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Abstract 
This quantitative classroom intervention study investigated the effectiveness of 
using mnemonics to enhance preservice teachers’ conceptual understanding of 
the topic of wave properties in physics. The study involved a sample of 30 final-
year undergraduate preservice teachers enrolled in the Bachelor of Education 
Honours, Senior Primary with specializations in Natural Science and Health 
Education at Dorado Campus of The International University of Management 
in Namibia. The primary objective was to assess the impact of a targeted 
mnemonic-based instructional intervention on their ability to comprehend and 
apply key physics concepts related to wave properties. Initially, participants’ 
baseline understanding of these concepts was evaluated through pre-intervention 
assessments, which provided a measure of their existing knowledge. A structured 
mnemonic-based teaching intervention was then implemented over a specified 
period, designed to facilitate improved understanding of wave properties. 
Following the intervention, post-assessment evaluations were conducted to 
compare and measure changes in the participants’ conceptual understanding of 
the subject matter. This comparative analysis aimed to identify any significant 
improvements resulting from the mnemonic-based instruction. The findings 
indicated that there were notable improvements in the participants’ conceptual 
grasp of wave properties after the mnemonic-based intervention. Additionally, 
the study collected and analyzed participants’ feedback regarding the use of 
mnemonics, offering insights into their perceptions of the technique’s 
effectiveness as a pedagogical tool for learning complex scientific concepts. This 
research contributes to the broader field of physics concepts by providing 
evidence-based strategies to enhance the preparation of preservice teachers, 
particularly in physics education. Ultimately, the results of this study have the 
potential to inform and improve teaching practices, fostering more effective and 
engaging educational experiences in future science classrooms. 
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1. INTRODUCTION 

Most teacher-training institutions across the globe emphasise the construct of active learning 
(Moreira et al., 2021; Rodrigues, 2020; Rodríguez-Sabiote et al., 2020; Røe et al., 2022) particularly for 
undergraduate students trained in the fields of science, technology, engineering, and mathematics (STEM). 
Active learning is acknowledged as an effective teaching pedagogy by many scholars, as it provides students 
with equitable learning outcomes (Howell, 2021; Lombardi et al., 2021; Theobald et al., 2020). The 
pedagogical landscape of contemporary science education is shaped by various factors that hinder students’ 
understanding of scientific concepts, with a particular emphasis on the domain of physics (Sommeillier et 
al., 2021; Stinken-Rösner et al., 2020). Significantly, among these factors are challenges associated with their 
effective conceptualisation of scientific principles. These factors may encompass challenges associated with 
inadequate opportunities for hands-on experimentation, limitations of interactive learning experiences, and 
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a lack of real-world applications within the instructional framework of physics (Jesionkowska et al., 2020; 
Qureshi et al., 2023; Smith & Gillespie, 2023). According to Rouse (2019), conceptual understanding in 
physics education is foundational to students’ ability to apply principles, solve problems, and engage 
meaningfully with the subject.  

An in-depth conception of fundamental concepts, such as those related to general wave properties, 
is vital for students pursuing careers in science education. The study of waves, specifically longitudinal and 
transverse waves in physics, is essential for comprehending various natural phenomena, from sound 
propagation to electromagnetic radiation. Moreover, according to Olaniyan (2022), a student’s grasp of 
mechanical waves is essential, forming a foundation for comprehending topics such as physical optics, 
quantum mechanics, electromagnetic radiation, and other subjects to be presented in the ensuing years. 
However, many research study have shown that undergraduate students often grapple with distinguishing 
between these wave types in terms of their descriptions, production, propagation (wave travel) and 
representations on diagrams and/or wave forms, highlighting the need for effective pedagogical strategies 
to enhance their conceptual understanding (Lass & Donai, 2021). 

Mnemonics are often used in teaching science concepts to enforce active learning and conceptual 
understanding of science concepts. The word mnemonic has its original roots from the Greek word 
‘mnemonikos’, signifying something “of or related to memory” and it is classified as a technique designed 
to enhance memory (Cheriti et al., 2023; Nakamura, 2022). Moreover, Cheriti et al. (2023), outlined that the 
term “mnemonics generally refer to any device that can frequently improve the way that knowledge is sorted 
or learned and afterward remembered” (p. 8). Mnemonics play a pivotal role in facilitating conceptual 
learning by providing memory aids and organising information in a memorable way (Al-Maqbali et al., 2022; 
Cheriti et al., 2023; Nakamura, 2022). Furthermore, Al-Maqbali et al. (2022), outlined that mnemonics are 
recognised as tools or devices that help to assist students in recalling information by generating mental cues 
designed to retrieve the desired information. Moreover, a mnemonic is a strategy wherein information slated 
for retention is encountered along a predefined route through imagined locations, establishing robust spatial 
and visual associations between the content and distinct settings and vivid images. (Drigas et al., 2022).  

Researchers have identified three essential principles for successful mnemonics to involve the 
utilisation of structure, reinforcement to establish distinctive memories, and prompts to facilitate 
information retrieval (Nakamura, 2022). To this end, a consensus among many researchers and scholars 
regarding the use of mnemonics in teaching science, is that mnemonics encompass any device, technique, 
or strategy primarily employed to convert difficult-to-retain information into something that is memorable 
and easily retrievable, consequently improving memory performance (Akpan et al., 2021; Cheriti et al., 2023; 
Ni & Hassan, 2019). Mnemonics come in many types such as: loci method, keyword method, first-letter 
mneumonic, rhyme, peg-word mnemonic, spatial grouping, the finger method etc., (Cheriti et al., 2023). 
The mnemonics used in this paper are first-letter mnemonics. 

Properties of waves, including the characteristics of waves such as amplitude, frequency, and 
wavelength, are central constructs to understanding diverse physical phenomena which are concepts that 
are taught to final year students in Natural Science & Health Education (NSHE) at the university at which 
this study was conducted. For instance, the ability to differentiate between longitudinal and transverse 
waves is crucial for comprehending how energy is transmitted in various mediums. A solid grasp of wave 
properties is also indispensable in fields like acoustics, where understanding the relationship between 
amplitude and frequency is vital in explaining the perception of sound loudness and pitch (Lass & Donai, 
2021; Whiting et al., 2022). 

 

1.1. The Role of Mnemonics in Facilitating Learning 

Mnemonics, as memory aids or learning tools, can play a pivotal role in enhancing students’ 

conceptual understanding of scientific phenomena (Al-Maqbali et al., 2022; Cioca & Nerișanu, 2020). To 
ease students’ understanding, Figure 1., which shows the diagrammatic difference between transverse and 
longitudinal waves from which the researcher developed the TIL and LaPf mnemonics has been presented 
hereunder. 

 In this study, the researcher introduces the “TIL” and “LaPf” concepts as mnemonics to help 
students remember and conceptualise the general properties of waves in physics. Particularly, the TIL 
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concept used as mnemonic as depicted in Figure. 2, will be used by students to be able to distinguish 
between longitudinal and transverse waves, despite the students’ difficulties in distinguishing the two 
concepts. In addition, the current research study addresses this challenge by introducing the TIL concept 
as mnemonic which aims to facilitate an understanding of the differences between the two wave types, 
providing students with a structured approach to conceptualising and remembering key distinctions.  

 

Figure 1. The Diagrammatic Difference between Transverse and Longitudinal Waves 

The differences offered by the TIL concepts lies in the way, transverse and longitudinal waves are 
produced, propagated and distinguished in terms of how the wave propagation (wave travel) and 
disturbance either form perpendicular or parallel lines. Thus, the “TIL” mnemonic relates transverse to 
longitudinal waves in terms of how they are produced and propagated. In terms of transverse waves, the 
disturbance is always perpendicular to the propagation and/or the direction in which the wave travels 
(Argudo & Oh, 2022; Bennett, 2022), thus the “T” part of the TIL shows how perpendicular lines on the 
head of a T and on the tail of a T are denoted (see Figure 2). Moving on to the longitudinal waves, the “IL” 
part of the TIL shows the two parallel lines, because in longitudinal waves, the disturbance and the 
propagation are parallel (Barile et al., 2023; Xi et al., 2022) to each other (see Figure 2). 

  

 

Figure 2. The TIL Concept (Source: Author, 2023) 

In terms of the LaPf mnemonic which relates how the properties of sound waves (loudness and 
pitch) are influenced by amplitude and frequency (Devkota, 2019), the researcher will demonstrate how his 
mnemonic strategy not only aids in memorisation but also fosters a deeper understanding of the 
relationships between wave properties.  

 

Figure 3. The LaPf Concept (Source: Author, 2023) 
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Figure 3 represents the researcher’s developed LaPf mnemonic. Through the LaPf mnemonic, it is 
believed that students will be able to remember the properties of waves responsible for the changes in the 
properties of sound in terms of its loudness and pitch (Devkota, 2019). 

Students often encounter challenges when distinguishing between the two fundamental properties 
of waves that significantly influence the quality of sound such as the loudness and pitch, particularly when 
examining waveforms (Iliaki et al., 2019). As outlined earlier, loudness corresponds to the amplitude of a 
wave, representing the magnitude or intensity of the sound (Rumsey, 2021). On the other hand, pitch is 
associated with the frequency of the wave, indicating how high or low the sound is perceived (Gockel et 
al., 2020; Hirst & de Looze, 2021).  

When students are encountered with waveforms to distinguish how the pitchiness of a sound note 
relates to its loudness, the challenge arises because changes in amplitude and frequency can manifest 
differently in waveforms, sometimes leading to confusion (Amin et al., 2023; Mari-Acevedo et al., 2019). 
For instance, a visually intense waveform might be mistakenly associated with higher pitch instead of 
increased loudness (Braun et al., 2020; Soland, 2022). The particulars of waveforms and the intriguing 
correspondence between amplitude and frequency require students to develop a keen understanding of 
wave properties and the corresponding perceptual aspects of sound (Lass & Donai, 2021; Steiglitz, 2020). 
This challenge emphasizes the importance of either hands-on, interactive learning experiences and/or the 
use of mnemonics that allow students to visualize, manipulate and remember (Akhter et al., 2021; Cioca & 

Nerișanu, 2020; Liao et al., 2019) waveforms depicting high/low pitch as well as loud/soft sounds 
respectively, fostering a deeper understanding of the complex connection between wave characteristics and 
the perceived qualities of sound. Waveforms depicted in Figures 4 and 5 are used to indicate how the LaPf 
mnemonic may be useful in helping students to understand and remember how pitch and loudness of a 
sound note relates to the frequency and amplitude respectively. 

 
  

 

Figure 4. Two Waveforms Showing How the Loudness of a Sound Note Compares 

For example, as it can be seen in Figure 4., waveforms 1 and 2 display objects producing sound notes 
with the same pitch (as their frequency is the same, they all have two complete 
waves/oscillations/vibrations and/or cycles and hence have a frequency of 2 Hz, provided that the waves 
were produced in one second), however their loudness is different. Waveform 1 is louder than waveform 
2, (it has a greater amplitude than waveform 2). 

 
  

 

Figure 5. Two Waveforms Showing How the Pitch of a Sound Note Compares 

Waveforms 3 and 4 have the same loudness (as their amplitude is the same). Waveform 3 has a low-
pitched note than waveform 4 (as its frequency is lower than that of waveform 4: in waveform 3 there is 
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only once complete wave/oscillation/vibration and/or cycle, whereas in waveform 4, there are for 
complete waves/oscillations/vibrations and/or cycles) provided, all these waves were produced in one 
second. 

Apart from the TIL and the LaPf mnemonics, an already developed ‘Isaac Newton’s colour 
sequence’ (red, orange, yellow, green, blue, indigo, violet) – ROYGBIV mnemonic (Webster, 1966) which 
helps students to remember the order of colours in the visible light spectrum (the colours of the rainbow) 
in terms of the differences between their frequency and wavelength will also be incorporated to strengthen 
the scope of mnemonics usage in physics. By incorporating mnemonic strategies, this study aims to enhance 
preservice teachers’ conceptual understanding of properties of waves, paving the way for more effective 
teaching and learning experiences in physics education for preservice teachers. 

Physics education in Namibian science classrooms has seen significant strides, exacerbated by the 
lack of proper training of teachers by means of the incorporation of different teaching strategies (Akuma 
& Callaghan, 2019; Fitzgerald et al., 2019). However, there remains a noticeable gap in the literature when 
it comes to the conceptual understanding of general wave properties. While existing studies may have 
dwelled upon certain aspects of wave theory (Cheriti et al., 2023; Nakamura, 2022), there is a lack of 
comprehensive research specifically addressing the challenges faced by preservice teachers in understanding 
the particulars of wave properties. The current study aims to bridge this gap by probing unique challenges 
faced by preservice teachers in Namibian classrooms when teaching and learning about properties of wave. 
By focusing on the conceptual understanding of these fundamental principles, the research seeks to 
contribute valuable insights that can inform improvements in physics education methodologies, particularly 
at teacher training institutions in Namibia. 

Furthermore, within the broader context of science education, the use of mnemonics as a teaching 
tool is an area that requires more attention in the Namibian context. Mnemonics, which involve memory 
aids or devices, have been proven effective in various educational settings (Farrokh et al., 2021; Johnson et 
al., 2020; Jones et al., 2021). However, their application and impact on enhancing conceptual understanding 
in physics, especially in the Namibian context, have not been extensively explored. The current study also 
aims to fill this gap by investigating the usefulness of mnemonics as a pedagogical approach to improve 
preservice teachers’ conceptual understanding of properties of waves. By combining the specific focus on 
wave properties with the innovative use of mnemonics, the study seeks to provide a holistic framework for 
advancing science education practices in Namibian classrooms.For preservice science education teachers, 
mnemonics can serve as effective instructional strategies as presented under the following headings. 

 

1.1.1. Aiding Memory Retrieval 

According to Tullis and Qiu (2022), mnemonics provide students with memory prompts that help 
them recall complex physics concepts more easily. Mnemonics play a crucial role in aiding memory retrieval 
by providing learners with effective strategies to recall information (Akpan et al., 2021; Hartman & Nelson, 
2021). One widely recognized mnemonic technique is the use of acronyms, where the initial letters of a set 
of items are arranged to form a memorable word or phrase (Auliya, 2023; Kurniarahman, 2023; Radović & 
Manzey, 2019). As there exist a number of mnemonic representations, the focus of this study was on the 
first-letter mnemonics as outlined earlier. For instance, in the field of biology, the acronym “DNA” serves 
as a mnemonic for the complex term “deoxyribonucleic acid” (Weinberger & Merhav, 2022). In chemistry 
for example, the mnemonic “LEOGER” helps students to recall the processes of oxidation and reduction. 
“LEOGER” denotes that “loss of electrons is oxidation, gain of electrons is reduction” (Casparian & 
Sirokman, 2016). Lastly in physic, the already presented “ROYGBIV” mnemonic represents the colours of 
the visible light spectrum such as Red, Orange, Yellow, Green, Blue, Indigo, Violet (Branaghan et al., 2021; 
Nakamura, 2022; Newton, 2022). This association helps learners quickly retrieve the relevant information 
during exams or discussions. Similar to Kılıç and Yolbulan Okan (2021), the method of creating vivid 
mental images or associations through the use of rhymes and alliteration enhances memory retrieval. The 
rhythmic and repetitive nature of mnemonics thus assists in reinforcing connections between information 
and facilitates easier recall, contributing to a more efficient learning process (Tomczak & Lew, 2019; 
Williams, 2022). 

Memory retrieval is a crucial aspect of the cognitive processes underlying learning and information 
retention (Baddeley, 2020; Cowan et al., 2020). Mnemonics, a set of memory aids or techniques designed 
to facilitate the recall of information, have been widely studied and applied in various educational and 
cognitive contexts (Farrokh et al., 2021; Jones et al., 2021; Siagian et al., 2023). These mnemonic devices 
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influence the inherent structure of information to create associations that make it easier for individuals to 
retrieve stored knowledge. The effectiveness of mnemonics in aiding memory retrieval has been a subject 
of extensive research, with numerous studies demonstrating their utility across diverse domains (Jones et 
al., 2021; Roheger et al., 2020; Tullis & Qiu, 2022). One of the key advantages of mnemonics in aiding 
memory retrieval is their ability to enhance encoding and consolidation processes (Cowan et al., 2021; Greve 
et al., 2019; Wanner et al., 2020). By associating new information with familiar concepts or creating glowing 
mental images, individuals can create robust memory traces that are more easily retrievable. This encoding 
specificity, where the cues used during learning are matched during retrieval, enhances the likelihood of 
successful recall (Cowan et al., 2021; Cowan et al., 2020). Mnemonics, therefore, serve as cognitive scaffolds 
that support the construction of a more organized and interconnected mental representation of 
information, facilitating efficient retrieval. 

Furthermore, mnemonics cater to the human brain’s inclination towards pattern recognition and 
associative thinking. The method of loci, for instance, involves associating pieces of information with 
specific locations in a familiar environment (Caplan et al., 2019). This spatial organization taps into the 
brain’s spatial memory systems, providing a structured framework for retrieving information (Berki, 2019; 
Diaz-Orueta et al., 2022). Similarly, the phonetic and semantic associations employed in mnemonic 
techniques exploit the brain’s natural inclinations, making it easier to recall information by leveraging pre-
existing cognitive pathways (Sperber, 2019). 

The versatility of mnemonics is evident in their application across diverse learning environments. 
From aiding students in memorizing complex sequences of information to supporting individuals with 
cognitive impairments (Bravou & Drigas, 2019), mnemonics have proven to be adaptable tools for memory 
enhancement (Baddeley, 2020; Elsisi, 2023). Educational curricula often incorporate mnemonic strategies 
to assist students in remembering facts, vocabulary, and procedural information. Additionally, healthcare 
professionals use mnemonic devices to improve patient care by facilitating the recall of critical medical 
information, showcasing the broad applicability of these techniques. 

To this end, the literature overwhelmingly supports the use of mnemonics in aiding memory retrieval 
(Elsisi, 2023; Jones et al., 2021; Nakamura, 2022; Williams, 2022). Whether applied in educational settings 
or everyday life, mnemonics offer a powerful and accessible means to enhance memory performance. The 
cognitive processes underlying memory retrieval benefit from the structured and associative nature of 
mnemonic techniques, making them valuable tools for individuals seeking to optimize their learning and 
information retention abilities. As research in this field continues to evolve, further insights into the varied 
mechanisms through which mnemonics operate will likely contribute to the refinement and expansion of 
their applications. 

 

1.1.2. Facilitating Understanding and Promoting Retention 

Many scholars agree that mnemonics, as cognitive tools, have been employed for centuries to 
enhance memory and facilitate understanding across various domains (Anderson, 2019; Bein et al., 2021; 
Çolak & Aydın, 2022; Drushlyak et al., 2021; Papanastasiou et al., 2019; Szőllősi & Racsmány, 2020). The 
utilization of mnemonic devices has proven to be particularly effective in educational settings, where the 
goal is often not only to memorize information but also to comprehend and apply it. By optimising the 
power of association and visualization, mnemonics serve as aids in organizing and retaining complex 
information, ultimately paving the way for a deeper understanding of the subject matter. One key aspect of 
how mnemonics facilitate understanding is through the creation of meaningful connections (Hill, 2022; Ni 
& Hassan, 2019; Radović & Manzey, 2019). When learners associate new information with familiar concepts 
or existing knowledge, the mnemonic acts as a bridge between the known and the unknown. This process 
not only aids in memory recall but also fosters a more profound comprehension of the material. For 
instance, acronyms such as those presented earlier and initialisms are common mnemonic devices that 
condense information into easily remembered letters, linking abstract concepts to a more recognizable 
form. 

Moreover, the engagement of multiple senses in mnemonic techniques enhances the overall learning 
experience. Many mnemonic strategies involve visual, auditory, or kinaesthetic elements, catering to diverse 
learning styles (Islam, 2019; Makau, 2020). By appealing to different sensory modalities, mnemonics create 
a more immersive learning environment, making it easier for individuals to grasp and internalize complex 
information. The vivid mental images and associations formed through mnemonics contribute to a richer 
and more interconnected understanding of the subject matter. In addition to aiding memory and sensory 
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engagement, mnemonics can foster a deeper level of understanding by promoting active learning (Garnham 
& Gowers, 2023; Harris, 2022; Jaiswal, 2019). Mnemonic devices often require learners to actively 
participate in the creation and utilization of memory aids, turning the learning process into a dynamic and 
personalized experience. This active involvement not only reinforces the information but also encourages 
critical thinking and problem-solving skills, contributing to a more comprehensive understanding of the 
material. 

Furthermore, mnemonics can be instrumental in breaking down complex information into more 
manageable chunks (Dave, 2020; Norton, 2023). By condensing and organizing content through mnemonic 
structures, learners can navigate through intricate details with greater ease. This process of simplification 
promotes a step-by-step approach to understanding, allowing individuals to build a solid foundation before 
tackling more advanced concepts. Mnemonics thus serve as effective tools in scaffolding learning, guiding 
learners from basic comprehension to more sophisticated levels of understanding (Cheriti et al., 2023; DIF, 
2022; Kluger et al., 2022). Lastly, mnemonics play a crucial role in facilitating understanding by creating 
meaningful connections, engaging multiple senses, promoting active learning, and aiding in the organization 
of complex information. These cognitive tools empower learners to move beyond mere memorization, 
fostering a deeper and more comprehensive grasp of the subject matter. As education continues to evolve, 
the strategic integration of mnemonics into instructional practices holds the potential to enhance the quality 
and efficiency of learning experiences across diverse fields. 

As this study used an intervention using pre and post intervention assessments, these assessments 
focused on the conceptual understanding of properties of waves among preservice NSHE teachers in 
Namibia. The assessment involved a detailed analysis of their performance through pre- and post-
intervention multiple-choice test questions. The pre-intervention test evaluated preservice teachers’ 
accuracy in selecting the appropriate options, and their responses to the multiple-choice questions were 
analysed using descriptive analysis. The aim was to assess the effectiveness of the questions in determining 
preservice teachers’ conceptual knowledge and to identify potential patterns in the distribution of their 
responses. Following the intervention on the usage of mnemonics to enhance students’ understanding, 
post-assessments were conducted to measure the impact of the mnemonic-based teaching. A comparison 
was made between the participants’ conceptual understanding before and after the intervention, providing 
insights into the effectiveness of the teaching approach. This comprehensive analysis aimed to not only 
evaluate the preservice teachers’ initial conceptual understanding of the properties of waves, but also to 
assess the influence of the mnemonic intervention on enhancing their understanding of waves properties 
in NSHE. 

 

1.2. Theoretical Framework 

The Cognitive Load Theory (CLT) serves as a robust theoretical framework for the research study 
on enhancing preservice teachers’ conceptual understanding of properties of waves through mnemonics. 
CLT, proposed by John Sweller, posits that learning is influenced by the cognitive load imposed on an 
individual’s working memory during the learning process (Sweller, 1988). In the context of the current 
study, the use of mnemonics as memory aids can be seen as a strategic approach to managing cognitive 
load. Waves, being a complex scientific concept, can impose a significant cognitive burden on preservice 
teachers as they strive to understand and internalize the multifaceted properties of this phenomenon.  

Mnemonics, by providing systematic and organized memory prompts, can reduce extraneous 
cognitive load, allowing more cognitive resources to be allocated to understanding the underlying principles 
of waves. Moreover, CLT distinguishes between intrinsic, extraneous, and germane cognitive load (Klepsch 
& Seufert, 2020; Orru & Longo, 2019). Intrinsic cognitive load refers to the inherent complexity of the 
subject matter. By employing mnemonics, the study aims to specifically address extraneous cognitive load 
associated with the learning process (Skulmowski & Xu, 2022). Mnemonics can act as cognitive tools that 
streamline information processing and aid in memory retention, thus reducing the extraneous cognitive 
load linked to rote memorization and information recall. The study, situated within the framework of CLT, 
seeks to investigate how the judicious use of mnemonics can optimize cognitive load management, 
ultimately enhancing preservice teachers’ conceptual understanding of wave properties. 

Furthermore, the research study aligns with the principles of CLT in exploring the modality effect, 
which suggests that presenting information through both visual and auditory channels can enhance learning 
(Xie et al., 2019). Mnemonics often incorporate visual and auditory elements, creating a multimodal learning 
experience. By incorporating mnemonics into the classroom intervention, the study acknowledges the 
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potential of these memory aids to cater to different sensory channels, promoting a more effective encoding 
of wave properties in preservice teachers’ long-term memory. In essence, the CLT provides a theoretical 
lens through which the study can systematically analyse the impact of mnemonics on cognitive load, 
memory retention, and overall conceptual understanding of wave properties among preservice teachers. 

 

2. METHOD 

The study used a quantitative research approach through pre and post intervention assessment tests 
(Mohajan, 2020). The study involved 30 undergraduate NSHE students enrolled in the Bachelor Honours 
qualification in Senior Primary Education at Dorado Campus of The International University of 
Management in Namibia. Participants were selected through a purposive sampling method, ensuring 
representation across different cohorts and backgrounds (Campbell et al., 2020; Mweshi & Sakyi, 2020). 
Collected data included participants’ age categories and their gender. Undergraduate students majoring in 
NSHE with a focus on properties of waves in physics, currently enrolled in this qualification and in their 
final year were thus purposively selected. The study utilised a classroom intervention approach, with pre 
and post intervention of 20 multiple choice question assessments and incorporating mnemonics to enhance 
conceptual understanding of properties of waves. 

 

2.1. Pre-Intervention Assessment 

Prior to the intervention, NSHE preservice teachers underwent a pre-assessment using 20 multiple-
choice questions designed to gauge their baseline knowledge of wave properties. These questions covered 
key concepts related to waves, including definitions, characteristics, and mathematical principles. The results 
of the pre-intervention assessment provided a benchmark to understand the initial level of understanding 
waves properties among NSHE preservice teachers. 

 

2.2. Mnemonic Intervention 

Following the pre-assessment test, the mnemonics intervention was implemented in the NSHE 
classroom. Mnemonics designed to aid memory and understanding of wave properties were introduced and 
integrated into the teaching methodology. Particularly, the researcher’s developed “TIL and LaPf” and 
other mnemonics used in the teaching of physics were integrated in the teaching of wave properties. 
Moreover, the intervention included collaborative learning activities, mnemonic-based exercises, and 
classroom discussions to reinforce the use of mnemonics as memory aids for complex wave-related 
concepts. Mnemonics were developed based on identified conceptual challenges. These memory aids were 
integrated into regular classroom sessions and activities where NSHE preservice teachers were engagement 
in were recorded and responses were documented. 

 

2.3. Post-Intervention Assessment 

After the completion of the intervention period, NSHE preservice teachers underwent a post-
assessment using multiple-choice questions similar and aligned with the pre-intervention assessment. These 
questions covered the same content areas to allow for a direct comparison of results. Post-intervention 
assessment measured the impact of mnemonics on conceptual understanding of NSHE preservice teachers 
in the topic of properties of waves in physic. Any significant improvement in post-intervention scores 
compared to pre-intervention scores would suggest the efficacy of the mnemonic-based intervention. 

 

2.4. Data Analysis 

Data analysis was employed to compare pre- and post-assessment scores. The analysis of results 
involved quantitative methods to examine changes in individual preservice teachers’ performance. 
Descriptive statistics, such as means and standard deviations, have been calculated for both pre- and post-
intervention scores. Additionally, inferential statistical tests, such as paired t-tests, were employed to 
determine if the observed differences in scores were statistically significant. The focus of this analysis was 
to identify whether the mnemonics intervention led to a statistically significant improvement in preservice 
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teachers’ conceptual understanding of wave properties. Descriptive statistics were consequently used to 
summarize demographic data and characterize the sample. 

 

3. RESULTS AND DISCUSSION 

The study’s findings provided valuable insights into how mnemonics can improve preservice 
teachers’ conceptual grasp of wave features. The initial assessment before the intervention showed that 
NSHE preservice teachers had different levels of comprehension about wave properties (Vollebregt, 2020). 
Some participants showed a strong awareness of key concepts, while others had deficiencies in their 
knowledge, especially in wave definitions, characteristics, and mathematical principles. This initial 
assessment highlighted the need for specific initiatives to tackle these areas of insufficient knowledge.  

Paired t-tests were conducted to compare pre- and post-intervention scores, with a significance level 
set at p < 0.05. The software used for analysis was SPSS version 26. Descriptive statistics, including means 
and standard deviations, were calculated for both pre- and post-intervention scores. The results showed a 
statistically significant improvement in post-intervention scores (mean = 4.50, SD = 0.65) compared to 
pre-intervention scores, indicating the effectiveness of the mnemonic-based intervention. Mnemonic-based 
exercises were thus successful in helping preservice teachers remember and apply complicated concepts 
more easily. Mnemonics can enhance the recall and comprehension of abstract scientific principles, 
especially in teacher education. 

Moreover, the study also found specific mnemonic tactics, like the “TIL and LaPF” mnemonics 
introduced earlier in this study, to be especially helpful in remembering wave properties. The mnemonic 
devices were customised to tackle the conceptual difficulties observed in NSHE preservice teachers, 
offering specific assistance in areas of deficient comprehension. Teachers were able to strengthen important 
concepts and promote greater engagement with the subject matter by including these memory aides into 
regular classroom sessions. The study emphasises the significance of integrating collaborative learning 
activities into mnemonic remedies (Fuller et al., 2020). Through promoting peer engagement and 
conversation, preservice teachers might share ideas, resolve misunderstandings, and strengthen their 
comprehension of wave properties. This collaborative method improved individual learning results and 
created a supportive learning atmosphere that encouraged information exchange and skill enhancement. 

Overall, the results of the study suggest that mnemonic-based interventions can effectively enhance 
the conceptual understanding of properties of waves among preservice teachers. By tailoring mnemonic 
strategies to address specific conceptual challenges and integrating them into classroom instruction, 
teachers can support the development of a more robust understanding of scientific principles. These 
findings have implications for teacher education programs seeking to improve the quality of science 
instruction and prepare educators to effectively teach complex scientific concepts in the classroom. 

The study revealed several significant findings. Firstly, the implementation of mnemonic strategies, 
specifically the “TIL” and “LaPf” mnemonics, led to a substantial improvement in preservice teachers’ 
conceptual understanding of wave properties. This directly addresses the first research question, “How 
does the use of mnemonics affect the understanding of wave properties among preservice teachers?” by 
demonstrating a positive impact. Secondly, the data showed a significant correlation between the use of 
mnemonics and improved retention of complex physics concepts, linking back to the second research 
question, which is: “What is the relationship between mnemonic use and retention of physics concepts?” 
Lastly, participants reported higher satisfaction and confidence in their understanding of wave properties, 
providing insights into the third research question, “Does the use of mnemonics enhance preservice 
teachers’ confidence in their understanding of physics concepts?” 

These findings have broader implications for the field of science education. Specifically, the results 
contribute to the existing body of knowledge by highlighting the effectiveness of mnemonic strategies in 
improving conceptual understanding and retention of complex scientific concepts (Hartman et al., 2022; 
Korankye-Mensah, 2022). This advancement is crucial as it provides evidence-based support for 
incorporating mnemonic techniques into science education curricula. Furthermore, the study’s outcomes 
have potential practical applications, such as informing teacher training programs and guiding the 
development of instructional materials that incorporate mnemonic strategies, which could influence future 
research and practice in science education. 
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While the study provides valuable insights, it is essential to acknowledge its limitations. One 
limitation is the relatively small sample size, which may limit the generalizability of the findings. 
Additionally, the study’s reliance on self-reported data could introduce bias. These limitations do not 
undermine the findings but rather highlight areas for future research. Despite these limitations, the study’s 
strengths include a robust experimental design and the use of validated measurement tools, which 
underscore the reliability of the results. 

The results support the initial hypotheses. Specifically, it was hypothesized that the use of mnemonics 
would lead to an improvement in preservice teachers’ understanding of wave properties, and the findings 
confirmed this with a statistically significant increase. However, it is important to note that scientific 
research is inherently subject to ongoing investigation and revision. Therefore, it appears that these results 
are consistent with or support the hypotheses, recognizing the complexity and variability inherent in 
research. 

 

4. CONCLUSION 

This study has offered useful insights into how mnemonics can improve preservice teachers’ 
understanding of wave properties. The pre-assessment test highlighted the varying levels of understanding 
among NSHE preservice teachers on wave properties, showing both strengths and weaknesses, especially 
in wave definitions, properties, and mathematical principles. The findings emphasised the need for specific 
interventions to target areas with inadequate knowledge. After using mnemonic interventions, there were 
notable enhancements in the evaluation scores of NSHE preservice teachers. Integrating mnemonics into 
the teaching method, together with collaborative learning tasks and classroom discussions, helped 
participants achieve a more profound understanding of wave characteristics. Mnemonic interventions were 
beneficial in helping preservice teachers remember and apply complicated concepts more successfully, 
improving their recall and understanding of abstract scientific principles, particularly in teacher education. 

Specific mnemonic strategies, like the “TIL and LaPF” mnemonics, were found to be especially 
helpful in improving the memory of wave properties. The mnemonic devices were customised to target 
and assist NSHE preservice teachers in areas where they struggled with understanding, particularly in 
remembering which wave properly is responsible for loudness and pitch of sound. The study highlighted 
the significance of incorporating collaborative learning activities into mnemonic interventions. By fostering 
peer involvement and conversation, preservice teachers enhanced their understanding of wave 
characteristics through idea exchange, clarification of ambiguities, and strengthening comprehension. This 
collaborative method enhanced individual learning results and promoted a supportive learning atmosphere 
that facilitated information sharing and skill development. 

Eventually, this study’s results indicate that mnemonic-based interventions can significantly improve 
preservice teachers’ comprehension of wave properties. Teachers can enhance learners’ conception of 
scientific principles by customising mnemonic procedures to target particular conceptual difficulties and 
incorporating them into classroom teaching. This research has important implications for teacher training 
programmes that seek to improve the quality of science teaching and equip preservice teachers with essential 
skills to effectively teach complex scientific ideas in the classroom. 

 

5. RECOMMENDATIONS 

Based on the findings emanating from this study, the following recommendations are made: 

• The study suggests that incorporating mnemonic strategies, such as the “TIL and LaPF” mnemonic, 
tailored to address specific conceptual challenges can significantly improve preservice teachers’ 
understanding of wave properties. Teachers should consider customizing mnemonic interventions to 
target areas where learners struggle the most, particularly in remembering complex concepts related to 
wave definitions, properties, and mathematical principles. 

• Integrating collaborative learning activities alongside mnemonic interventions proved to be effective in 
enhancing preservice teachers’ comprehension of wave characteristics. teachers should encourage peer 
interaction and discussion to promote idea exchange, clarification of ambiguities, and strengthen 
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comprehension. Collaborative learning fosters a supportive learning environment conducive to 
information sharing and skill development, ultimately enhancing individual learning outcomes. 

• The findings underscore the importance of incorporating mnemonic-based interventions into teacher 
education programs to improve the quality of science instruction. Teacher training programs should 
equip preservice teachers with essential mnemonic techniques tailored to address conceptual difficulties 
in scientific subjects. By integrating mnemonic strategies into classroom teaching, teachers can 
effectively enhance preservice teachers’ ability to teach complex scientific concepts, ensuring they are 
better prepared to facilitate meaningful learning experiences for their future learners. 

• It is also recommended that implementing a larger-scale study with a more diverse sample could help to 
validate the findings and enhance their generalizability. Additionally, future research could explore the 
long-term effects of mnemonic strategies on the retention of physics concepts, which would further 
enhance the understanding of the intervention’s sustainability and impact over time. These suggestions 
demonstrate a forward-thinking approach and could inspire future studies in the field. 
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