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ABSTRACT: The main objective of this research is to examine the level of effectiveness of implementing the Means-End Analysis 

(MEA) in improving the senior high school students’ ability to solve problems on Doppler Effect of Physics and its impact on the 

retention. A Quasy-Experiment method with a one group immediate post-delayed test design was applied in this study. The target 

population was the eleventh grade of public senior high school students in West Kalimantan Province with the characteristics of not 

having studied the Doppler Effect material. The research sample was taken using a multistage random sampling technique. Nine 

schools were selected consisting of nine intack classes amount of 260 students. Amount of four items of essay learning outcomes 

test was administered in this study. Based on the data analysis, it was concluded that the application of Means-End Analysis (MEA) 

strategy was effective in enhanching students' ability to solve questions on the topic of the Doppler Effect and its impact on students' 

memory (retention). It is recommended to teachers that learning to solve problems using the Doppler effect material needs to use 

audio-visual media, for example; PhET simulations, or virtual laboratories. 
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INTRODUCTION 

Some skills that must be possessed in the 21st century include critical thinking, problem solving, information literacy, and global 

awareness (Rotherham & Willingham, 2009). Therefore, today's educational policies, almost all over the world, aim to improve 

students' problem-solving abilities and skills. Problem solving is considered one of the universal skills, needs and requirements of 

the 21st century (Gok, 2010; Ibrahim & Rabello, 2012; Octor et al, 2015). Physics is believed to have the potential to develop 

problem-solving skills (Ince, 2018). The ability to solve physics problems (questions) is largely determined by mastery of concepts 

and principles, language skills, thinking strategies and mathematics skills (Walker, 2008). It is explained that to be able to solve 

physics problems, students must know and understand the concepts and principles (formulas, laws and principles) of physics and 

have problem solving strategies that can be applied to the new situation to be solved (Hou, et al., 2009). 

Problem solving ability can be interpreted as the skill of applying previously acquired knowledge to new or unknown situations, to 

find solutions to the problems faced using all the knowledge possessed (Arends, 2012). In Indonesia Kurikulum Merdeka, it is hoped 

that increasing students' abilities and problem-solving skills can be developed in the independent learning policy.  Teachers are 

required to be able to innovate learning methods/strategies to improve various student competencies, for example; high-level 

thinking (HOT), problem solving, scientific literacy, and numerical literacy are in accordance with learning styles and characteristics 

of teaching materials and relate to the context of everyday life (Yandri, 2022). 

Unfortunately, the problem-solving abilities and skills of high school students, in particular, in physics lessons in Indonesia 

(Pardimin & Widodo, 2017; Safitri et al., 2017; Fathiah & Utari, 2015; Sekarpratiwi et al., 2018) and in many foreign countries 

country (Gok & Silay, 2010; Hong et al., 2012; Ekici, 2016; Ince, 2018) is currently considered to be relatively low. From exploring 

several research results and teaching experience, it can be concluded that several factors cause difficulties experienced by students 

in solving physics questions, including: major obstacles focused on the inability to fully understand the questions, concepts and 

principles, not able to apply initial knowledge and mathematical skills (algebra, trigonometry, calculus), and does not have thinking 

strategies that are appropriate to the problem at hand (Reddy & Panacharoensawad, 2017; Adianto & Rusli, 2021; Dewi Sartika & 

Nur Aisyah, 2018; Reddy, 2017; Hong et al.; 2012 

Therefore, several of current research that aims to improve physics problem solving abilities and explore the causal factors 

recommends the need for learning interventions, for example; apply problem solving strategies that are appropriate to the 

characteristics of the teaching material (Dorgu, 2015; Ince, 2018). Hollabaugh (2013) explains that there are 2 (two) factors that can 

help to become a good physics problem solver. First, you must know and understand the principles of physics. Second, there must 

be a strategy or learning model for applying these principles to new situations especially in daily life where physics can help. 
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One of the physics topics related to daily life is Doppler Effect. In learning this topic, the students asked to calculate the frequency 

of the sound source (ambulance siren or motor vehicle horn) heard by the observer (listener). However, at huge amount of schools 

this topic is often considered difficult by many students. This difficulty causes many mistakes that students make when working on 

Dopper Effect questions. Some of the mistakes that stand out include; (1) students cannot write new formulas that are correct 

according to the problem situation they are facing; (2) students incorrectly write the sign (+) or (-) for the speed of the sound source 

or observer; and (3) students are wrong in carrying out calculations to determine the final solution. Apart from that, the structure of 

the questions on the Doppler Effect topic, in general, is in the form of ill-structured problems (Lupita, 2019). These learning 

difficulties and errors need to be sought for alternative solutions by teachers. One of them is by explicitly and systematically applying 

and modeling innovative problem solving strategies by using Means-End Analysis (MEA). 

In solving Doppler Effect problems, the problem solving strategy commonly used by teachers is the Polya strategy which is 

considered a powerful problem solving strategy in physics education (Yeoh, et al., 2012).  The main steps in solving the problem 

are; (1) Understand the problem (Understand the problem); (2) Create a settlement plan (Devise a plan); (3) Implement the plan 

(Carry out the plan); (4) Rechecking the solution obtained (Look back) (Polya, 1945). In contrast to Polya stategy, Means-End 

Analysis (MEA) is a problem solving strategy where the final goal is identified first (End) and then completed through the analysis 

(creation) of several sub-goals (subgoals) and action plans (means) that help achieving that final goal. The MEA problem solving 

process can be achieved through three stages.  First, goal transformation by trying to simplify the current state (current statement) 

obtained from new information resulting from problem solving and the goal to be achieved (goal state).  Second, reduction of goals, 

namely forming sub-goals "these methods form a recursive system that generates a tree of subgoals in attempting to attain a given 

goal". Third, apply operators to achieve goals (Payne, 2024),  

In the MEA strategy, to achieve the final goal of the question (End), the teacher encourages students to make plans and analyze 

(Analysis) or methods/strategies (Means) by writing down several subgoals. It is hoped that students' creativity and independence 

in analyzing several subgoals can be developed. The agreement on marking (+) or (-) on the speed of the sound source and the 

observer is analyzed using the concept of fractions (mathematics), namely the relationship between the numerator and the 

denominator. Thus, students' own discovery of a new formula for the Doppler Effect that is appropriate to the problem they are 

facing is expected to be more meaningful. 

From tracing study, it is found that some previous investigations have been conducted that tested the effectiveness of implementing 

the Means-End Analysis strategy and Polya in physics learning. Aras's (2020) research concluded that the MEA strategy is effective 

for developing problem solving and productive disposition abilities in mathematics lessons. Juniyarti Class Action Research (2014) 

concluded that students' analytical skills could improve from cycle I to cycle II by 80.93% and were categorized as good. Research 

by Permatasari et al. (2019) concluded that there was an influence of implementing the MEA strategy on the physics problem solving 

abilities of class XI students at SMA Negeri 4 Sidoarjo. Research by Indahwati et al. (2017) concluded that the application of the 

MEA strategy had a significant influence on students' critical thinking abilities. Maries, & Singh (2023) emphasized that the 

application of problem solving strategies (including Polya and MEA) in physics education can improve 3 (three) categories of 

student abilities, namely; knowledge organization, information processing and cognitive load, and metacognition 

From the results of searches in several journals, both domestic and foreign, previous research that tested the effectiveness of applying 

the Means-End Analysis on the ability to solve questions on the topic of the Doppler Effect and its impact on memory (retention) 

has not been much, perhaps never, carried out. Furthermore, several factors regarding students' difficulties in solving physics 

problems are the main concerns in this research. Therefore, the involvement of public high school teachers and students in learning 

innovative problem solving strategies in large numbers (representative) in West Kalimantan is quite rational to investigate.  

The focus of problem of this study is to what extent is the level of effectiveness of implementing the Means-End Analysis (MEA) 

in improving the ability to solve problems on Doppler Effect material and its impact on the memory (retention) of eleventh grade 

students of public senior schools in West Kalimantan? 

 

METHOD 

This research applies the Quasy-Experiment method with a one group post-delayed test design (Borg & Gall, 2008; Creswell, 2013) 

to test the effectiveness of physics learning using the Means-End Analysis strategy as an effort to improve high school students' 

ability to solve Doppler Effect problems. in the even semester of the 2023/2024 academic year. The resesearch design was 

implemented with the consideration that the Doppler Effect material and MEA strategy were considered to have never been studied 

and introduced by teachers before. Of course, in this initial condition, students have no prior knowledge and were convinced not 

able to solve Doppler Effect problems well. The delayed test was administered to asses the level of retention. 

The target population was the 533 eleventh grade of public senior high school students in West Kalimantan with the characteristics 

of not having studied the Doppler Effect material. The research sample was taken using a multistage random sampling technique. 

First, to determine the sample of schools in terms of their location (in the provincial capital, district/city capital, and sub-district 

capital), a stratified cluster random sampling technique was used.  A total of 9 public senior high schools in the West Kalimantan 
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Province region were selected. Second, after the nine schools were selected, the intack group random sampling technique was used. 

The research sample consisted of 260 students.  

The nine teachers-- as co-researchers--involved voluntarily in this research were high school physics teachers who taught Doppler 

Effect material in the second semester of the 2023/2024 academic year. They have been given short training first regarding problem 

solving learning practices using the Means-End Analysis strategy at the Physics Learning Laboratory of FKIP Untan from February 

2-3, 2024. The training contains an understanding of the scientific concepts of the Doppler Effect. The operational exemplars of 

general guideline for the steps or syntaxes of the MEA strategies is described below. 

 

Problem:  

A police car chases a speeding Porsche 911. Assume the maximum speed of the Porsche is 80.0 m/s and the maximum speed of the 

police car is 54.0 m/s. At this time both cars reach their maximum speed. What frequency does the Porsche driver hear if the police 

car's siren frequency is 440 Hz? For example, the speed of sound in air is 340 m/s. (Answer: 400 Hz, taken from: Walker, Physics 

University) 

Step 1; Means or Strategies:  

 Write down what is asked or the final goal of completion (End) 

 What frequencies does the Porsche driver hear 

Describe (End), whether the Doppler effect occurs and relationship between frequency of observer 𝑓𝑝 (pendengar) and frequency 

of source 𝑓𝑠 (sumber bunyi) 

 Understand the problem: The police (with their sirens) chased the driver of the Porsche. The speed of the police car is 54 m/s 

chasing the driver at 80 m/s. 

It means that the sound source approaches the listener and the listener moves away from the source: (Doppler effect occurs, and 𝑓𝑝 

< 𝑓𝑠) 

 So, we will get a value of k <1, because the value of the numerator must be smaller than the value of the denominator of the 

fraction.) 

Step 2, Means or Strategies: 

 Do some analysis of the sub-goals (Means or Subgoals) 

 Subgoal 1: Make a chart or sketch or free-body diagram, as below: 

 

 Subgoal 2: Determine the positive (+) or negative (-) sign for the source speed (vs) 

 vs = (-) 54 m/s : the sound source is a police car siren (source approaches listener) 

 vp = (-) 80 m/s:  the driver of the Porsche moves away from the police car (listener moves away from source) 

 Subgoal 3: Contruct a new formula: 

𝑓𝑝 =
(𝑣 − 𝑣𝑝)

(𝑣 − 𝑣𝑠)
 𝑓𝑠 

 

 Subgoal 4: Do basic mathematical computation carefully; 

 

𝑓𝑝 =
(𝑣 − 𝑣𝑝)

(𝑣 − 𝑣𝑠)
 𝑓𝑠 

𝑓𝑝 =
(340 − 80)

(340 − 54)
 440 𝐻𝑧 

𝑓𝑝 = 386,49 ≅ 400 𝐻𝑧 (sesuai kunci) 

Step 3: Means or Strategies: 

 Recheck the final solution (End) obtained 

 Recheck the algorithms and mathematical calculations that have been carried out 

 The results obtained above, namely 𝑓𝑝= 400 Hz are smaller than  𝑓𝑠= 440 Hz.  

 Conclusion; Therefore, it makes sense or correct and is in accordance with End's description in step 1. 

 

The timeline of this study regarding treatments, the learning subject matters, the immediate posttest, and delayed Posttest) were 

described in Table 1 as follows. 
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Table 1: Timeline of Research 

Treatment Subject Matter for  MEA Classes 

Pretest - 

Treatment-1 Type 1 Problem:  

One of the sound sources or the listener is silent (not moving) 

Treatment-2 Type 2 Problem:  

The source of the sound and the listener are approaching or moving away from 

each other 

Treatment-3 Type 3 Problem:  

The source of the sound and the listener approach each other and pass each other 

Immediate Posttest Learning outcome test of Doppler Effect 

Delayed Posttest 

(one month after immediate posttest)  

Learning outcome test of Doppler Effect 

 

There are 2 (two) main instruments in this research, namely the scenario or lesson plan for 3 (three) treatments and an 4 items essay 

learning outcomes test  with allocated time for processing. 60 minutes. After the final test, students are asked not to discuss solving 

test questions, individually or in groups. The lesson plans and research test questions have been validated qualitatively by teachers 

in the research sample schools. 

Tests of mean differences between immediate posttest and delayed-test scores used parametric statistics independent samples t-test 

(if the data is normally distributed) or U-Mann Withney (if the data is not normally distributed). The level of effectiveness of 

problem solving after learning using the Means-End Analysis, scores were analyzed using the effect size (ES) formula from Cohen 

d. Interpretation of ES Values used the categories,namely:  ES ≥ 0.80: high; 0.20 ˂ ES < 0.80; moderate, and ES < 0.20 : low. To 

measure the level of the effect of the MEA strategy ostudents' retention in solving Doppler Effect problems, data will be analysed 

by using the formula: Retention (R) = 
𝑀𝑒𝑎𝑛 𝑜𝑓 𝑑𝑒𝑙𝑎𝑦𝑒𝑑 𝑡𝑒𝑠𝑡

𝑀𝑒𝑎𝑛 𝑜𝑓 𝑖𝑚𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡
 X 100% 

Interpretation of retention (R) used the categories,namely:  R ≥ 70 %: high; 60% ˂ R < 70%; moderate, and R< 60% : low. 

 

RESULT AND DISCUSSION 

The data collected is numerical data (scores) obtained from the immediate posttest and delayed test. Students who did not take the 

two tests were not included in data analysis. 

1. Result of Normal Distribution Test  

Before data analysis is carried out using parametric or non-parametric statistics, it is necessary to test the normality of the score 

distribution by using the Kolmogorov-Smirnov test. The assymot significant value of Kolmogorov-Smirnov are consecutively 0.154 

for immediate posttest and 0.143 for delayed test. It is concluded that the data distributions are normal. 

2. Result of Statistic Descriptives 

The average score of students after having involved in learning the Means-End Analysis strategy lies in the range 39.55 – 93.97. 

Statistic descriptives of immediate posttest and delayed test are listed in Table 2. 

 

  Table 2. Statistic descriptives of immediate posttest and delayed test  

Statistic Descriptives Immediate Posttest Delayed Test 

Number of students (n) 260 260 

Mean 71.29 60.44 

Standard Deviation (SD) 22.63 21.96 

Ideal score 100 100 

Minimal score 10 5 

Maximum score 100 100 

 

3. Result of the mean difference test after treatment  

Due to the scores are normally distributed, the mean difference test after treatment between the immediate posttest and delayed test 

applied the paired-sample t-test. The results is presented in Table 3. 

 

Table 3. Result of the mean difference test after treatment  

Test n Mean t-value Assy. sig Conclusion 

Immediate posttest 260 71.29 3.29 0.001* Rejected Ho 

Delayed test 260 64.87 
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   * Significant at p < 0.05  

From Table-3, it can be seen that the results of the mean difference test, t-value = 3.299 (p < 0.05), which means that it rejects Ho. 

This means that there is a significant difference in problem solving abilities after having learning the Means-End Analysis of the 

Doppler Effect material between the immediate posttest and delayed test.  

4. Result of Effect-Size (ES) 

The level of effectiveness of problem solving strategy of Means-End Analysis, data (scores) were analyzed using the Cohen d 

formula of Effect Size (ES). The result is presented in Table 4. 

 

Table 4. Result of  Effect-Size (ES) 

Test n Mean ES Category 

Immediate posttest 260 71.29 0.28 Moderate 

Delayed test 260 64.87 

Pooled SD 22.46 

 

From Table 4, it can be seen that the ES value which shows the level of influence of implementing the Means-End Analysis strategy 

on students' problem solving abilities in the Doppler Effect material is 0.28 (classified in the moderate category). 

The findings of this research are in line with several previous studies. Gök (2006), for example, investigated the influence of 

cooperative problem-solving strategy teaching methods on middle school students' physics success, achievement motivation, and 

problem-solving attitudes, strategy use, and gender and achievement level. In experimental studies, it was reported that teaching 

cooperative problem solving strategies had a positive effect on students' physics achievement and attitudes. Hou et al. (2009) 

concluded that the competence of high school teachers and students in solving mechanical problems increased significantly after 

receiving the Online Knowledge Sharing Discussion model intervention. Adachi et al. (2013) who used Strategic Video Games 

followed by a Self-Reported Problem Solving  Activity have succeeded in making students felt happier and have had an impact on 

increasing fluid dynamic abilities. 

Costa (1985) states that problem solving for any subject matter content will use a thinking process that involves cognition and 

metacognition (Costa in Djudin & Amir, 2018). Many previous studies confirm that problem solving abilities are influenced by 

metacognition, mathematics achievement, attitude, motivation, self-efficacy, and self-confidence (Byu & Lee, 2014; Gök, 2014; 

Docktor el al., 2015). According to Mahdavi (2014), metacognitive knowledge refers to a person's knowledge or beliefs about 

person, task, and strategy variables. This metacognitive knowledge can be modified or revised through the use of metacognitive 

strategies. Glynn and Muth (1994) identified that metacognitive strategies consist of the process of planning, monitoring, and 

evaluating our thinking to achieve certain goals. 

Most researchers showed evidences that metacognitive strategies in problem solving can be taught (Koch, 2001; Mitchell, 2015; 

Redish, 2004; Schraw et al., 2006). For example, Schraw et al. (2006) found that third and fifth grade students' metacognitive skills 

could be improved through directed learning modeling. To deepen students' reading comprehension of texts and improve their ability 

to solve story problems in physics, instructors need to explicitly model the use of metacognitive strategies in their learning (Djudin 

& Amir, 2018). In learning to read, for example, students must be trained to observe messages separately from their context, and 

often in search of possible meanings and implications, not just memorize the information they learn (Seraphin et al., 2012). It is 

stated that metacognitive strategies will be an important element for successful learning (Halloun, 1996; Koch, 2001), and therefore, 

it is considered a fundamental goal of (physics) education. 

Based on several theoretical studies, it can be concluded that using problem solving strategies that are appropriate to the content of 

physics subject matter can; (1) encourage students' conceptual changes; (2) foster students' situational interest, good attitudes and 

achievement motivation; (3) make students feel more confident, happy and happy; (4) increase students' self-efficacy and self-

regulation; (5) prepare students to become strategic and independent learners; (6) make students become skilled or experienced 

thinkers; (7) increase students' mathematical knowledge; (8) increase students' ability to interpret the problems they face in daily 

activities more logically and systematically; and (9) prepare students to become good citizens in anticipating the needs of life in the 

future. 

Students' ability to solve problems in physics material is also influenced by the teacher's experience. In this context, teacher status 

can be classified into experienced/senior teachers, who are considered expert teachers and inexperienced/junior teachers, who are 

considered novice teachers. Knowledge of the characteristics of these two teacher statuses has implications for developing and 

assessing their pedagogical practices. Sohani et al (2018) emphasize that it takes a lot of practical training and years of experience 

to acquire routine behavior and full automaticity in problem solving that allows further improvements to be made. 

Based on a literature review regarding experts and novices in problem solving, several characteristics of experts can be summarized, 

including: (1) as having a large and well developed knowledge base that enables fast and accurate performance in routine and more 

complex situations; (2) can apply their knowledge more flexibly when understanding a situation and deciding on their next course 
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of action; (3) have a coherent knowledge structure that allows direct access to knowledge; (4) have the ability to monitor steps, 

procedures, carefully; (5) are better able to enhance their learning from experiences by seeking feedback to improve their own 

performance and investing effort in deliberate practice. 

According to Marshall (2022), problem solving abilities can be taught in every teaching material and can be combined with other 

extra-curricular concepts. There are at least 5 (five) benefits that can be obtained from learning problem solving in education,  they 

are: (1) problem solving is student-centered; (2) problem solving can increase confidence and learning outcomes in all teaching 

materials; (3) problem solving can encourage cooperation and teamwork; (4) problem solving can improve metacognitive skills; 

and (5) problem solving can help retain knowledge (memory) over a long period of time. 

Creativity Asia (2017) confirmed 7 (seven)reasons why problem solving is important for children's intellectual development. First, 

increase curiosity & self-confidence. People with effective problem-solving abilities become innovative and independent by learning 

through their experiences. in addition, they build self-confidence because they encourage people to believe in their abilities. Second, 

train them to make better decisions. This helps them make rational decisions and not depend on others. students organize and control 

their own learning). children can learn to collect and process information independently. Third, help students achieve better in 

academics. This allows them to face the various factors that stand in their way and achieve their academic goals. they are involved 

in original investigations and develop inquiry skills. Fourth, improve the ability to make social connections. This helps them develop 

healthy relationships because they are able to manage conflict in relationships and build better social skills. Effective problem 

solving skills also encourage students to work in teams. This increases collaboration and promotes new leaders. Fifth, improve 

critical thinking. Problem solving skills improve cognitive abilities such as attention, focus and memory. In addition, cause and 

effect are more deeply understood by students who can solve problems effectively. Therefore, critical thinking skills are also 

improved. Sixth, develop patience. Children also develop patience while solving problems effectively thereby helping them in taking 

calculated risks. Seventh, build resilience. Lastly, it helps children adapt to change and build resilience to difficult circumstances. 

5. Result of Retention  

To measure the extent of the effect of the MEA strategy on memory (retention) in solving Doppler Effect problems, the Retention 

(R) formula is used as explained in the Method section. Delayed test was given within 1 month after treatment. Result of Retention 

is presented in Table 5. 

 

Table 5. Result of Retention  

Test n Mean R-value (%) Interpretation 

Immediate posttest 260 71.29 84.78 High 

Delayed test 260 60.44 

 

From Table 5, it can be seen that the retention value (R) for the Means-End Analysis strategy is 84.78 (classified as high category). 

In other words, it can be explained that students' memory for applying the Means-End Analysis strategy is relatively high. This is 

indicated by a decrease in the average score for the ability to complete problem solving questions from 71.29 (on the immediate 

posttest) to 60.44 (on the delayed test). 

This finding is in line with several previous studies that measured retention of treatment, for example; related to the application of 

memory techniques (mnemonics).Research by Dania et al. (2023) concluded that the Mnempnics method, as a mental anchor tool, 

was able to improve learning outcomes and students' memory on material on the classification system of living things. Djudin's 

research (2020) concluded that the application of note-taking techniques in the form of Graphic Postorganizers was able to improve 

the learning outcomes and memory of students in class 2 of junior high school on Solar System material with a retention rate of 

85.12% (classified as high category). 

Theoretically, learning retention is a person’s ability to transfer new information into their long-term memory so that it is easy for 

them to recall and put that knowledge to use in the future. In simpler words, learning retention is all about making new knowledge 

stick for a long time (Azmi, et al.,2016). Students really need the ability to remember in the thinking and learning process. A person's 

memory can be seen from his ability to store information that has been received and be able to recall it at a later date. This storage 

process is related to the way information can be received, constructed, and finally stored in the individual's mind (Bakken, 2011). 

Remembering is a complex collection of electrochemical reactions activated through multiple sensory channels and stored in a 

highly complex and unique neural network throughout the brain. This dynamic nature of memory continues to change and develop 

along with the increase in stored information (Scruggs & Mastropieri, 2000) 

Remembering is the process of remembering information. Information that has been obtained will be processed in memory through 

certain stages. So, memory is not something that happens instantly but requires a certain process or strategy to obtain it. 

Remembering is considered an effective way to transfer information from short-term memory to long-term memory so that in the 

learning process it is easier to achieve learning goals. According to Ahmadi (2009), the ability to remember in humans means that 
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there is an indication that humans can store and recreate something they have experienced. However, in general, people easily forget 

things they have experienced. 

Each individual's ability to remember is different. The ability to remember can be improved through the process of taking notes 

(Arslan, 2002). The ability to remember students depends on the learning method used by the teacher and the practice teachers use 

with this method to make it effective in the learning process (Bakken, 2011). The mnemonic method is a way of storing information 

(in the brain) easily and quickly for recall. Mnemonic strategies can build relationships so that the objects studied are not only 

memorized, but also have conceptual relationships. The method used to improve memory requires the brain's ability to connect 

words, ideas and fantasies so that it is useful for solving problems which then lead to understanding a concept. Mocko et al. (2017) 

emphasized that mnemonics are very useful for helping students remember information (recall information) and can reduce stress. 

According to Uno & Umar (2014), there are 4 (four) factors that affect learning retention for a student. First, interest and motivation. 

The interest and motivation of a learner behind a learning program are of uppermost importance. When learning is accompanied by 

a motive, it is often retained for a long time because the human brain tends to focus more on matters of interest. Second, repetition. 

Repetition of the learning material plays an essential role in learning retention. The more an individual repeats or practices a task, 

the better it is retained in their memory. Third, association. Paying attention to the meaning and significance of the content or 

associating it with real-life scenarios helps individuals learn quickly and retain the information longer. Fourth. use of multiple 

channels. Different people prefer different learning styles – some are visual learners, some need hands-on experience, some require 

an instructor to guide them, etc. Therefore, it’s important to choose the appropriate learning method or technique to boost learning 

retention for an individual.  

  

CONCLUSION AND SUGGESTION 

In line with the research objectives, the conclusion that can be drawn is that the application of Polya and Means-End Analysis 

(MEA) strategies is effective in enhancing students' ability to solve problems on the topic of the Doppler Effect in moderate category. 

The level of retention of students' ability to solve problem in the delayed test given at an interval of 1 month after the immediate 

posttest was classified as high category. 

Because of problem solving, in fact, is a dimension of procedural knowledge, explicit, systematic and deliberate modeling by 

teachers regarding the steps to solve physics problem solving problems needs to be carried out in the classroom learning process. 

For advanced researchers, the effect or effectiveness of implementing the Means-End Analysis (MEA) strategy on improving 

problem-solving abilities can be expanded, for example, by involving other influential variables or factors (for example; interest 

and motivation to learn, learning style, independence learning, self-efficacy, and self-awareness) and the desired use of factorial 

design using two/three way anova. 
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