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ABSTRACT

This study assesses the academic achievement of students in the Water and Wastewater Engineering course at the
Centre of Studies, Civil Engineering, UiTM Cawangan Pulau Pinang. The survey was distributed to a cohort of Civil
Engineering students, and data from 100 respondents were analysed. The data indicates that the Expeditionary
Learning approach, specifically through field trips or site visits, received the highest score from 43 respondents. This
suggests that it is the most effective teaching and learning strategy for the present generation of students.
Conversely, the least preferred teaching and learning approach is online collaborative teaching, as it offers
limited opportunities for contact and engagement between students and instructors and lacks hands-on activities and
experiential learning. The result showed that the failure sudden decreased from 47.4% (72 students) drop to 2.7% (3
students) after implementation of various innovative strategies in Water and Wastewater Engineering course. The
implementation of the innovative teaching and learning (T&L) approach has resulted in improved academic
performance among students in the current semester (Oct 2023-Feb 2024). It has also led to a more positively
skewed distribution in the grading score and a decrease in the percentage of students who failed, as compared to the
conventional method used in the previous semester (Oct 2023-Feb 2023). Therefore, the suggested innovative
approaches can be recommended as a powerful pedagogical approach to developing an interactive, attractive, and
effective environment for the quality of education.
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INTRODUCTION this course resulted in students being forced to continue
the industrial training and return to repeat the subject after
completing their industrial training. This causes them not
to be able to graduate at the appointed time.

Teaching and learning are essential approaches
instructors employ to facilitate students’ learning and
improve their academic performance. Previously, the
conventional approach, i.e., lecture-based learning,
dominated the curriculum. Lecture-based learning is a
passive information delivery that often fails to capture the
interest and engagement of current students (Deslauriers
et al. 2019). The current generation of students, familiar
with the interactive and technology-enhanced environments,
find traditional lectures monotonous, leading to diminished
concentration, low retention of information, and poor
academic performance (Freeman et al. 2014; Van Alten et
al. 2019). The nature of the conventional approach aligns

In Malaysia, a Diploma in Civil Engineering program
usually includes a blend of project assignments, hands-on
laboratory sessions, focused civil engineering subjects, and
foundational courses on engineering principles. The study
plan includes a course in Water and Wastewater Engineering
to provide graduates with the necessary knowledge and
skills to address complex problems related to civil
engineering. Nevertheless, this course has created
significant challenges for several diploma engineering
students in Malaysia, resulting in a prevalent problem of
a high percentage of failure. Normally, this course is
registered by final year students as included in the study
plan. The high level of failure among students has resulted
in extremely poor final achievement and urgent action
needs to be taken to address the problem. The failure of
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differently with the interactive learning styles preferred by
the current generation of students.

Furthermore, the current teaching method’s lack of
practical, hands-on experiences and collaborative learning
opportunities exacerbates the issue. This discontinuity
between teaching methods and student learning preferences
necessitates reevaluating teaching strategies in these
innovative pedagogical approaches. This study compares
conventional and innovative teaching and learning
strategies implemented to improve academic students’
performance.

Study done by Corral Abad et al. (2021) demonstrates
the learning of engineering students in higher education
using E-learning techniques and new technologies such as
combination of remote and virtual examples, quizzes,
videos and theory can improve the students’ achievement.
Based on the findings, the majority of 89% consider that
the interactive application has helped them improve their
grades. The results of students indicate that the interactive
method has been successfully implemented and that it can
provide substantial support to students, thus the results are
highly consistent.

Additionally, implementation of case study methods
in an engineering course have been found to enhance
students’ motivation to learn, their conceptual change,
higher-order thinking skills, and critical thinking and

CONCRETE

problem-solving abilities (Yadav et al. 2010). This method
can be beneficial in terms of actively engaging students
and enabling them to observe the application and/or
relevance of engineering to the real world. Flynn (2018)
suggests that the incorporation of an experiential learning
activity in the undergraduate classroom may lead to
improvements in student spatial thinking. Experiential
learning is a method by which students acquire knowledge,
skills, and values through direct experiences that occur
outside of a traditional academic environment. Kolb’s
Experiential Learning Theory is one of the most widely
recognized frameworks for understanding this process and
a model of the experiential learning

process developed by Kolb as shown in Figure 1
(Wolfe & Byrne 1975). The figure depicts a cyclical model
consisting of four phases, illustrating the process of
learning through experience. In this model, the learner
initiates the cycle by engaging in a tangible experience.
This results in thoughtful observations regarding that
experience, from which the learner deduces abstract
concepts and generalizations through the process of
induction. Once established, these conceptualizations
logically result in new hypotheses and activities that will
verify their implications. The new actions/behaviors lead
to new concrete experiences which initiate the cycle again.
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FIGURE 1. The experiential learning process

By exploring various innovative strategies such as
intensive coaching, expeditionary field trips/ site visits,
collaborative teaching with industry, and technology-based
learning, this research seeks to identify the practical
techniques that instructors can adopt. Krakowka (2012)
states that teaching involves creating student interest in a
subject, not only providing facts. She emphasizes that
instructors should promote active learning through field
trips.

Additionally, industry engagement is also an important

part of student learning especially in undergraduate
program (Bruns & Chopra 2016). Through the industry
engagement, students gain hands-on experience by
applying theoretical knowledge in solving real-world issues
especially for engineering students. Industry engagement
can be obtained via field trips, site visits, community
service learning and any teaching and learning methods
related to the collaboration of industry. There are several
factors might influence a field trip’s learning strategy
include curriculum structure, teaching methods, and



teaching effectiveness; field trip factors such as duration,
and weather condition during field trip; and student factors,
including previous knowledge of trips topic and previous
experience in field trips (Orion & Hofstein 1994).

Students learn to observe and become interested in
field trips (Ezechi 2018). It makes class lectures more
interesting, especially on their least favourite and most
difficult subject. Although the field trip is one of the most
complex and costly teaching and learning strategy, however
it can enrich the educational experience of engineering
students by gaining practical experience, improving
learning, and preparing them for industrial careers.
Therefore, the ability of students to conduct cognitive tasks
must be planned and prepared properly by the instructors
to achieve the purpose of field trips.

The aim of the present research is to reduce the number
of student failures when enrolled in the Water and
Wastewater course. Based on the previous analysis, poor
teaching approach contributes to the high failure in this
course. Therefore, implementation of various innovative
strategies suitable to the subtopics are implemented in the
Semester October 2023 — February 2024.

The students’ performance and learning outcomes for
both previous (October 2022— February 2023) and current
(October 2023 — February 2024) semesters are compared.
The findings will provide instructors with insights and
practical recommendations to improve Water and
Wastewater Engineering courses to reduce high failure
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rates and help students graduate on time (GOT) in
achieving performance indicators of Malaysians’
university.

In this study, the course assessment plan was obtained
from course syllabus as shown in Table 1. For test (30%)
and final exam (60%), the assessments were conducted by
individual while grouping assignment is covered 10 % of
the overall assessment marks. Test and assignment covered
same course outcome and program outcome which is CO1-
PO3. Both assessments focus on applying engineering
concepts to design water and wastewater systems,
addressing specific problems, ensuring public health and
safety, incorporating sustainable practices, respecting local
cultural needs, and fostering teamwork. It also encourages
real-world problem-solving and collaboration to enhance
learning and practical skills.

In addition, the assignment covered CO2-PO7 as
shown in Table 1. The assignment emphasises sustainability
assessment, impact evaluation, technical expertise, societal
and environmental factors. In addressing CO2-PO7,
students are able to assess and modify water and wastewater
system designs, ensuring resource efficiency, sustainable
operation, and minimal environmental impact. Students
can also integrate the concepts of sustainability and impact
evaluation into engineering problem-solving. It also
encourages social responsibility and cultural approaches
in problem solving.

TABLE 1. Course Assessment Plan

Assessment
Course Outcome (CO) Program Outcome (PO) Assessment marks (%)
Ccol
Design the solution for water Design solutions for well- defined technical problems Test 30 %
and wastewater system with and assist with the design of systems, components or
appropriate consideration processes to meet specified needs with appropriate Final Exam 60%
for public health, safety and consideration for public health and safety, cultural,
environment societal and environmental considerations.
Cco2
Revise sustainability and Understand and evaluate the sustainability and impact Assignment 10 %

impact of the solution of water
and wastewater
environmental contexts.

of engineering technician work in the solution of
well-defined engineering problems in societal and

METHODOLOGY

SAMPLE SIZE OF DATA COLLECTION

The study was conducted using a quantitative research
design, specifically employing a survey method. The survey
was distributed to collect responses from 100 students who

were taking the Water and Wastewater Engineering course
in semester October 2023 — February 2024. The aim of the
survey was to gather data on the effectiveness of innovative
teaching and learning strategies implemented in the course.
The survey consisted of four questions, including both
closed and open-ended questions. The closed-ended
questions were designed to measure students’ perceptions
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of the Water and Wastewater Engineering course, the most
difficult topics in the course, and their favorite teaching
methods. Open-ended questions provided students with
the opportunity to give more detailed feedback on specific
aspects of the teaching strategies.

DATA COLLECTION METHOD

The survey designed for students in the Water and
Wastewater Engineering course is structured into four main
sections, each aimed at gathering specific types of data to
enhance the course’s effectiveness.

Section A focuses on collecting feedback from current
Diploma Civil Engineering student’s semester October
2023 — February 2024. This section evaluates students’
overall perceptions of the course, including their
satisfaction levels, perceived quality of the course content,
difficulty of the topics covered, and their interest in the
subject. Students rate these aspects on a Likert scale, with
1 indicating not interested, less interested, moderate,
interested, and 5 indicating very interested. This section
aims to identify areas for improvement and understand the
general reception of the course material.

Section B assesses students’ understanding of specific
challenging topics within the course. Students are asked
to rate their understanding of chapters on hydrology, the
importance of water resources and water treatment
processes, and wastewater characteristics and treatment on
a scale from the most difficult topic to least difficult topic.
Additionally, students select the five most challenging

topics in the course. This information helps pinpoint which
chapters or concepts students struggle with the most,
guiding targeted for improvements.

Section C explores students’ preferences for teaching
methods. Students are asked to identify the teaching
method they find most effective and to rank various
teaching methods in order of preference, from 5 (most
favorable) to 1 (unfavorable). This section aims to gather
data on preferred teaching methods, helping instructors
tailor their strategies to be more effective and engaging for
students.

The survey was distributed to students enrolled in the
Water and Wastewater Engineering course during semester
October 2023 - February 2024. The survey was via online
google survey, allowing easy access and submission, and
responses were collected over a two-week period to ensure
ample time for participation. Once the survey period ended,
responses were compiled and then organized into a
spreadsheet for analysis. In this survey, Likert scale
responses were averaged to gauge general trends in
satisfaction, quality, difficulty, and understanding. Open-
ended responses and ranking data were qualitatively
analyzed to identify common themes and preferences. This
structured approach to data collection and analysis aims
to provide comprehensive insights into students’ perceptions
and challenges in the Water and Wastewater Engineering
course, ultimately enhancing the course’s effectiveness.
Table 2 shows survey questions distributed to students who
enrolled in this course in the Semester October 2023 —
February 2024.

TABLE 2. Surveys distributed to diploma students for Water and Wastewater Engineering course

Section

Remarks

Section A:

Students’ perceptions of
the Water and Wastewater
Engineering course

Section B:

The students’ level of
understanding of the
challenging topics in the
Water and Wastewater
engineering course

Section C:
Favorite teaching methods

How satisfied are you with the Water and Wastewater Engineering course? (Scale: 1 = Very
Dissatisfied, 5 = Very Satisfied)

How would you rate the quality of the course content? (Scale: 1 = Poor, 5 = Excellent)

How difficult do you find the topics covered in the Water and Wastewater Engineering
course? (Scale: 1 = Very Easy, 5 = Very Difficult)

Interest in the Subject of Water and Wastewater Engineering with a scale of 1 (not interested)
to 5 (very interested).

How well do you understand the chapter of hydrology? (Scale 1=Not at all, 5=Extremely
well)

How well do you understand the chapter of importance of water resources and water
treatment process? (Scale 1=Not at all, 5=Extremely well)

How well do you understand the chapter of wastewater characterictics and wastewater
treatment? (Scale 1=Not at all, 5=Extremely well)

Select the five most challenging topics in the Water and Wastewater Engineering course?

Which teaching method do you find most effective in the Water and Wastewater Engineering
course?

Rank the following teaching methods in order of preference, from scale 5 =most favorite to
scale 1= least favorite:




IMPLEMENTATION OF TEACHING AND
LEARNING STRATEGIES

The second phase listed the comparison teaching and
learning approaches implemented for this course in the
Semester October 2022 — Februari 2023 and October 2023
— February 2024. Table 3 presents a comprehensive
summary of the subjects, sub-topics, contact hours, and
teaching and learning methods employed in two different
semesters for Water and Wastewater Engineering courses.
In this course, three sub-topics are listed: Hydrology, Water
Engineering, and Wastewater Engineering. This table also
shows the innovative strategies that were implemented in
October 2023 — February 2024. In October 2022 —February
2023, the conventional teaching and learning method,
namely lecture-based learning, was conducted in the
classroom only. This method was found to be less effective
and needs to be improved in the October 2023—February
2024 semester. Innovative teaching and learning strategies
such as Lecture-Based Learning, Intensive Coaching, Field
Trip as well as collaborative teaching by the industry are
proposed and carried out in the semester of October 2023
— February 2024.

Lecture-based learning is a conventional and
extensively employed approach to teaching in educational
environments, especially in higher education. It involves
an instructor delivering content to students in a structured
format, usually in a physical classroom or lecture hall.
However, this method may not encourage critical thinking
or problem-solving skills as effectively as other methods
and limited opportunities for hands-on practice or real-
world application of concepts. Although it has limitations
in terms of student engagement and interaction, the learning
experience can be improved by incorporating interactive
components, multimedia, and extra materials to provide a
more comprehensive and engaging learning experience.

Intensive coaching (Figure 2c¢) was conducted for
topics related to hydrology after students’ tests were
analysed for the coursework, which cover 30% of the
overall assessment marks. From the analysis, students
found weak were required to attend intensive workshops
conducted by instructors.

The intensive coaching focuses on the how to tackle
and answer final examination questions especially related
to the calculation questions. Techniques of answering
questions that require high-level thinking skills are also
taught to help students get a good result in the final exam.

In water engineering, innovative strategies such as
field trips/site visits are particularly beneficial for
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engineering students. This learning activity provides a
hands-on learning experience that enhances theoretical
knowledge gained in the classroom. For the Semester
October 2023- February 2024, a field Trip to the Gunong
Semanggol Water Treatment Plant was conducted to the
engineering students as shown in Figure 2(a). Students
have been brought to visit the plant under authorized by
Lembaga Air Perak. From this site visit, they can
understand the process of water treatment practically after
studying the theory related to water treatment during water
treatment. Students can observe in detail how raw water
is processed so that it is distributed to the surrounding
population. Field trip learning process greatly helps
students to understand the theory easily and effectively
learned in the classroom.

Additionally, community service learning is one of
the innovative strategies adopted in this course. Previous
study found that students enjoy working on community
projects and interacting with community partners (Piechota
& Nambisan, 2005). In the Semester October 2023 —
February 2024, engineering students were involved in the
Community Program of Project Wakaf Air at Kampung
Pahit Dalam, Gerik for water reticulation works, which is
related to the theory of water supply system (Figure 2(b)).

Other than field trips, collaborative teaching with
industry is an innovation of teaching methods especially
for engineering subject. In wastewater engineering, theory
on the wastewater treatment process is difficult and can be
complex. Understanding wastewater treatment involves
chemistry, physics, biology, microbiology, and engineering
principles and the treatment process relies on biological
processes involving various microorganisms and
interactions. Students should learn the theory related to the
processes of treatment of wastewater and wastewater that
have been used. Due to the complex processes, the
approach of collaborative teaching with industry experts
is conducted in this topic. From this approach, students
can understand how wastewater treatment processes as
well as sewage processes are carried out in a real
Wastewater Treatment Plant where the engineers who
operate the treatment plant are invited as a speaker in
explaining the wastewater treatment systems and processes.
With this, students gain a deep and clear understanding of
the wastewater and sewage treatment processes. Integrating
online collaborative teaching with industry can greatly
enhance students’ understanding and improve the
engagement and effectiveness of the learning process. This
approach improves the learning experience by providing
practical applications and real-world insights from industry
experts.
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TABLE 3. Teaching and Learning Strategies for Water and Wastewater Engineering Course

Topic Sub-Topic Contact T & L Strategy
Hour gem Oct 22 - Feb 23 Sem Oct 23 — Feb 24
(Previous) (Current)
Conventional Method Innovative Strategy
Hydrology 1.1 Introduction to hydrology 18 Lecture-based learning Lecture-based learning
1.2 Precipitation, Intensive coaching
1.3 Evaporation
1.4 Infiltration
1.5 Streamflow measurement
1.6 Application of Hydrology
Water 2.1 Importance of Water Resource 15 Lecture-based learning Lecture-based learning
Engineering
2.2 Water Demand Field trip
2.3 Water Quality Parameter Game-Based Learning,
2.4 Water Treatment Process
Wastewater 3.1 Wastewater Characteristic 9 Lecture-based learning Lecture-based learning
Engineering

3.2 Wastewater Treatment Process

3.3 Environmental Impact
Assessment (EIA)

Online collaborative
teaching with industry

FIGURE 2. Implementation of innovative strategies in teaching and learning in Semester October — February 2024, (a) Filed trip
to Gunong Semanggol Water Treatment Plant, (b) Community Program Project Wakaf Air at Kampung Pahit Dalam, Gerik, (c)
Intensive Coaching learning activities



RESULT AND DISCUSSION

STUDENTS’ SURVEY DATA: INTEREST OF WATER
AND WASTEWATER ENGINEERING COURSE

The pie chart as shown in Figure 3 illustrates the interest
levels of diploma students in the Water and Wastewater
Engineering course. Based on the 100 responses across
five categories, the results indicated that a significant
majority of the students (51%) are interested in the course,
followed by 24 % of students responding to the most
interested in the course. This highlights a strong overall
engagement with the subject matter. 23% of students rated
moderate interest, suggesting that while the course is
relevant, there is potential to enhance their engagement
further. In contrast, only 2% of students are less interested,
and none are completely uninterested in the subject.
Othman et al. (2022) found that implementation of the
Rasch Measurement Model to analyze the students’
perception, effectiveness, and challenges of the learning
process implemented in Engineering Mathematic Course.
This model analyse and identifies the feedback from the
students of the Mathematics course on their perspectives
and opinion toward the learning strategy implemented in
their course activity. Similar study on the students’
perception of the interest in the Water and Wastewater
Engineering course was conducted and it was found that
most diploma students are interested in and engaged in the
Water and Wastewater Engineering course. Overall, the
results are promising and indicate diploma students’ strong
interest in the Water and Wastewater Engineering course,
highlighting its importance and relevance in their academic
and professional development.

2%

H not interested
M less interested
[0 moderate
M interested

® most interested

51%

FIGURE 3. Interest in the Water and Wastewater Engineering
(ECW331) course
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STUDENTS’ SURVEY DATA: DIFFICULT TOPIC IN
WATER AND WASTEWATER ENGINEERING
COURSE

Figure 4 shows the students’ survey result for the most
difficult topic for Water & Wastewater Engineering subject.
The “Water Treatment Process” is perceived as the most
difficult topic, with 54 responses (54%) followed by
“Wastewater Treatment”, with 51 responses (51%). In this
topic, understanding water and wastewater treatment
processes can be difficult due to complexity of the scientific
concepts which requires knowledge of chemistry, biology,
engineering, environmental science, and microbiology to
adapt treatment processes to different conditions and
contaminants and thus ensuring the safety of treated water.

As referred to Figure 4, moderately difficult topics are
“Streamflow Measurement”, “Rational Method”, “Water
Quality (Drinking)”, and “Environmental Impact
Assessment” each have 43 responses (43%), indicating
these topics are also considered quite challenging. Topics
such as “Streamflow Measurement”, “Rational Method”
involve various equations used in solving calculation
questions related to determination discharged using rational
method, mean velocity method and mid-section method.
Lack of exercise leads students to predict these topics
difficult to learn. Other challenging topics is “Importance
of Water Resources” has 38 responses (38%), while
“Evaporation” and “Infiltration” each have 36 responses
(36%). Both “Evaporation” and “Infiltration” are also
related to the calculation questions, which can be evaluated
via test and final exam. The detailed calculations as well
as the in-depth topics “Evaporation (estimation of
evaporation and evapotranspiration)” and “Infiltration
(estimation of infiltration indices and surface retention)”
that need to be studied cause difficulties for engineering
students. However, “Introduction to Hydrology” is
considered the least difficult, with only 8 responses (8%).
Most of student stated that this topic is least difficult
because it provides an overview of hydrological process
and concepts such as rain, river, lakes, and other water
bodies, can be readily noticed in everyday life, thereby
facilitating the learning process.

To overcome the problem regarding the difficulty of
the topic, one field visit to the water treatment plant was
conducted. The student visit to a water treatment plant
aimed to enhance understanding of water treatment
processes, environmental sustainability, and the practical
application of classroom knowledge. Pre-visit preparations
included briefing sessions on basic concepts and safety
guidelines, supported by educational materials such as
handouts and videos. During the visit, students participated
in an introductory session where plant staff provided a
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plant history overview and a safety briefing. They then
toured the facility, observing stages like intake, pre-
treatment, primary, secondary, and tertiary treatment, and
discharge, with hands-on activities like testing water
samples and laboratory analysis. Expert talks by plant
engineers and environmental scientists, followed by
interactive question and answer sessions, enriched the
students’ learning experience. Post-visit activities involved
debriefing sessions, assignments, and feedback collection

Env Impact Assessment
Wastewater Treatment
Water Treatment Process
Water Quality

Water Consumption
Importance of Water Resource
Rational Method
Streamflow Measurement
Infiltration

Evaporation

Precipitation

Introduction to Hydrology 8
r

to reinforce learning outcomes and gather student insights.
The visit fostered practical understanding, increased
awareness of water conservation, and provided career
insights into environmental science and engineering.
Overall, the visit had a positive educational impact, as
evidenced by student feedback.

In addition, collaborative teaching for topic wastewater
treatment process with invited speakers from industry also
been done in the Semester October 2023 — February 2024.
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I FFFFFrFPFFFFF] 31

0
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% of students

FIGURE 4. The most difficult topic for Water & Wastewater Engineering subject.

STUDENTS’ SURVEY DATA: FAVOURITE
TEACHING METHOD

Figure 5 depicts the preferences of participants for different
teaching methods, rated from 1 (unfavorable) to 5 (most
favorable). Each method is represented by a set of colored
bars indicating the number of responses for each rating.

Based on Figure 4, expeditionary learning such as field
trip and site visit received the highest preference, with 40
participants rating it most favorable. This strong preference
highlights the value participants place on experiential and
hands-on learning. 35 students also hold a positive
perspective on “intensive coaching”, with a significant
number of students rating it favorable, although there is a
notable portion of neutral responses.

As a summary, the most preferred method,
“Expeditionary Learning (Field Trip/Site Visit)” is highly
favourite, indicating a strong preference for interactive and
hands-on experiences. Expeditionary learning, or field trip
learning, is an educational approach that emphasizes direct,
hands-on experiences outside the traditional classroom
setting. Students benefit from field trips, which offer
informal learning in a formal learning environment
(Behrendt & Franklin 2014). Formal classrooms can make
subjects seem unimportant, boring and challenging to learn
and understand (Prokop and Tunnicliffe, 2007). The field
trips approach involves taking students to various locations
for real-world activities and observations related to their

curriculum. Key concepts include experiential learning,
real-world context, and an interdisciplinary approach,
which enhance engagement, motivation, and deeper
understanding. Benefits include the development of soft
skills and increased cultural and environmental awareness.
Examples of activities include science field trips, historical
site visits, industry visits, environmental studies, and
community projects. Successful implementation requires
thorough pre-trip preparation, active participation during
the trip, and post-trip reflection. The similar findings
indicated that educational field trips have a positive impact
on exploring learning experiences, facilitating students’
engagement with advanced learning, offering a hands-on
approach to the curriculum, and fostering students’
enthusiasm for studying (Rugaiyah 2022). Adam (2016)
have conducted experimental research related to the
effectiveness of the field trip strategy and conventional
method on the writing skills of students at SMA Kota
Ternate, and it was found that teaching descriptive text
using the field trip strategy is more effective than the
conventional method.

Overall, expeditionary learning such as field trips and
site visits fosters a profound connection to subject matter,
essential life skills, and lifelong learning. It can also serve
to address various challenges in the classroom and enhance
students’ ability to analyse feedback and exercise
imagination, enhancing their learning experience
(Rugaiyah 2022).
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FIGURE 5. Preferred teaching method for Water & Wastewater Engineering subject

Least preferred “Collaborative Teaching with Industry
Speaker” is generally unfavourable, though it has a notable
minority who highly prefer it. “Lecture-based learning”
and “technology/game-based learning” show a diverse
range of responses, indicating mixed opinions among
students. Learning approach using flipped classroom
environment, integrating the ZOOMRBT device
application, is one of technology-based learning that
employs mastery-based instruction, for boarding schools.
Students can utilize the app’s messaging or collaboration
facilities to discuss concepts, exchange ideas, and work
together on tasks (Nasir & Mukhtar 2024).

Overall, students show a clear preference for various
innovative strategies of learning methods. It emphasises
the significance of integrating hands-on and engaging
learning experiences, such as field trips, which are much
preferred by students. Conversely, teaching and learning
activities like online collaborative teaching with industry
speakers may require reassessment and improvement to
address student dissatisfaction. It is also suggested to
change the delivery method from online collaborative
teaching to face to face in order to provide a more structured
and focused learning environment for this course.

In addition, a small number of enrolled students were
invited to participate in the semi-structured interviews, to
assess the student satisfaction with the innovative teaching
and learning strategies implemented in the Semester
October 2023 — February 2024. This interview was
conducted to get feedback on the effectiveness of
innovative strategies in teaching and learning that have
been carried out and suggestions for improvements needed
in the future. The interview provided students with:

1. Suggest what improvements should be made for
the future to improve the quality of student
achievement in this subject?

Example suggestions and improvements include:

“Expand the game-based learning activity so that it
can improve the intelligence of students and can detect
where students are lacking.”

“I propose the necessity of broadening the range of
learning activities by incorporating do-it-yourself
(DIY) projects to provide a tangible representation of
a specific concept, as well as organising outdoor
activities like site visit to water and wastewater
treatment plants.”

“Increase the number of site visits to enhance students’
understanding and industry linkage.”

“Suggested to increase the site visit program in the
future so that students are exposed to water engineering
applications in the site.”

“Water engineering topics, such as water and
wastewater treatment processes are difficult to
comprehend through lecture-based learning in
classroom. Therefore, physical comprehension is more
than just theoretical.”

Overall, most of the students preferred expeditionary
learning such as site visits to bridge the gap between
theoretical knowledge and practical application, providing
engineering students with a comprehensive learning
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experience. It also encourages students to identify and
analyse real-life problems and develop practical solutions
based on their observations. Field trips/site visits require
carefully planned to enhance higher-order thinking
abilities. Foo & Foo (2022) present a deliberate design for
an experiential field trip, aiming to detect and analyses the
higher-order thinking skills displayed in the three stages
(before, during, post) of the trip and mapping the skills
based on Bloom’s revised taxonomy. An essential
recommendation for the field trip is to conduct an
introductory or pre-trip session, where students can engage
together in discussions and acquire knowledge about the
activities they will be undertaking before embarking on
the trip (Achen et al. 2019). In addition, the faculty can
provide a networking skill workshop before the trip to
enhance students’ readiness for the experience and assist
them in creating questions for the experts they will
encounter on the trip. Integrating field trips into the learning
process can foster higher order thinking skills among
students, provided proper planning is carried out before
the trips and thus achieve the purpose of the field trips.

This this learning activity also engages students more
actively than traditional classroom activities and also
encourages teamwork and collaborative problem-solving.

EVALUATION OF STUDENTS’
PERFORMANCE: GRADING SCORE

Evaluating the academic performance of students is a
crucial aspect of the educational process, particularly in
engineering courses. In this study, the academic performance
of'this course was analysed based on two different cohorts
(Semester October 2022 — February 2023 and Semester
October 2023 — February 2024). Table 3 and Figure 6
compare the number of students’ performance between two
semesters: October 2022 - February 2023 (Previous) and
October 2023 - February 2024 (Current). In October 2022
— February 2023, 72 students out of 152 students (47.4%)
had failed this course which exceeded the failure limit of
25% which had been set by Academic Affairs.

TABLE 3. Comparison of students’ performance Semester October 2022-February 2023 & October 2023 -February 2024

Semester No of students (PASS)

No of students (FAIL) Total

A+ A, A- B+, B, B-

C+C

C-toF % Fail (%) students

Oct-Feb 2024 23 67

(Current)

Oct-Feb 2023
(Previous)

34

17

43

3 2.7% 110

72 47.4% 152

B Oct-Feb 2023 (Previous)

70 - 67

50 A

34
30 4

No of students

23

10 A

A+ AA- B+,B,B- C+,C

B Oct-Feb 2024 (Current)

C-,D+,D
Grading Score

FIGURE 6. Students’ performance based on the grading score



Through innovative teaching and learning strategies
that have been implemented in October 2023 - February
2024, the students’ performance has shown a drastic
increase in results as well as a reduction in the percentage
of failures, as shown in Figure 6. The number of students
receiving A’s has sharply increased from 5 to 23, while the
number of students receiving B+, B-, and B- has increased
from 34 to 67. The data suggests a significant overall
improvement in student performance from the previous
semester to the current semester. There are more students
achieving higher grades (A range) and fewer students in
the lower grade ranges (C, D, and E). Meanwhile, the
overall failure percentage also decreased to only 2.7%
compared to the previous semester, which was 47.4% (refer
to Table 3).

In addition, the percentage of students who pass as
well as get a good grade average also increases as shown
in Figure 7. The percentage of students who got grades A+,
A, A- increased from 3% (October 2022 - February 2023)
to 21% (October 2023 - February 2024). For those who
get grades B+, B, or B-, a very encouraging increase from
22% (October 2022—February 2023) to 61% (October
2023—February 2024). For the October 2022—February
2023 semester, the percentage of students who scored
grades C to F increased, further indicating the decline and
failure in the student examination results.
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The conventional techniques were implemented in
the previous semester (October 2022-February 2023),
while innovative strategies were implemented for the
current semester (October 2023-February 2024). According
to the findings, most students’ performance notable increase
is observed in the range of B+ to B-, with a significant rise
from 22% (Conventional method) to 61% (Innovative
strategy). A positively skewed distribution was presented
based on the current grading scores of overall students,
which indicated a significant improvement in grading
scores after implementing an innovative strategy in the
current semester. In addition, lower grades (C-, D, E, and
F) have decreased significantly, indicating a general shift
towards higher students’ performance in this course.

Through the Field trips and site visits conducted in
the Semester October 2023 — February 2024, it allows
students to actively explore issues in real settings and learn
via hands-on experience, which is crucial for planners and
designers (Pattacini, 2018). Therefore, the innovative
strategies in teaching and learning such as field trip to
Gunong Semanggol Water Treatment Plant, involvement
in Community Programme of Project Wakaf Air at
Kampung Pahit Dalam, Gerik and intensive coaching such
as tutorial and revision class in small groups are proven
very effective and help improve the quality of engineering
students’ achievements.

—4—Oct-Feb 2023 (Conventional)

70 4

% of students

—«— Qct-Feb 2024 (Innovative Strategies)

B+,B,B- C+,C
Grading score

C-,D+,D E F

FIGURE 7. Comparison of academic students’ performance using conventional and innovative T & L strategies

STUDENTS’ PO ATTAINMENT

Attaining program outcomes (PO) is an essential element
of higher education programs, particularly in engineering
courses, as it guarantees that graduates are adequately

equipped to fulfil professional, industry, and societal
requirements. In this study, the students’ performance was
measured via program outcomes (PO) to fulfill the ETAC
requirement for Diploma in Engineering program.
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Figure 8 (a) and Figure 8 (b) show the overall PO
attainment and PO attainment based on the students’
performance for this course respectively. Test and final
exam mapped with PO3 which evaluate on the design
solutions for well- defined technical problems and assist
with the design of systems, components or processes to
meet specified needs with appropriate consideration for
public health and safety, cultural, societal and environmental
considerations. In addition, assignment mapped to PO7:
Understand and evaluate the sustainability and impact of
engineering technician work in the solution of well-defined
engineering problems in societal and environmental
contexts. As shown in Figure 8a, PO3 increased from 41
% to 64% for both assessments after implementing
innovative strategies in the current semester as shown in
Figure 8(a). Meanwhile, PO7 gradually increased from
84% to 86%. This trend is similar to Osman et al. (2011),
where the majority of students’ achievement in final
examination in the range of 51 - 60%. It found that students’
fundamentals in engineering aspects are still weak. Osman
etal, (2012) mentioned that students who possess a strong
basic knowledge in fundamental courses are easier in
solving engineering problems compared to those who only
memorize the course for examination purposes. Therefore,
the innovative strategies implemented in Semester October
2023 —February 2024 showed positive improvement in
achieving more than 50% of PO3, which focused on the
test and final examination.

Figure 8b depicts the percentage of Program Outcome
(PO) attainment for two different semesters: October 2022
-February 2023 (previous) and October 2023-February
2024 (current). The result compares three assessment
methods: Test (PO3), Assignment (PO7), and Final

Examination (PO3). Based on Figure 6b, it was observed
that the PO attainment for final exam increased from 31%
(previous) up to 60% for current semester. The significant
increase of 29% in PO attainment for the final examination,
indicating a substantial improvement in students’
understanding and performance in the final examination
for this program outcome. There is an 11% increase in PO
attainment for the test from the previous semester (59%)
to the current semester (70%), indicating an improvement
in students’ performance based on the effectiveness of
teaching methods for this outcome. Both assessments for
the test and final examination covered cognitive domain
which involves the development of mental skills and
knowledge in water and wastewater engineering course.
For assignments, there is a slight increase of 2% from
previous semester (84%) to the current semester (86%) in
PO attainment for the assignment. This suggests a
consistent high level of performance in assignments with
a slight improvement. The result indicates an overall
positive trend in PO attainment across all assessment
methods, with the most substantial improvements seen in
final examinations and tests. Assignments remain a strong
method for achieving program outcomes, with slight
improvements observed.

Overall, the implementation of innovative strategies
in teaching and learning such as intensive coaching, field
trip to Gunung Semanggol Water Treatment Plant,
Community Programme of Project Wakaf Air and
collaborative teaching with industry that has been carried
out in the October 2023 - February 2024 semester is very
helpful to improve students’ result and proven the positive
change in students’ performance in this course.

100 4 (a)
— 90 84 86
2
= 80
c
£ 70 64
c
= 60
£
S %07 41
o
o 40 4
9 30
[

o 20 4
=
© 10 4
0
CO1PO3 C0O2P0O7
& Oct-Feb 2023 (Previous) @ Oct-Feb 2024 (Current)

100 - a6 (b)
90 4 84

80 A 70
70 4
60
50 4
40 1 3
30 1
20 4

% PO Attainment

Test (PO3) Assignment (PO7) Final Exam (PO3)

B Oct-Feb 2023 ( Previous) @ Oct-Feb 2024 (Current)

FIGURE 8. (a) Overall Program Outcome (PO) and (b) PO Attainment based on the students’ assessment

CONCLUSION

An innovative teaching and learning strategy are essential
to ensure the student’s performance. The academic
performance of diploma engineering students’ increased

drastically and the failure sudden decreased from 47.4%
(72 students) drop to 2.7% (3 students) after implementation
of various innovative strategies in Water and Wastewater
Engineering course. This proved that the changes from
conventional approach to innovative strategies enhanced



the students’ performance especially in the test and final
exam. By referring to the surveys’ analysis, expeditionary
and technology-based learning is a powerful and favorable
approach that enhances academic learning and thus
prepares students for the complexities and challenges of
real life. This approach is recommended especially for
engineering students, especially for challenging and
introductory courses engineering students in Malaysia.
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