understanding was high. This student indicated in his answers the use of lecture notes.
This is almost similar to the cases of Students 3 and 6. The student profiles and learning
outcomes for each student are summarized in Table 10.
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Table 10. Student profiles and learning outcome (predicted and actual).
Student T E . Attending Video Viewine % Page Viewi Level of Predicted Level Actual Level
No. ype xperience Workshops 1deo viewing 7o Tage VIEWINE  gelf Study of Understanding of Understanding
1 Subject Yes No 30% 649 High Medium Low
2 Program Yes No 7% 335 Medium Medium Medium
3 Subject Yes No 76% 407 High Medium High
4 Program Yes No 7% 446 High Medium Medium
5 Program Yes No 9% 254 Medium Medium High
6 Program Yes No 25% 658 High Medium High
7 Program No Yes 74% 495 High Medium High
8 Exchange No Yes 7% 277 Medium Medium High
9 Program No Yes 14% 228 Medium Medium High
10 Program No Yes 18% 227 Medium Medium Low
11 Exchange No Yes 10% 224 Medium Medium Medium
12 Program No Yes 7% 179 Low Low Medium
13 Program No Yes 0% 96 Low Low High
14 Exchange No Yes 7% 106 Low Low High
15 Program No Partially 11% 48 Low Low Low
16 Program Yes Yes 26% 382 Medium Medium High
17 Program Yes Yes 57% 385 Medium Medium Medium
18 Subject Yes Yes 7% 195 Low Low High
19 Program Yes Yes 0% 93 Low Low High
20 Program Yes Yes 99% 510 High High High

Let us now analyze the student profiles of the class-attending group. Student 6 is not
working full time and has no relevant experience in the subject; her level of self-study is
quite high. The predicted level of understanding was medium to high, as she lacks relevant
experience. Her actual level of understanding was clearly high. Comparing Student 6 with
Student 20 where both had a similar level of self-study, Student 20 was working full-time
and had relevant experience in the subject. However, both managed to gain a high level
of understanding.

The other 12 students who attended the classes showed a low (six students, 12, 13, 14,
15,18, and 19) to medium (six students, 8, 9, 10, 11, 16, and 17) level of self-study. Of the six
students who were predicted to have a medium level of understanding, three (students 8, 9
and 16) actually showed a high level of understanding, two (students 11 and 17) showed
an actual medium level of understanding as predicted (medium), and one (student 10)
showed a low level of understanding. Students 8 and 9 had a medium level of self-study
and no relevant experience; the only difference observed is that student 9 was an exchange,
while student 8 was a program-enrolled student. Student 16 had relevant experience and a
medium level of self-study. Although Students 11 and 17 had a medium level of self-study
and a medium level of understanding, student 11 was an exchange student and had no
relevant experience, while student 17 was a program-enrolled student and worked full
time with relevant experience. Although Student 10 was predicted to show a medium
level of understanding, he ended up with a low level of understanding.

Regarding the six students (12, 13, 14, 15, 18, 19) who had a low level of self-study,
Students 13, 14, 18, and 19 managed to show a high level of understanding, although the
prediction was that they had low levels of understanding. The difference among them is
that students 13 and 14 have no relevant experience compared to students 18 and 19. It
is worth mentioning that student 14 is an exchange student and student 18 was taking
this course as an elective single course. Student 12 managed to show a medium level of
understanding, although he had a low level of self-study. Student 12 had a low level of
self-study, no relevant experience, and participated partially in workshops; he ended up
showing a low level of understanding and Al-style answers.

The applied heuristic approach to predict the level of understanding based on experi-
ence, self-study, and participation in active learning had some false predictions, as can be
observed in Tables 11 and 12. It is evident that there were several factors related to student
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conditions (health, social, economic) and friendship among students that affect levels of
self-study and understanding, motivation, and participation, making each student have a
unique profile of learning that was difficult to predict with high precision. However, the
heuristic prediction approach was a good indicator to detect if the teaching and learning
process is as effective as planned or not. For the non-attending class students, as shown in
Table 11, the actual results were better than predicted on the one hand due to the use of
lecture notes and worse than predicted on the other hand due to Al-generated answers. For
the class-attending student, the majority of the results were better than predicted, as shown
in Table 12. The nine students who were predicted to achieve a low and medium under-
standing level and a high level are a good indicator of the effectiveness of gamified flipped
classroom activities. Honestly, the hypothesis in the teacher’s mind after noticing the high
level of understanding in the concept assignment was that gamified flipped classroom ac-
tivities engaged students and motivated them to carry out greater self-study. However, the
analysis of self-study profiles shows no extraordinary or high level of self-study compared
to last year. In fact, the non-attending class group showed medium to high self-study to
cope with the lack of participation in active learning activities in the classroom. In summary,
the self-study and student profiles are highly similar to those of last year, and the high level
of understanding observed is still not explained, especially for the class-attending students.
The last aspect to analyze is the gamified flipped classroom activities.

Table 11. Actual and predicted levels of understanding for not-attending-class students.

Predicted Class
High (H) Medium (M) Low (L)
High (H) 0 3 0
Actual Class Medium (M) 0 2 0
Low (L) 0 1 0

Table 12. Actual and predicted levels of understanding for class-attending students.

Predicted Class
High (H) Medium (M) Low (L)
High (H) 1 4 4
Actual Class Medium (M) 0 2 1
Low (L) 0 1 1

Analysis of student profiles at the beginning of the course is necessary to plan the
learning activities. It is also important to predict the student’s performance in order to
plan the learning activities and evaluate the learning activities with the actual performance.
This study provided a simple way to utilize the “data already collected” from the learning
platform (Canvas) to observe and analyze the student learning performance and outcomes
over time in terms of reading, viewing videos, and interacting with curriculum materials.
These data would not be possible to extract through interviews or surveys. Definitely, more
data were collected that shall be explored and utilized to assess teaching and learning
activities. The learning indicator (direct and indirect) shall also be explored and identified;
for example, a page view is a more indirect indicator of learning that can indicate different
issues for different groups, as class-attending students indicated “read with purpose” and
not-attending-class students indicated “surf-reading” or “off-line reading”. In summary,
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learning data analytics shall encourage teaching to be more predictive and proactive to fit
the student’s needs and conditions.

Assuming that student learning performance follows a normal distribution might
discourage teaching enhancements. It kind of puts the emphasis on the student type
rather than the teaching performance. In fact, teaching and assessing the learning in one
specific method will always produce student performance with a normal distribution, as
some students might be engaged more than others with that specific method. The applied
teaching and assessing methods shall be diversified until all students are engaged and
actively learning, and the normal distribution is totally left-skewed to the higher level of
learning outcome.

3.4. Observations at the Workshops

The teaching staff (teacher and teaching assistant) organized and managed four flipped
gamified classroom sessions to cover 12 game boards. Each session had three groups of
students; each group consisted of four or five students sitting around a table with a large
screen. In general, good engagement and participation were observed in all groups. The
game sessions allow good collaboration and communication between the group members;
for example, someone was more handy with the Miro board and was in charge of the mouse
actions and moving the post-it cards, another was checking the literature, and a good level
of discussion was involved before the cards reached their final location. In Table 13, the
learning performance (correct game cards) in several game rounds is illustrated for each
game board and for each group of students.

Most of the game boards required two or three game rounds, and only one game
board was correctly used in the first round (Boards 5 and 6). Please note that the first
three game boards were used in the first workshop, where a single-trail game was played.
After the early dialogue, the teacher and the students decided to perform multiple trials
until all cards were correctly sorted by a student group. It can be seen from Table 13, that
groups 1 and 2 were constantly competing to be the winner, although group 3 performed
well, but fell behind in terms of time. Moreover, it was observed that several cards were
placed in the correct place, however, for wrong reasoning, which was counted as false until
they obtained the right explanation. It should be mentioned that the feedback after each
game round was given in several ways; (1) only correct cards were identified, (2) only false
cards were identified, and (3) peer review between groups to discuss cards in conflict. The
feedback method was naturally selected based on the real-time results of the groups.

From a student perspective, some challenges were observed in the first session related
to being unfamiliar with the Miro board and how to move, zoom in/out, and navigate;
however, this issue disappeared over time. Moreover, the students who had not performed
the pre-reading were a bit annoyed as they felt they were guessing the answers during
the game. Some of them indicated the need for a pre-lecture before playing the game,
as expressed in quotes 2 and 3. The teaching staff decided to provide mini-lectures on
demand and after the game was played. In fact, in sessions two and three, there was one
mini-lecture as high misconception was observed in all playing groups. Some students,
as expressed in quote 4, highlighted that the games were helpful in strengthening the
pre-reading understanding.

Quote 2: “They do contribute to my learning and the teacher is very supportive
and helpful, but at the beginning of the course it would be useful if some more
lectures were held before we did the Miro exercises because now it is more turned
into a guessing game”.—One student out of 21 student, Course Evaluation Report,
Question 7
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Quote 3: “Keep the exercises but add a few lectures in the beginning to give the
students a good foundation”.—One student out of 21 student, Course Evaluation
Report, Question 14

Quote 4: “I didn’t get this issue when I read the lecture notes, the game gives life
to the text”.—One student out of 21 student, Comment after game session 2

Table 13. Game boards and learning performance over several trials.

Total Game  Group  Correct Cards Correct Cards Correct Cards

No. Description Cards No. in 1st Trial in 2nd Trial in 3rd Trial Comment

1 8 10 cards left Winner
1 RAMI4.0 18 2 7 11 cards left

3 5 13 cards left

1 5 7 cards left Winner
2 Asset hierarchy 12 2 6 6 cards left

3 3 9 cards left

1 9 1 card left
3 P-F curve 10 2 8 2 cards left Winner

3 8 2 cards left

1 13 10 4
4 Monitoring techniques 27 2 15 11 1 Winner

3 8 9 5 5 cards left

1 9 Winner, one round
5&6  Vibration, AE, Ultrasonic 9 2 8 1 card left

3 8 1 card left

1 18 8 5 Winner, 4 cards left
7 CM, CBM, PdM 35 2 16 8 6 5 cards lefts

3 14 9 5 7 cards lefts

1 8 0 2 cards left Winner, two rounds
8 Lifetime benefits 10 2 8 0 2 cards left Winner, two rounds

3 7 1 2 cards left two rounds

1 15 12 5 Winner, 6 cards left
9 Failure event 38 2 16 13 4 Winner, 6 cards left

3 14 10 6 8 cards left

1 8 4
10 Failure engineering 12 2 9 3 Winner, two rounds

3 7 5

1 15 4 Winner, two rounds
11 PEM for PdM 19 2 15 3 1 card left

3 10 5 4 cards left

1 20 4 1 card left Winner, two rounds
12 1SO17359 25 2 17 8 Winner

3 10 13 2 cards left

From the teacher’s perspective, the game boards help teaching staff and students to
observe common correct answers, common misconceptions, and unique misconceptions
(within a specific group or group member). The digital game board offered great flexibility
to manage one’s time over the entire game sessions. For some game boards, the time was
extended, and for others, the time was shortened. On average, each game board took
around 45 min with three trials, each between 10 and 15 min. The Miro boards allow
teaching staff to assess the answers as they are visible in real time, without the need to wait
until students are finished with the game, which makes it faster and easier to assess and
gives the chance to prepare for the post-game discussion, giving tips for the next round
of games, providing additional information, and presenting specific slides. In fact, it also
requires active learning for the teacher and requires more energy than delivering a lesson
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or non-active lecture. On the other hand, it is more relaxing to supervise and coordinate
the game than to talk and present in a three-hour lecture.

The boosting active learning approach applied in this case requires more time in the
class compared to traditional active learning or one-time active game learning. However,
the digital game board allows us to effectively manage session time, as it has a stopwatch
embedded. Students have also indicated several good features that any digital game board
should have, such as (1) the ability to zoom in and out to enable all group members to read,
(2) the ability to assess the learning process in real time and prepare on-demand discussion
items to fit the current situation, (3) the ability to trace all correct and incorrect answers,
and (4) the ability to lock and access the game board as a learning document at any time.

Exploring the performance of self-study for students in each group, as shown in
Table 14, could explain the performance of these groups in the games. Groups 1 and 2 have
a good balance of students who performed satisfactory self-study, while group 3 lacks that.

Table 14. Groups and students in the gamified flipped classrooms.

Group No. Student No. Level of Self-Study
Group 1 7,8,9,16,17 H MM M M
Group 2 11, 14,18, 20 ML LH
Group 3 10, 12,13, 15,19 ML LLL

3.5. Observations Based on Course Evaluation

The course survey was answered by 11 students (of 26), which is approximately 42.31%.
It is an anonymous survey, and it is hard to identify whether the students who responded
to the survey attended the classes or not. However, based on question number 3 (as shown
in Figure 16) about the amount of participation in the organized learning activities, it can
be observed that two students answered “Seldom”, which may mean that they are related
to the group not attending the class. Seven students have answered this question as “most
of them” and “All or almost all”. Thus, the results of this survey are dominated by students
who attended classes.

3 - Have you partici in any organi learning, ies in this course (lectures, seminars etc.)?
Response Option Weight Frequency Percent Percent Responses
Not at all 1) 0 000% ||
Seldom ) 2 1818% | WM =2
Some of them 3) 2 18.18% |
Most of them (4) 2 18.18% | M
All or almost all (5) 5 45.45% | (NN
1 don't know (0) 0 0.00% |
o 25 50 100 Question [
Response Rate | Mean | STD l Median
11/26 (42.31%) | 3.91 | 122 | 4.00

Figure 16. Student participation performance.

The survey results highlight that the students were satisfied with their own efforts
(Figure 17).

2 - How satisfied are you with your own effort in this course?

Response Option Weight Frequency Percent  Percent Responses
Dissatisfied 1) 0 0.00% ||
Slightly dissatisfied 2) 1 9.09% | ] 3.64
Neither satisfied nor dissatisfied 3) 2, 18.18% [ |
Satisfied (4) 8 72.73% | I
Very satisfied (5) 0 0.00% |
I don't know (0) 0 0.00% ||
[ 25 50 100 Question [
Response Rate [ Mean | STD [ Median
11/26 (42.31%) [ 3.64 [ 0.67 [ 4.00

Figure 17. Student satisfaction with their own efforts.
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The survey results show that students on average invested 6-10 h per week, as shown

in Figure 18. This confirms the low-medium self-study levels that course analytics have

provided. Compared to previous years, as shown in Figures 19 and 20 , the study load was

reduced by introducing active learning activities.

1 - Own involvementApproximately how many hours per week (on average throughout this semester) have you spent on this course (self-study, lectures,
seminars etc.)?

Response Option Weight Frequency Percent Percent Responses
0-5 hours ™) 3 2727% | R
6-10 hours @) 6 54.55% |
11-15 hours (3) 2 18.18% |
16-20 hours (@) 0 0.00% ||
21-25 hours 5) 0 0.00% || 1.91
More than 25 hours (6) 0 0.00% ||
| don't know (0) 0 0.00% |
o 25 50 100 Question [ [
Response Rate | Mean | STD | Median
11/26 (42.31%) [ 1.91 [ 0.70 [ 2.00

Figure 18. Students’ own involvement as hours per week in 2024.

1 - Own involvementApproximately how many hours per week (on
seminars etc.)?

this

) have you spent on this course (self-study, lectures,

Response Option Weight Frequency Percent Percent Responses

0-5 hours ™) 1 11.11% |l

6-10 hours ) 6 66.67% | I

11-15 hours 3) 2 2222% |

16-20 hours (4) 0 000% || 260 264 265

21-25 hours (5) 0 0.00% || 2kl

More than 25 hours (6) 0 0.00% ]

I don't know (0) 0 0.00% |

[) 25 50 100 Question Faculty Institute Study programme

Response Rate Mean STD | Median Faculty Mean STD | Median Institute Mean STD | Median pross;rl::xme Mean STD | Median
9/16 (56.25%) 211 0.60 2.00 3148 2.60 1.31 2.00 363 264 1.23 2.00 17 265 1.00 2.00

Figure 19. Students’ own involvement as hours per week in 2023.

1 - Own involvementApproximately how many hours per week (on average throughout this semester) have you spent on this course (self-study, lectures,
seminars etc.)?

Response Option Weight Frequency Percent Percent Responses

0-5 hours (1) 1 588% |

6-10 hours 2 3 17.65% | Il

11-15 hours (3) 6 35.29% | (N 350

16-20 hours () 3 17.65% | 263 584 298

21-25 hours (5) 2 11.76% |

More than 25 hours (6) 1 5.88% l

| don't know (0) 1 5.88% | |

) 25 50 100 Question | Fakultet Institutt Studieprogram

Response Rate | Mean | STD | Median | Fakultet | Mean | STD [Median| Institutt | Mean | STD |Median|[ Studieprogram [ Mean | STD |Median
17/30 (56.67%) | 3.31 | 1.30 | 3.00 | 2435 | 263 [ 133 | 200 | 427 [ 261 [ 127 [ 200 | 90 [ 298 | 134 | 300

Figure 20. Students’ own involvement as hours per week in 2022.

The survey results support the idea that teaching performance (Figure 21), teaching

activities (Figure 22) and learning outcomes (Figure 23) successfully contributed to large

and very large degrees of student learning. The students also highlighted that digital tools

(Miro boards) have supported their learning to a very large extent (Figure 24).

5-T and learningDoes the in this course convey the curriculum in an understandable way?
Response Option Weight Frequency Percent Percent Responses
Not at all Q] 0 0.00% | 418
To a small extent ) 0 0.00% |
To a moderate extent 3) 2 18.18% | N
To a large extent (4) 5 45.45% | NN
To a very large extent 5) 4 36.36% | N
I don't know 0) 0 0.00% ||
o 25 50 100 Question [
Response Rate | Mean STD | Median
11/26 (42.31%) [ 4.18 [ 075 [ 4.00

Figure 21. Teaching performance.
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6 - Do the or learning, contribute to your learning?
Response Option Weight Frequency Percent Percent Responses Means
Not at all (1) 0 0.00% || 427
To a small extent 2) 0 0.00% |
To a moderate extent 3) 1 9.09% |M
To a large extent 4) 6 54.55% | NN
To a very large extent (5) 4 36.36% | (I
| don't know (0) 0 0.00% |
[ 25 50 100 Question |
Response Rate | Mean | STD | Median
11/26 (42.31%) | 427 | 0.65 | 4.00

Figure 22. Teaching activity performance.

4 - To what degree did you achieve the learning outcomes for the course?

Response Option Weight Frequency Percent Percent Responses

To a small degree (1) 0 0.00% ||
To some degree 2) 0 0.00% ) 3.82
To a moderate degree 3) 3 27.27% | IR
To a large degree (4) 7 63.64% | N
To a very large degree (5) 1 9.09% |M
| don't know ©) 0 0.00% ||
[ 25 50 100 Question [
Response Rate | Mean | STD ] Median
11/26 (42.31%) | 3.82 | 0.60 [ 4.00
Figure 23. Achievement learning outcome performance.
8 - Was the use of digital tools appropriate to support your learning? (This does not refer to ing ing of )
Response Option Weight Frequency Percent
Not at all 1) 0 0.00% || 445
To a small extent ) 0 0.00% |
To a moderate extent 3) 1 909% |M
To a large extent (4) 4 36.36% | N
To a very large extent (5) 6 54.55% | (NN
| don't know () 0 0.00% ||
[) 25 50 100 Question [
Response Rate | Mean | STD ] Median
11/26 (42.31%) | 445 | 0.69 | 5.00

Figure 24. Digital tool performance.

It should be mentioned that communication (Figure 25), feedback (Figure 26), and the
learning environment (Figure 27) play a significant role in the active learning environment.
Although there were no special time slots or office hours provided, the workshops were
utilized to discuss and give feedback, as well as one hour after the class for open discussion.

9 - CommunicationHow satisfied are you with the information you have received about this course (on Canvas, etc.)?

Response Option Weight Frequency Percent Percent Responses
Dissatisfied ) 0 0.00% | 4.55
Slightly dissatisfied ) 0 0.00% )
Neither satisfied nor dissatisfied ) 0 0.00% |
Satisfied (4) 5 45.45% | (NN
Very satisfied 5) 6 54.55% | [N
1 don't know 0) 0 0.00% ||
o 25 50 100 Question [
Response Rate | Mean | STD | Median
11/26 (42.31%) | 455 [ 0.52 [ 5.00

Figure 25. Communication performance.

10 - How satisfied are you with the feedback and guidance in this course?

Response Option Weight Frequency Percent  Percent Responses

Dissatisfied 1) 0 0.00% || 455

Slightly dissatisfied 2) 0 0.00% |

Neither satisfied nor dissatisfied 3) 0 0.00% )

Satisfied (4) 5 45.45% | ]

Very satisfied (5) 6 54.55% | (NN

I don't know (0) 0 0.00% |

) 25 50 100 Question [ I [

Response Rate | Mean | STD | Median
11/26 (42.31%) | 455 | 0.52 | 5.00

Figure 26. Feedback performance.
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11 - Learning environmentHow satisfied are you with the academic and social environment among the students in this course?

Response Option Weight Frequency Percent Percent Responses Means
Dissatisfied (1) 0 0.00% |
Slightly dissatisfied 2) 0 0.00% )
Neither satisfied nor dissatisfied 3) 0 0.00% |
Satisfied (4) 4 36.36% | (NN
Very satisfied 5) b 63.64% | NG
Don't know (0) 0 0.00% |]
) 25 50 100 Question [
Response Rate [ Mean [ STD [ Median
11/26 (42.31%) [ 464 [ 0.50 [ 5.00

Figure 27. Social and academic environment performance.

One student indicated the enjoyment feature in the gamified flipped classroom, as
expressed in quote 5, as an answer to the question “What could contribute to a better
academic and social environment among the students, in your view?”

Quote 5: “It is already great. he spends a lot of time making the course enjoy-
able for everyone. This creates a great academic and social environment and
contributes to the environment among the students too”.—One student out of 11
student, Course Evaluation Report, Question 12

Based on the results in Figure 28, the students are satisfied with the course in general.

13 - Overall satisfaction_How satisfied are you, overall, with this course?

Response Option Weight Frequency Percent Percent Responses
Dissatisfied 1) 0 0.00% |
slightly dissatisfied ) 0 0.00% ||
Neither satisfied nor dissatisfied 3) 0 0.00% |
Satisfied (4) 2 18.18% |
Very satisfied 5) 9 81.82% | NN
| don't know (0) 0 0.00% )
) 25 50 100 Question [
Response Rate [ Mean [ STD [ Median
11/26 (42.31%) [ 4.82 | 0.40 [ 5.00

Figure 28. Overall course satisfaction.

The observations during the game sessions and students’ comments in the course
evaluation survey indicated that the games motivate students to complete the pre-session
reading as they do not feel comfortable playing the game without pre-understanding;
otherwise, it looks like a guessing game. However, page-viewing results indicate that
students who attended the gamified flipped classrooms had a lower page-viewing rate
compared to students who did not attend these classrooms. This might indicate that
attending active learning-boosting sessions can reduce self-study or allow students to
perform well with a reasonable amount of self-study. This result might encourage students
to attend class sessions and enhance the active participation of students. In addition,
students who attended the boosting active learning sessions managed to provide more
persuasive and compact answers and were more confident with their answers compared to
students who did not attend the class.

Master’s students usually work full-time while studying in order to cope with life’s
expenses and also gain experience. Some students can attend classes and be active, and
some have job limitations (full-time, shifts, or offshore work rotations). In a geographically
large country like Norway, some students might have issues (economic, environmental) to
travel and have physical classes. These life-related issues put more pressure on physical
classes to be more effective and attractive in engaging students and achieving higher
learning outcomes. Although the game sessions used digital game board software, the
games were played physically in the classroom. It should also be possible to play these
games online.
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4. Discussion and Conclusions

The main research question in this study is to examine the key aspects that influenced
the learning outcome in 2024 compared to 2023. Four sets of observations and results
indicate the positive impact of the gamified flipped classroom on student learning outcomes.
First, in Section 3.1, the question indices, the Misconception Index, and the Hallucination
Index are all higher for students who attended gamified flipped classrooms compared
to students who did not attend these classes. Second, in Section 3.3, the actual level of
understanding was much higher than the predicted level of understanding for students
who attended gamified flipped classrooms compared to students who did not attend these
classes. Third, in Section 3.4, the results of the workshop show that about 40-60% of the
concepts were correctly understood in the second and third trials of the game. Fourth, as
shown in Section 3.5, the students believed that teaching and learning contributed to their
learning to a large extent. These observations are in line with several studies van Alten
et al. (2019), Kapur et al. (2022), in which flipped classrooms have been shown to increase
the achievement of learning outcomes when games are included.

The better learning outcomes in the 2024 course round were found to be related to
gamified flipped classrooms, since the set-up of the course, materials, game boards, and
student profiles were similar to the course round in 2023. However, the study revealed that
the way to play the game is what helps the student learn and assess, reward, and reinforce
their understanding until all misconceptions are detected and corrected. The game-playing
approach used in teaching this course was similar to the boosting learning approach. The
boosting learning approach applied in this course encouraged students to have the second
and third trials of thinking and reflection, instead of giving them the correct answers
after the first game trial (which was the case in 2023 and the first workshop in 2024). In
machine learning, boosting learning works by training models sequentially, with each new
model focusing on the errors made by the previous ones. This result supports the claims
of Werbach and Hunter (2012), Jabbar and Felicia (2015) that the effectiveness of gamified
learning is influenced by game mechanics elements like rules, challenges, cooperation,
and coordination.

In addition, the video and page viewing was more stable on a weekly basis for students
who attended gamified flipped classrooms compared to highly fluctuating for students
who did not attend these classrooms. This result was also highlighted by Ferriz-Valero et al.
(2020) and Kyewski and Kramer (2018), where notable enhancements in terms of learning
outcomes were observed due to gamified learning without a corresponding increase in the
intrinsic motivation of the students.

Boosting learning (i.e., a game of several trials) is found to be an effective game-
playing approach that improves gamified flipped classrooms and associated learning
outcomes. Although it did not increase self-studying performance, it made it more stable
on a weekly basis.

Predicting the learning outcome based on the student profile (including self-studying,
experience, and attending classrooms) and comparing it with the actual learning outcomes
has proven to be an effective method for measuring the effect of any teaching change. This
study also has shown a way to utilize the data collected by the learning management system
and the course evaluation reports for learning measuring purposes. The retrospective study
approach has been shown to be an effective approach in maintaining the natural behavior
of teaching and learning in this class and avoiding many potential manipulations.

For recommended future work, it is worth further exploring gamified flipped class-
rooms with a game-boosting learning approach under a controlled setup. Moreover,
gamified flipped classrooms with a game-boosting learning approach shall be observed
under virtual and semi-virtual conditions. Finally, the predictive analytics of learning
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outcomes shall be further developed in terms of techniques and indicators and better
adapted to fit the data resources in the learning management systems.
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