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Abstract This study evaluates the effectiveness of a targeted 

intervention designed to enhance the professional and 

pedagogical skills of prospective physics teachers, 

addressing a key gap in teacher education. The research 

involved an experimental group that received the 

intervention and a control group that did not. The research 

subjects in the experimental and control groups were 120 

each. To rigorously assess the impact, Whitney and 

Wilcoxon’s statistical tests were employed to compare 

pretest and posttest outcomes. Additionally, Wright map 

analysis was used to visualizes kill development. The 

results revealed a significant improvement in the 

professional and pedagogical skills of the experimental 

group compared to the control group, as indicated by 

Mann-Whitney test (U=1274.500, p<0.05 and U=421.500, 

p<0.05). The Wright map analysis further demonstrated 

that the experimental group experienced more consistent 

and substantial gains in pedagogical skills. This study 

contributes to the field by demonstrating the effectiveness 

of interventions in improving the skills of prospective 

physics teachers, offering educational policy 

recommendations, and filling important gaps in the 

literature. Moreover, it emphasizes the critical role of 

ongoing evaluation in the continuous development of 

teacher training programs. By addressing these areas, this 

research provides valuable insights that can inform the 

design and implementation of more effective teacher 

training strategies. 
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 This study aims to evaluate the effectiveness of an intervention on the 
professional and pedagogical skills of prospective Physics teachers. This 
study involved two groups, namely an experimental group that received an 
intervention and a control group that did not receive an intervention. The 
research methods used include Mann-Whitney and Wilcoxon statistical tests 
to compare pre-test and post-test results between the two groups, as well 
as Wright map analysis to visualize the distribution of pre-test and post-test 
results for pedagogical skills. The results showed that the intervention 
significantly improved the professional and pedagogical skills of prospective 
Physics teachers in the experimental group compared to the control group. 
This significant difference can be seen from the Mann-Whitney test values 
(U=1274.500, p < 0.05 and U=421.500, p < 0.05). Wright map analysis showed 
that the experimental group experienced more regular and significant 
improvement in pedagogical skills compared to the control group. The 
implication of this research is the importance of an appropriate intervention 
in improving the quality of teaching preparation for prospective Physics 
teachers. Thus, this study makes a significant contribution to the 
development of educational policies to improve educational standards and 
the preparation of future Physics teacher candidates. Ongoing evaluation is 
recommended to monitor the long-term effectiveness of the intervention 
and improve the program to be more responsive to changing and 
increasingly complex educational needs. 
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1. INTRODUCTION (10 PT) 
Teacher professional development is a crucial aspect in improving the quality of 

education. In Indonesia, teacher professional development still faces various challenges, 

including limited access to quality training, lack of incentives and adequate facilities. 

Teacher professional development in Indonesia is often focused on improving 

pedagogical, personality, professional and social competencies [1], [2]. Training and 

development programs such as Teacher Professional Education and Training (PLPG) and 

Teacher Professional Education Program (PPG) have been implemented as an effort to 

improve teacher quality and competency [3]. However, implementation is often 

hampered by budget constraints and inadequate infrastructure. 

In contrast, in developed countries such as Finland, Singapore and the United 

States, teacher professional development is carried out systematically and continuously. 

In Finland, for example, teachers must have a master's degree before they can teach, and 

teacher education is heavily focused on research and teaching practice [4]. Teachers in 

Finland also receive full support from the government in the form of adequately funded 

advanced training as well as attractive incentives to retain high-quality teaching staff [5]. 

In neighboring countries such as Singapore, the government implements the "Career 

Development Framework" policy which allows teachers to continue to develop 

themselves through regular training and scholarships for further study [6]. Singapore also 

has a strong mentoring system where junior teachers receive guidance from experienced 

senior teachers [7]. 

Meanwhile, in the United States, teacher professional development varies greatly 

from one district to another. However, in general, there are a variety of certification and 

advanced training programs provided by states and professional organizations. Many 

schools in the US also provide time and resources for teachers to participate in 

professional development, including teacher-to-teacher collaboration and school-based 

development [8], [9]. Although efforts to improve teacher competency in Indonesia 

already exist, significant improvements are still needed in terms of accessibility, continuity 

and adequate support. Experiences from developed countries show that sustainable 

investment in teacher professional development is very important to achieve high quality 

education and can be an inspiration for improving the system in Indonesia [10]. 

A teacher's pedagogical and professional competence is the main foundation in 

the world of education, because both play an important role in creating an effective 

learning environment and motivating students to reach their maximum potential [11]. 

Pedagogical competence includes the teacher's ability to design, implement and evaluate 

learning processes that are adaptive and responsive to student needs [12]. Professional 

competence includes in-depth knowledge of subject matter, professional ethics, and the 

ability to innovate in teaching [13]. Without this competency, a teacher will have difficulty 



conveying material effectively, facilitating constructive discussions, and cultivating critical 

skills in students. 

If a teacher's pedagogical and professional competence is lacking, serious 

challenges can arise. Students may experience difficulties in understanding lesson 

material, which leads to low learning outcomes and motivation [14]. Lack of competence 

can also lead to less effective classroom management, which can create a learning 

environment that is not conducive [15]. In addition, a lack of innovation in teaching 

methods can make the learning process monotonous and uninteresting for students. 

Therefore, improving teachers' pedagogical and professional competence is very 

important to ensure high quality education and optimal students’ academic achievement 

([16]. 

The novelty of this research lies in the evaluative approach used to assess the 

effectiveness of teacher pedagogical and professional competency development 

programs (Evens et al., 2018). This research compares the achievements of pedagogical 

and professional competencies between prospective teachers who have participated in 

the professional teacher education program for the field of physics with classes who have 

not participated in the program [17]. This approach provides a clearer and more objective 

picture of the real impact of increasing teacher competence on students’ academic 

achievement. This research also identifies the challenges faced by teachers in 

implementing the results of competency development programs. 

The aim of this research is to evaluate the effectiveness of teacher pedagogical 

and professional competency development programs in improving the quality of learning 

in schools. This research will compare student learning outcomes between classes taught 

by teachers who have participated in a competency development program (experimental 

class) with classes taught by teachers who have not participated in the program (control 

class). It is expected that this research can provide a clear picture of the impact of 

increasing teacher competency on the transformation of education in Indonesia. Apart 

from that, this research also aims to identify the challenges encountered by prospective 

Physics teachers in improving their personal qualifications and continuing professional 

development after becoming professional teachers. It is also expected that the results of 

this research can become a basis for policy makers in designing more effective and 

sustainable teacher professional development strategies. 

2. METHOD  
This research methodology uses a quantitative approach to evaluate the 

effectiveness of the pedagogical competency and professional competency development 

program for prospective Physics teachers. This research involved two groups, namely the 

experimental and control groups. The experimental group consisted of prospective 

Physics teachers from two educational institutions for educational staff (LTPK) providing 

PPG for the field of Physics Education, who had participated in a competency 



development program, while the control group consisted of prospective physics teachers 

who had not participated in the program from the same two LPTKs as the experimental 

class. 

Data collection was carried out through pretest and posttest to measure the 

pedagogical and professional skills of prospective teachers. This test is carried out before 

and after the implementation of the competency development program. To analyze the 

data, this study used the Mann-Whitney test to compare the results between the 

experimental class and the control class, as well as the Wilcoxon test to see changes in 

teacher skills from pretest to posttest. 

The Mann-Whitney test is used to determine whether there are significant 

differences between two independent groups, namely the experimental and control 

groups [18]. Meanwhile, the Wilcoxon test is used to test changes in two paired sets of 

data, namely pretest and posttest scores in groups, to see whether there is a significant 

increase in teachers' pedagogical and professional skills after participating in the 

development program [19], [20]. 

After carrying out the Mann-Whitney test and Wilcoxon test, the teacher's 

abilities in the pretest and posttest were visualized using the Wright map (Matsouaka et 

al., 2018). The Wright map allows a clear visualization of the increase in teachers' 

pedagogical and professional competence after participating in the development program 

[21]. 

3. RESULTS AND DISCUSSION  
3.1.  RESULTS 

Professional skills and pedagogical skills are two critical aspects of the teaching 

profession that play an important role in improving the quality of education [22]. 

Professional skills include in-depth knowledge of subject matter, the ability to design 

relevant and engaging learning, and skills in using technology and other supporting 

resources [23]. Teachers who have good professional skills are able to deliver material 

comprehensively and inspire students to learn independently. Table 1 visualizes the 

results of the identification of professional skills and pedagogical skills. 

  



Table 1. Fit statistics of Professional Skills and Pedagogical Skills 

 Keterampilan Profesional Keterampilan Pedagogik 

 Item Person Item Person 

Mean 0.00 0.36 0.00 0.82 

Measure -1.89 - 1.61 -1.62 - 3.23 -2.73 - 1.20 -1.09 - 3.96 

SD 0.69 0.97 0.68 0.88 

Mean Outfit MnSq 1.02 -0.04 1.00 0.21 

Mean Outfit ZStd 0.06 1.02 -0.11 0.92 

Separation 4.42 3.07 4.17 2.10 

Reliability  0.95 0.90 0.95 0.81 

Cronbach alpha 0.91 0.81 

 

The results of the statistical fit test of professional skills and pedagogical skills in 

Table 1 show high quality based on the results of the analysis of various statistical 

indicators. The average (mean) for items and persons is 0.00 and 0.36 respectively, 

reflecting a balanced distribution of values between the abilities measured. The range of 

measures for items ranges from -1.89 to 1.61, while for persons is from -1.62 to 3.23, 

indicating that this instrument is able to measure variations in abilities with a wide scope. 

The standard deviation for items is 0.69 and for persons is 0.97 indicating relatively 

consistent variations in the level of expertise measured. The Mean Outfit MnSq index for 

items is 1.02 and for persons is -0.04, and the Mean Outfit ZStd for items is 0.06 and for 

persons is 1.02, indicating that the data from this instrument is in accordance with the 

expected model and does not show any significant deviations. The Separation values for 

items and persons are 4.42 and 3.07, indicating the ability of this instrument to 

differentiate well among different levels of ability. The high level of reliability is also 

proven by the Cronbach alpha value of 0.91 for items and 0.90 for persons, confirming 

that this instrument is consistent in measuring the professional skills of prospective 

Physics teachers accurately. 

The instrument for measuring the pedagogical skills of prospective Physics 

teachers also show good quality based on the results of statistical analysis. The average 

(mean) for items and persons is 0.00 and 0.82 respectively, indicating a balanced 

distribution of values with a positive tendency in the abilities measured. The range of 

measures for items ranges from -2.73 to 1.20, while for persons ranges from -1.09 to 3.96, 

indicating that this instrument can measure a wide range of abilities. The standard 

deviation of items is 0.68 and for persons is 0.88 indicating consistent variation in the level 

of expertise measured. The Mean Outfit MnSq index for items is 1.00 and for persons is 

0.21, and the Mean Outfit ZStd for items is -0.11 and for persons is 0.92, indicating that 

the data from this instrument is in accordance with the expected model and does not 

show any significant deviations. The high separation for items of 4.17 and for persons of 

2.10 indicates the ability of this instrument to differentiate well between various levels of 

pedagogical ability. A good level of reliability is also seen from the Cronbach alpha value 

of 0.81 for items and 0.81 for persons, indicating that this instrument can be relied on to 



measure the pedagogical skills of prospective Physics teachers accurately and 

consistently. 

3.1.1.  Differences on Professional Skills Abilities of Prospective Physics Teachers 

To evaluate the effectiveness of the pedagogical and professional competence 

development program for teachers, statistical analysis was conducted on the pre-test and 

post-test data from prospective Physics teachers in the experimental and control groups 

[24]. This analysis aims to identify significant differences in skill improvement after the 

intervention of competence development program. The Mann-Whitney test was used to 

compare the distribution of scores between two unpaired groups, namely the 

experimental and control groups, both before (pre-test) and after (post-test) the 

intervention [25]. The Wilcoxon test was applied to evaluate changes in pre-test and post-

test scores within each group, to ensure that the skill improvement was significant [26]. 

The results of this statistical analysis provide important insights regarding the impact of 

the competence development program on improving the professional skills of prospective 

Physics teachers. The results of this analysis are illustrated in Table 2 and Table 3. 

 

Table 2. Mann-Whitney U Test Results on Professional Skills in Experimental and Control 

Groups (p < 0.05) 

Test Experimental Group Control Group U p 

Pre-test -0.17 (-1.52 – 0.90) -0.40 (-1.62 – 0.90) 1347.500 0.017 

Post-test 1.65 (0.59 – 3.23) 0.36 (-0.74 – 1.62) 183.500 0.000 

 

Table 3. Wilcoxon Test Results on Professional Skills in Experimental and Control Groups 

(P < 0.05) 

Group Pre-test Post-test Z p 

Experimental -0.17 (-1.52 – 0.90) 1.65 (0.59 – 3.23) -6.736 0.000 

Control -0.40 (-1.62 – 0.90) 0.36 (-0.74 – 1.62) -6.435 0.000 

 

The results of statistical analysis using the Mann-Whitney test illustrated in Table 

2 show that there is a statistically significant difference in the pre-test and post-test 

results between the prospective Physics teachers in the experimental group and the 

control group. In the pre-test results, the U value = 1347.500 with a significance level of p 

<0.05, indicating that before the intervention there was a significant difference between 

the two groups. After the intervention, the post-test results show a U value = 183.500 

with a significance level of p <0.05, indicating that the intervention carried out has a 

significant impact on improving the professional skills of prospective Physics teachers in 

the experimental group compared to the control group. 

Analysis using the Wilcoxon test illustrated in Table 3 strengthens this finding. The 

Wilcoxon test shows that there is a significant difference between the pre-test and post-



test results in both groups. In the experimental group, the Z value obtained is -6.736 with 

a significance level of p < 0.05, while in the control group, the Z value is -6.435 with the 

same significance level. This indicates that there is a significant increase in the 

professional skills of prospective Physics teachers after the intervention, either in the 

experimental or control groups. 

However, the higher significant difference in the experimental group compared 

to the control group indicates that the implemented competency development program 

is more effective in improving the professional skills of prospective Physics teachers. The 

professional skills of prospective Physics teachers in the experimental group improved 

better compared to the control group after the intervention was carried out. This confirms 

that the intervention of competency development program has a greater positive impact 

on prospective Physics teachers who are involved in the program compared to those who 

do not participate in the program. This finding supports the importance of ongoing 

competency development programs as efforts to improve the quality of teaching and 

teacher professionalism. 

3.1.2.  Professional Skills of Prospective Physiscs Teachers Based on Control and 

Experimental Class 

The step in evaluating the effectiveness of the professional skills development 

program for prospective Physics teachers was conducted by carrying out an in-depth 

analysis of the pretest and posttest data. One of the tools used for visualization and 

analysis of this data is the Wright map, which allows mapping the skills of prospective 

Physics teachers before and after the intervention [21]. The Wright map provides a clear 

picture of the distribution of abilities held by the prospective Physics teachers in the 

control group and the experimental group. By mapping the pretest and posttest results of 

the two groups, we can identify significant differences in the professional skill attainment. 

This analysis not only helps understand the distribution of abilities but also highlights the 

changes that occur as a result of the intervention; providing a more comprehensive insight 

related to the effectiveness of the training program that has been implemented [27]. The 

analysis on the professional skills of prospective Physics teachers in the control group and 

experimental group is illustrated in Figure 1 and Figure 2. 
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Figure 1. Wright Map of Pretest and Posttest on Professional Skills of Prospective Physics 

teachers in the Control Group 



The Wright map for the control group (Figure 1) shows the distribution of pretest 

and posttest scores for the professional skills of prospective Physics teachers. On this map, 

it can be seen that items and people are spread over a fairly wide range. Most of the 

values are around the average with some items and persons being less or more frequent 

than that value. For example, the item with the highest measure is 24COY, indicating that 

only a few prospective Physics teachers having very high professional skills before the 

intervention. In contrast, there are many people with measure values between -1 and 0, 

indicating lower or moderate professional skills before the intervention. This distribution 

shows significant variation in ability among prospective Physics teachers in the control 

group. 

After the intervention, the person's score is seen to shift significantly towards 

higher values, although there are still people who are at the low level. This shows that 

although there has been an increase in professional skills after the intervention, there are 

still some prospective Physics teachers who have not achieved the expected increase in 

skills. However, in general, this increase shows that the intervention has a positive impact 

even though it is not evenly distributed across all people. 
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Figure 2. Wright Map of Pretest and Posttest on Professional Skills of Prospective Physics 

teachers in the Experimental Group 

 

The Wright map for the experimental group shows a more striking difference 

between the pretest and posttest compared to the control group. In the experimental 

group, item and person measures are also spread over a wide range, but there is a higher 

concentration of higher measure values after the intervention. This shows that more 

prospective Physics teachers in the experimental group show significant improvement in 

professional skills [28]. 

In the pretest, there are people with the highest measures such as 11EOY, 

indicating high professional skills before the intervention. However, after the 

intervention, the measure values for many individuals increase significantly, with some 

individuals achieving higher measure values than before the intervention, such as 29EOX 

and 30EOY. This shows that the competency development program applied to the 

experimental group is more effective in improving the professional skills of prospective 

Physics teachers compared to the control group [29]. 

This Wright map indicates that the intervention carried out in the experimental 

group succeeded in improving professional skills significantly better than the control 

group. The distribution of higher scores and higher person concentration on measures 

after the intervention in the experimental group shows the effectiveness of the 

competency development program implemented. The significant difference in the score 

distribution of these two groups confirms that the approach applied in the experimental 



group was more successful in improving the professional skills of prospective Physics 

teachers. 

3.1.3. Differences on the Pedagogical Skills of Prospective Physics Teachers 

To understand the effectiveness of the intervention in improving the pedagogical 

skills of prospective Physics teachers, statistical analysis was carried out using two non-

parametric tests: the Mann-Whitney test and the Wilcoxon test. The Mann-Whitney test 

was used to compare distribution differences between two independent groups, namely 

the experimental group that received the intervention and the control group that did not 

receive the intervention [30]. This test helps determine whether there are any significant 

differences in pedagogical skills between the two groups. On the other hand, the 

Wilcoxon test was used to assess changes in the same group within two measurement 

times, namely before and after the intervention [31]. This analysis provides a more 

comprehensive picture on the impact of the intervention on the development of the 

pedagogical skills of prospective Physics teachers. The results of the statistical analysis of 

the two tests are illustrated in Table 4 and Table 5. 

 

Table 4.  Mann-Whitney U Test Results on Professional Skills of the Experimental 

and Control Group (p < 0.05) 

Test Experimental Group Control Group U p 

Pre-test 0.64 (-0.72–1.68) 0.31 (-1.27–1.14) 1274.500 0.006 

Post-test 1.90 (0.27–4.16) 0.48 (-1.29–2.12) 421.500 0.000 

 

Table 5. Wilcoxon Test Results on Professional Skills of the Experimental and 

Control Group (p < 0.05) 

Group Pre-test Post-test Z p 

Experimental 0.64 (-0.72–1.68) 1.90 (0.27–4.16) -6.729 0.000 

Control 0.31 (-1.27–1.14) 0.48 (-1.29–2.12) -2.721 0.006 

 

The results of the Mann-Whitney test (Table 4) show that there is a statistically significant 

difference in the results of the pre-test (U=1274.500, p < 0.05) and post-test (U=421.500, 

p < 0.05) among the prospective Physics teacher in both experimental and control groups. 

The Mann-Whitney test is a non-parametric statistical method used to compare two 

independent groups. In this context, the experimental group received a specific 

intervention, while the control group received no intervention. The significant results in 

this test indicate that the intervention given to the experimental group had a real effect 

on improving pedagogical skills compared to the control group. 

The Wilcoxon test results (Table 5) strengthen these findings by showing that 

there is a significant difference between the pre-test and post-test results of prospective 



Physics teachers both in the experimental group (Z=-6.729, p < 0.05) and in the control 

group (Z =-2.721, p < 0.05). The Wilcoxon test, which is also a non-parametric statistical 

method, is used to compare two sets of paired data, namely pre-test and post-test results 

from the same individual. These results indicate that there was a significant increase in 

pedagogical skills after the intervention in both groups, although the increase in the 

experimental group was higher compared to the control group. 

Overall, these findings indicate that the pedagogical skills of prospective Physics 

teachers improved after the intervention. However, the improvement was greater in the 

experimental group compared to the control group, indicating the effectiveness of the 

intervention implemented. The higher pedagogical skills in the experimental group 

compared to the control group after the intervention indicate that the training program 

or method applied was successful in significantly increasing the pedagogical competence 

of prospective Physics teachers. This emphasizes the importance of developing a 

structured and sustainable training program to improve the quality of teaching and 

professionalism of prospective Physics teachers [32]. Through appropriate and evidence-

based approaches, the development of pedagogical skills can have a significant positive 

impact on improving the overall quality of education [33]. 

 

3.1.4. Pedagogical Skills of Prospective Physics Teachers Based on Control Class and 

Experimental Class 

This mapping of prospective Physics teachers’ pedagogical skills provides a visual 

depiction of the distribution of test takers' abilities and the difficulty of the test items, 

making it easier to identify differences in abilities before and after the intervention. 

Wright Map analysis was carried out on pretest and posttest data on the pedagogical skills 

of prospective Physics teachers for two groups, namely the control group and the 

experimental group. Understanding the results of this mapping is very important to assess 

the effectiveness of the interventions that have been implemented. The following is a 

detailed analysis of the Wright Map pretest and posttest pedagogical skills of prospective 

Physics teachers in the control group and experimental group, which provides insight into 

improvements or changes in pedagogical abilities after the intervention was carried out. 

Analysis of the pedagogical skills of prospective Physics teachers in the control group and 

experimental group is illustrated in Figure 3 and Figure 4. 
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Figure 3. Wright Map of Pretest and Posttest Pedagogical Skills of Prospective Physics 

Teachers in the Control Group 
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Figure 4. Wright Map of Pretest and Posttest Professional Skills of Prospective Physics 

Teachers in the Experimental Group 

 

Wright Map analysis for pretest and posttest pedagogical skills of prospective 

Physics teachers in the control group and experimental group provides an in-depth picture 

of the distribution of ability and difficulty of items. In the Wright Map of the control group, 



it can be seen that the distribution of persons and items shows that the majority of 

prospective Physics teachers have varied pedagogical skills with some items being more 

difficult than others. Persons with codes such as 02COY, 01COY, and 05COY are in higher 

positions, indicating better pedagogical skills, while other persons are spread along the 

scale with the majority being around the middle of the scale (measure=1), indicating 

moderate variation in pedagogical abilities . This distribution indicates that there are 

differences in pedagogical abilities among the prospective Physics teachers in the control 

group, with some items indicating significant challenges for them. 

In contrast, in the Wright Map experimental group, the distribution of persons 

and items show a more significant increase in pedagogical skills after the intervention. 

Persons with codes such as 17EOY, 18EOY, 17EOX, and 18EOX are at higher measures 

(measure=3 and 4), indicating that the intervention provided was successful in improving 

their pedagogical skills. Many people from the experimental group are at higher levels 

compared to the control group, indicating that the intervention implemented was 

effective in improving the pedagogical skills of prospective Physics teachers. The 

distribution of items also shows that there are several items that remain difficult for most 

people, but overall, people in the experimental group show better abilities compared to 

the control group. 

From this analysis, it can be concluded that the intervention applied to the 

experimental group succeeded in improving the pedagogical skills of prospective Physics 

teachers significantly better than the control group [34]. The Wright Map provides a clear 

visualization of the distribution of ability and difficulty of items, assisting in understanding 

the effectiveness of the implemented intervention. This emphasizes the importance of 

structured and evidence-based training programs in improving the pedagogical quality of 

prospective Physics teachers [35]. 

3.2. Discussion 

3.2.1. Professional Skills of Prospective Physics Teachers 

Professional skills for prospective Physics teachers are an integral aspect in their 

preparation to face teaching assignments in the world of education. These skills include 

various competencies that are not only limited to mastering academic material, but also 

the ability to adapt to the work environment, interact with students, and manage the class 

effectively [36], [37]. A prospective Physics teacher who has strong professional skills can 

implement innovative teaching strategies, apply fair and objective assessments of student 

achievement, and build good relationships with all relevant parties in the educational 

context [38], [39]. 

The importance of the professional skills of prospective Physics teachers is also 

reflected in their ability to continue learning and developing themselves, either through 

additional training, workshops or independent study. This supports their ability to 

integrate the latest developments in education into their teaching practice so that it can 



improve the overall quality of students' learning experiences [5], [40]. The evaluation 

aspect of professional skills often involves the use of measurement tools such as validity 

and reliability tests, as well as competency mapping to assess the extent to which a 

prospective Physics teacher has achieved the standards set in their field [41]. 

Academically, the professional skills of prospective Physics teachers can be 

measured through various indicators, such as test results, assessments by fellow 

professionals, and the ability to plan and implement effective learning strategies [42]. 

Developing these skills also plays an important role in creating an inclusive learning 

environment and encouraging balanced intellectual and emotional growth of students. 

3.2.2. Pedagocial Skills of Prospective Physics Teachers 

The pedagogical skills of prospective Physics teachers are the main foundation in 

their ability to convey subject matter in a way that arouses interest and facilitates 

students’ understanding [43]. The main aspects of pedagogical skills include the ability to 

design a curriculum that is relevant and in accordance with educational standards, 

choosing appropriate teaching methods to accommodate students' diverse learning 

styles, and utilizing educational technology and other resources effectively in the learning 

process [44]. 

Academically, evaluation of pedagogical skills often involves direct classroom 

observations, analysis of teaching plans, and portfolio assessments that reflect success in 

achieving learning goals [49]. By building strong pedagogical skills, prospective Physics 

teachers can become effective agents of change in advancing the quality of education in 

their communities, as well as preparing future generations with relevant knowledge and 

skills to encounter global challenges [50]. 

Academically, evaluation of pedagogical skills often involves direct classroom 

observations, analysis of teaching plans, and portfolio assessments that reflect success in 

achieving learning goals [49]. By building strong pedagogical skills, prospective Physics 

teachers can become effective agents of change in advancing the quality of education in 

their communities, as well as preparing future generations with relevant knowledge and 

skills to encounter global challenges [50]. 

4. CONCLUSION  
The intervention carried out on prospective Physics teachers in the experimental 

group significantly improved their professional and pedagogical skills compared to the 

control group. The results of the Mann-Whitney and Wilcoxon statistical tests confirmed 

that there were significant differences in the pre-test and post-test between the two 

groups, indicating the effectiveness of the intervention in improving the quality of 

teaching preparation for prospective Physics teachers. Wright map analysis of 

pedagogical skills illustrates that the experimental group showed more regular and 

significant improvements compared to the control group, indicating that the intervention 



program was able to provide a positive and consistent impact on the development of 

teaching skills. The implications of this research are highly relevant for future educational 

policy, showing that appropriate intervention methods can improve educational 

standards and the overall preparation of prospective Physics teachers. Ongoing 

evaluation is needed to monitor and evaluate the effectiveness of this program in order 

to continue making necessary improvements in an effort to improve the quality of 

teaching. Overall, this research provides a valuable contribution to our understanding of 

ways to prepare prospective Physics teachers who are competent and ready to face future 

demands in an increasingly complex and dynamic world of education. 

ACKNOWLEDGEMENTS 

We would like to thanks Universitas Ahmad Dahlan for supporting and founding 

this work under the supported proffesorship candidate research grant 2024. 

REFERENCES 

[1] R. Asih, D. Alonzo, and T. Loughland, “The critical role of sources of efficacy information 

in a mandatory teacher professional development program: Evidence from Indonesia’s 

underprivileged region,” Teach Teach Educ, vol. 118, p. 103824, Oct. 2022, doi: 

10.1016/j.tate.2022.103824. 

[2] I. G. A. L. P. Utami and S. Prestridge, “How english teachers learn in indonesia: tension 

between policy-driven and self-driven professional development,” TEFLIN Journal - A 

publication on the teaching and learning of English, vol. 29, no. 2, p. 245, Jul. 2018, doi: 

10.15639/teflinjournal.v29i2/245-265. 

[3] U. Bergmark, “Teachers’ professional learning when building a research-based education: 

context-specific, collaborative and teacher-driven professional development,” 

Professional Development in Education, vol. 49, no. 2, pp. 210–224, Mar. 2023, doi: 

10.1080/19415257.2020.1827011. 

[4] I. S. Jenset, K. Klette, and K. Hammerness, “Grounding Teacher Education in Practice 

Around the World: An Examination of Teacher Education Coursework in Teacher 

Education Programs in Finland, Norway, and the United States,” J Teach Educ, vol. 69, no. 

2, pp. 184–197, Mar. 2018, doi: 10.1177/0022487117728248. 

[5] I. Rissanen, E. Kuusisto, E. Hanhimäki, and K. Tirri, “Teachers’ Implicit Meaning Systems 

and Their Implications for Pedagogical Thinking and Practice: A Case Study from Finland,” 

Scandinavian Journal of Educational Research, vol. 62, no. 4, pp. 487–500, Jul. 2018, doi: 

10.1080/00313831.2016.1258667. 

[6] N. X. Tou, Y. H. Kee, K. T. Koh, M. Camiré, and J. Y. Chow, “Singapore teachers’ attitudes 

towards the use of information and communication technologies in physical education,” 



Eur Phy Educ Rev, vol. 26, no. 2, pp. 481–494, May 2020, doi: 

10.1177/1356336X19869734. 

[7] Y. H. Leong, L. P. Cheng, W. Y. K. Toh, B. Kaur, and T. L. Toh, “Teaching students to apply 

formula using instructional materials: a case of a Singapore teacher’s practice,” 

Mathematics Education Research Journal, vol. 33, no. 1, pp. 89–111, Mar. 2021, doi: 

10.1007/s13394-019-00290-1. 

[8] M. Hopkins, P. Bjorklund, and J. P. Spillane, “The social side of teacher turnover: Closeness 

and trust among general and special education teachers in the United States,” Int J Educ 

Res, vol. 98, pp. 292–302, 2019, doi: 10.1016/j.ijer.2019.08.020. 

[9] Z. Oberfield, “Unionization and Street-Level Bureaucracy: An Examination of Public School 

Teachers in the United States,” Rev Public Pers Adm, vol. 41, no. 3, pp. 419–446, Sep. 2021, 

doi: 10.1177/0734371X19894376. 

[10] J. Koh, M. Cowling, M. Jha, and K. N. Sim, “The Human Teacher, the AI Teacher and the 

AIed-Teacher Relationship,” Journal of Higher Education Theory and Practice, vol. 23, no. 

17, Nov. 2023, doi: 10.33423/jhetp.v23i17.6543. 

[11] I. Aartun, K. Walseth, Ø. F. Standal, and D. Kirk, “Pedagogies of embodiment in physical 

education – a literature review,” Sport Educ Soc, vol. 27, no. 1, pp. 1–13, Jan. 2022, doi: 

10.1080/13573322.2020.1821182. 

[12] S.-C. Kong, M. Lai, and D. Sun, “Teacher development in computational thinking: Design 

and learning outcomes of programming concepts, practices and pedagogy,” Comput Educ, 

vol. 151, p. 103872, Jul. 2020, doi: 10.1016/j.compedu.2020.103872. 

[13] N. Baety, “Indonesian teacher performance: Professional and Character,” AKADEMIK: 

Jurnal Mahasiswa Humanis, vol. 1, no. 3, pp. 95–103, Sep. 2021, doi: 

10.37481/jmh.v1i3.459. 

[14] A. K. Wingard, H. D. Hermawan, and V. R. Dewi, “The Effects of Students’ Perception of 

the School Environment and Students’ Enjoyment in Reading towards Reading 

Achievement of 4th Grades Students in Hong Kong,” Indonesian Journal on Learning and 

Advanced Education (IJOLAE), vol. 2, no. 2, pp. 68–74, Jan. 2020, doi: 

10.23917/ijolae.v2i2.9350. 

[15] G. B. Gudmundsdottir and O. E. Hatlevik, “Newly qualified teachers’ professional digital 

competence: implications for teacher education,” European Journal of Teacher Education, 

vol. 41, no. 2, pp. 214–231, Mar. 2018, doi: 10.1080/02619768.2017.1416085. 

[16] D. Ramandanis and S. Xinogalos, “Investigating the Support Provided by Chatbots to 

Educational Institutions and Their Students: A Systematic Literature Review,” Multimodal 

Technologies and Interaction, vol. 7, no. 11, p. 103, Nov. 2023, doi: 10.3390/mti7110103. 



[17] P. S. Lisenbee and C. M. Ford, “Engaging Students in Traditional and Digital Storytelling to 

Make Connections Between Pedagogy and Children’s Experiences,” Early Child Educ J, vol. 

46, no. 1, pp. 129–139, Jan. 2018, doi: 10.1007/s10643-017-0846-x. 

[18] T. Lin, T. Chen, J. Liu, and X. M. Tu, “Extending the Mann‐Whitney‐Wilcoxon rank sum test 

to survey data for comparing mean ranks,” Stat Med, vol. 40, no. 7, pp. 1705–1717, Mar. 

2021, doi: 10.1002/sim.8865. 

[19] Y. Fong and Y. Huang, “Modified Wilcoxon–Mann–Whitney Test and Power Against Strong 

Null,” Am Stat, vol. 73, no. 1, pp. 43–49, Jan. 2019, doi: 10.1080/00031305.2017.1328375. 

[20] R. A. Matsouaka, A. B. Singhal, and R. A. Betensky, “An optimal Wilcoxon–Mann–Whitney 

test of mortality and a continuous outcome,” Stat Methods Med Res, vol. 27, no. 8, pp. 

2384–2400, Aug. 2018, doi: 10.1177/0962280216680524. 

[21] H. Hilaliyah, Y. Agustin, S. Setiawati, S. N. Hapsari, I. B. Rangka, and M. Ratodi, “Wright-

Map to investigate the actual abilities on math test of elementary students,” J Phys Conf 

Ser, vol. 1318, no. 1, p. 012067, Oct. 2019, doi: 10.1088/1742-6596/1318/1/012067. 

[22] M. Musthofa, Nasikhin, M. Junaedi, and S. Hasanah, “The influence of online learning on 

student professionalism Teacher professional Education Program: Studies in Islamic 

higher Education in Indonesia,” Cogent Education, vol. 10, no. 2, Dec. 2023, doi: 

10.1080/2331186X.2023.2276025. 

[23] A. Huber, C. Strecker, T. Kachel, T. Höge, and S. Höfer, “Character Strengths Profiles in 

Medical Professionals and Their Impact on Well-Being,” Front Psychol, vol. 11, Dec. 2020, 

doi: 10.3389/fpsyg.2020.566728. 

[24] S. Handayani, L. Peddell, and T. Yeigh, “Participants’ Experiences in Heutagogy Teacher 

Professional Education in Indonesia,” Australian Journal of Teacher Education, vol. 48, no. 

6, Jan. 2023, doi: 10.14221/1835-517X.5739. 

[25] G. W. Divine, H. J. Norton, A. E. Barón, and E. Juarez-Colunga, “The Wilcoxon–Mann–

Whitney Procedure Fails as a Test of Medians,” Am Stat, vol. 72, no. 3, pp. 278–286, Jul. 

2018, doi: 10.1080/00031305.2017.1305291. 

[26] Z. Smida, L. Cucala, A. Gannoun, and G. Durif, “A Wilcoxon-Mann-Whitney spatial scan 

statistic for functional data,” Comput Stat Data Anal, vol. 167, p. 107378, Mar. 2022, doi: 

10.1016/j.csda.2021.107378. 

[27] S. Sulistiawati, Y. S. Kusumah, J. A. Dahlan, D. Juandi, and H. Vos, “A Bibliometric Analysis: 

Trend of Studies in Self-Regulated Learning Over The Past Three Decades,” Indonesian 

Journal on Learning and Advanced Education (IJOLAE), vol. 5, no. 2, pp. 178–197, May 

2023, doi: 10.23917/ijolae.v5i2.21381. 



[28] F. J. Rodríguez Muñoz, “Pre-test and structural analysis of the pragmatic awareness 

questionnaire destined to teachers’ communicative instruction,” Acta Scientiarum. 

Language and Culture, vol. 40, no. 1, p. 34181, Mar. 2018, doi: 

10.4025/actascilangcult.v40i1.34181. 

[29] M.-Y. Chen, S.-M. Huang, and W. Chou, “Using Rasch Wright map to identify hospital 

employee satisfaction during and before COVID-19,” Medicine, vol. 102, no. 51, p. e36490, 

Dec. 2023, doi: 10.1097/MD.0000000000036490. 

[30] L. Mao, “Wilcoxon-Mann-Whitney statistics in randomized trials with non-compliance,” 

Electron J Stat, vol. 18, no. 1, Jan. 2024, doi: 10.1214/23-EJS2209. 

[31] R. Wilcox, “Bivariate Analogs of the Wilcoxon–Mann–Whitney Test and the Patel–Hoel 

Method for Interactions,” Journal of Modern Applied Statistical Methods, vol. 18, no. 1, 

pp. 2–14, Feb. 2020, doi: 10.22237/jmasm/1556669880. 

[32] M. Mawarto, W. Widodo, and S. Sulistiasih, “The Antecedence of Teacher’s Professional 

Performance: Evidence from Indonesia,” Universal Journal of Educational Research, vol. 

8, no. 10, pp. 4760–4768, Oct. 2020, doi: 10.13189/ujer.2020.081047. 

[33] A. MacPhail, M. Ulvik, A. Guberman, G. Czerniawski, H. Oolbekkink-Marchand, and Y. Bain, 

“The professional development of higher education-based teacher educators: needs and 

realities,” Professional Development in Education, vol. 45, no. 5, pp. 848–861, Oct. 2019, 

doi: 10.1080/19415257.2018.1529610. 

[34] Y. Cheng, W. Jia, R. Chi, and A. Li, “A Clustering Analysis Method With High Reliability 

Based on Wilcoxon-Mann-Whitney Testing,” IEEE Access, vol. 9, pp. 19776–19787, 2021, 

doi: 10.1109/ACCESS.2021.3053244. 

[35] D. Alderman, R. Narro Perez, L. E. Eaves, P. Klein, and S. Muñoz, “Reflections on 

operationalizing an anti-racism pedagogy: teaching as regional storytelling,” Journal of 

Geography in Higher Education, vol. 45, no. 2, pp. 186–200, Apr. 2021, doi: 

10.1080/03098265.2019.1661367. 

[36] L. Lukman et al., “Effective teachers’ personality in strengthening character education,” 

International Journal of Evaluation and Research in Education (IJERE), vol. 10, no. 2, p. 

512, Jun. 2021, doi: 10.11591/ijere.v10i2.21629. 

[37] R. Scherer, J. Tondeur, F. Siddiq, and E. Baran, “The importance of attitudes toward 

technology for pre-service teachers’ technological, pedagogical, and content knowledge: 

Comparing structural equation modeling approaches,” Comput Human Behav, vol. 80, pp. 

67–80, Mar. 2018, doi: 10.1016/j.chb.2017.11.003. 



[38] A. H. Abdulrazzaq, “Teacher Appraisers’ Perceptions of Teacher Appraisal,” Indonesian 

Journal on Learning and Advanced Education (IJOLAE), vol. 4, no. 3, pp. 233–245, Sep. 

2022, doi: 10.23917/ijolae.v4i3.18779. 

[39] B. E. Wood, R. Taylor, R. Atkins, and M. Johnston, “Pedagogies for active citizenship: 

Learning through affective and cognitive domains for deeper democratic engagement,” 

Teach Teach Educ, vol. 75, pp. 259–267, Oct. 2018, doi: 10.1016/j.tate.2018.07.007. 

[40] N. Ishartono et al., “The Role of Instructional Design in Improving Pre-Service and In-

Service Teacher’s Mathematics Learning Sets Skills: A Systematic Literature Review in 

Indonesian Context,” Indonesian Journal on Learning and Advanced Education (IJOLAE), 

vol. 5, no. 1, pp. 13–31, Dec. 2022, doi: 10.23917/ijolae.v5i1.20377. 

[41] M. A. Flores, “Feeling like a student but thinking like a teacher: a study of the development 

of professional identity in initial teacher education,” Journal of Education for Teaching, 

vol. 46, no. 2, pp. 145–158, Mar. 2020, doi: 10.1080/02607476.2020.1724659. 

[42] H. T. Yusuf, “Teachers Evaluation of Concurrent and Consecutive Teacher Education 

Models in South-west, Nigeria,” Indonesian Journal on Learning and Advanced Education 

(IJOLAE), vol. 4, no. 2, pp. 107–117, May 2022, doi: 10.23917/ijolae.v4i2.17599. 

[43] M. Mu’arifin and B. S. Narmaditya, “Professional development program for physical 

education teachers in Indonesia,” Jurnal Cakrawala Pendidikan, vol. 41, no. 3, pp. 665–

675, Sep. 2022, doi: 10.21831/cp.v41i3.49636. 

[44] J. Marsh, E. Wood, L. Chesworth, B. Nisha, B. Nutbrown, and B. Olney, “Makerspaces in 

early childhood education: Principles of pedagogy and practice,” Mind Cult Act, vol. 26, 

no. 3, pp. 221–233, Jul. 2019, doi: 10.1080/10749039.2019.1655651. 

[45] I. Harjanto, A. Lie, D. Wihardini, L. Pryor, and M. Wilson, “Community-based teacher 

professional development in remote areas in Indonesia,” Journal of Education for 

Teaching, vol. 44, no. 2, pp. 212–231, Mar. 2018, doi: 10.1080/02607476.2017.1415515. 

[46] Rusdiana, “Pendidikan profesi keguruan; menjadi guru inspiratif dan inovatif,” 2015. 

[Online]. Available: https://api.semanticscholar.org/CorpusID:218408531 

[47] J. Sargent and A. Casey, “Flipped learning, pedagogy and digital technology: Establishing 

consistent practice to optimise lesson time,” Eur Phy Educ Rev, vol. 26, no. 1, pp. 70–84, 

Feb. 2020, doi: 10.1177/1356336X19826603. 

[48] J. M. Ramdani and X. (Andy) Gao, “Exploratory practice for teacher professional 

development in Indonesia,” TESOL Journal, vol. 15, no. 2, Jun. 2024, doi: 10.1002/tesj.775. 

[49] M. Portuguez Castro and M. G. Gómez Zermeño, “Challenge Based Learning: Innovative 

Pedagogy for Sustainability through e-Learning in Higher Education,” Sustainability, vol. 

12, no. 10, p. 4063, May 2020, doi: 10.3390/su12104063. 



[50] R. A. Shahjahan, A. L. Estera, K. L. Surla, and K. T. Edwards, “‘Decolonizing’ Curriculum and 

Pedagogy: A Comparative Review Across Disciplines and Global Higher Education 

Contexts,” Rev Educ Res, vol. 92, no. 1, pp. 73–113, Feb. 2022, doi: 

10.3102/00346543211042423. 

  

BIOGRAPHIES OF AUTHORS  

 

Dian Artha Kusumaningtyas     i s  a  senior  lecturer  in  the  Physics  

Education  Program  at Ahmad  Dahlan  University,  Yogyakarta.  Currently,  she  

serves  as  the  Program  Coordinator for  Character  Education  and  Academic  

Advisor  at  the  same  institution.  With  a  strong commitment   to   education,  

Dian's   research   interests   lie   in   science   learning,   learning assessment,  

and school development in suburban areas. For inquiries or collaboration, she 

can be contacted at (email: dian.artha@pfis.uad.ac.id) 

 

Moh Irma Sukarelawan     is an assistant professor at Universitas 

Ahmad Dahlan (Department of Physics Education, Faculty of Teacher Training 

and Education), Yogyakarta, Indonesia. He obtained his Doctoral degree in the 

Department of Educational Science, Graduate School, Universitas Negeri 

Yogyakarta (UNY) in 2023. His research focuses on physics education, 

misconception, metacognition, and the Rasch modeling. He can be contacted 

at irma.sukarelawan@pfis.uad.ac.id 

 

Muhammad Syahriandi Adhantoro is an enthusiast of information technology 

who has created various works in the field of education, including educational 

games and learning information systems. He also has an interest in Educational 

Informatics research. 

 

 

  

https://orcid.org/0000-0002-8546-8870
https://scholar.google.com/citations?user=h9GzyWcAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57207959664
https://orcid.org/0000-0002-3823-3964
https://scholar.google.com/citations?user=mpCvaTcAAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57219532478
https://www.webofscience.com/wos/author/rid/AAE-7748-2022


 

 

 

 

 

 

 

 

 

 

 

 

2.Bukti Konfirmasi review dan hasil 

review Pertama (30 Juli 2024)  
 

  



 

 

 

  











 

  



3. Bukti konfirmasi submit review pertama 

dan artikel yang diresubmit  

(5 Agustus 2024) 

  



Evaluation of the Effectiveness of Intervention on Professional and 
Pedagogical Skills for Prospective Physics Teachers  
 
 

 

Dian Artha Kusumaningtyas1*, Irma Sukarelawan2 , Muhammad Syahriandi Adhantoro2, 

Wahyu Nanda Eka Saputra3 

1 Department of Physics Education, Faculty of Teacher Training and Education, Universitas Ahmad Dahlan, Indonesia 

2 Department of Master of Informatics, Faculty of Communication and Informatics, Universitas Muhammadiyah Surakarta, 

Indonesia 

3 Department of Guidance and Counseling, Faculty of Teacher Training and Education, Universitas Ahmad Dahlan, Indonesia 

 

Article Info  ABSTRACT 

Article history: 

Received mm dd, yyyy 
Revised mm dd, yyyy 
Accepted mm dd, yyyy 
 

 This study evaluates the effectiveness of a targeted intervention designed to 
enhance the professional and pedagogical skills of prospective Physics 
teachers, addressing a key gap in teacher education. The research involved 
an experimental group receiving the intervention and a control group that 
did not. To rigorously assess the impact, Mann-Whitney and Wilcoxon 
statistical tests were used to compare pre-test and post-test outcomes, 
alongside Wright map analysis to visualize skill development. The results 
revealed a significant improvement in the professional and pedagogical 
competencies of the experimental group compared to the control group, as 
indicated by Mann-Whitney test values (U=1274.500, p < 0.05 and 
U=421.500, p < 0.05). The Wright map analysis further demonstrated that 
the experimental group experienced more consistent and substantial gains 
in pedagogical skills. This research contributes to the field by providing 
empirical evidence supporting the use of targeted interventions in Physics 
teacher preparation programs. The findings underscore the importance of 
refining educational policies to better equip future educators and suggest 
ongoing evaluations to ensure that such programs adapt to the evolving 
needs of education. This study fills a critical gap in the literature and informs 
the development of more effective teacher training strategies. 
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5. INTRODUCTION 
In Indonesia, teacher professional development still faces various challenges, 

including limited access to quality training, lack of incentives and adequate facilities. 

Teacher professional development in Indonesia often focuses on improving pedagogical, 

personality, professional, and social competencies [1], [2], [3]. In contrast, in developed 

countries such as Finland, Singapore, and the United States, teacher professional 

development is carried out systematically and continuously [4], [5], [6]. Singapore also 

has a strong mentoring system where junior teachers receive guidance from experienced 

senior teachers [7]. Many schools in the US also provide time and resources for teachers 

to participate in professional development, including teacher-to-teacher collaboration 

and school-based development [8], [9].  

Although efforts to improve teacher competency in Indonesia already exist, 

significant improvements are still needed in terms of accessibility, continuity, and 

adequate support. Experiences from developed countries show that sustainable 

investment in teacher professional development is very important to achieve high-quality 

education and can be an inspiration for improving the system in Indonesia [10]. A 

teacher's pedagogical and professional competence is the main foundation in the world 

of education [11]. Pedagogical competence includes the teacher's ability to design, 

implement, and evaluate learning processes that are adaptive and responsive to student 

needs [12]. Professional competence includes in-depth knowledge of subject matter, 

professional ethics, and the ability to innovate in teaching [13]. Without this competency, 

a teacher will have difficulty conveying material effectively, facilitating constructive 

discussions, and cultivating critical skills in students. 

If a teacher's pedagogical and professional competence is lacking, serious 

challenges can arise. Students may experience difficulties in understanding lesson 

material, which leads to low learning outcomes and motivation [14], [15]. Therefore, 

improving teachers' pedagogical and professional competence is very important to ensure 

high-quality education and optimal student academic achievement [16]. The novelty of 

this research lies in the evaluative approach used to assess the effectiveness of teacher 

pedagogical and professional competency development programs. This research 

compares the achievements of pedagogical and professional competencies between 
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prospective teachers who have participated in the professional teacher education 

program for the field of physics with classes who have not participated in the program 

[17]. This research is expected to provide a clear picture of the impact of increasing 

teacher competency on the transformation of education in Indonesia. It is also expected 

that the results of this research can become a basis for policymakers in designing more 

effective and sustainable teacher professional development strategies. 

 

 

6. METHOD  
This research methodology uses a quantitative approach to evaluate the 

effectiveness of the pedagogical competency and professional competency development 

program for prospective Physics teachers. This research involved two groups, namely the 

experimental (n= 120) and control groups (n= 120). The experimental group consisted of 

prospective Physics teachers from two educational institutions for educational staff 

(LTPK) providing PPG for the field of Physics Education, who had participated in a 

competency development program, while the control group consisted of prospective 

physics teachers who had not participated in the program from the same two LPTKs as 

the experimental class. 

Data collection was carried out through pretest and posttest to measure the 

pedagogical and professional skills of prospective teachers. This test is carried out before 

and after the implementation of the competency development program. Data collection 

tools in this research are pedagogical and professional tests, each consisting of 45 

question items. The instrument has validity and reliability, so it has a reliable ability to 

measure the intended competency. 

The Mann-Whitney test is used to determine whether there are significant 

differences between two independent groups, namely the experimental and control 

groups [18]. Meanwhile, the Wilcoxon test is used to test changes in two paired sets of 

data, namely pretest and posttest scores in groups, to see whether there is a significant 

increase in teachers' pedagogical and professional skills after participating in the 

development program [19], [20]. After carrying out the Mann-Whitney test and Wilcoxon 

test, the teacher's abilities in the pretest and posttest were visualized using the Wright 

map [20]. The Wright map allows a clear visualization of the increase in teachers' 

pedagogical and professional competence after participating in the development program 

[21]. 

 

 



7. RESULTS AND DISCUSSION  
3.1.  RESULTS 

Professional skills and pedagogical skills are two critical aspects of the teaching 

profession that play an important role in improving the quality of education [22]. 

Professional skills include in-depth knowledge of subject matter, the ability to design 

relevant and engaging learning, and skills in using technology and other supporting 

resources [23]. Teachers who have good professional skills are able to deliver material 

comprehensively and inspire students to learn independently. Table 1 visualizes the 

results of the identification of professional skills and pedagogical skills. 

 

Table 6. Fit statistics of Professional Skills and Pedagogical Skills 

 Professional Skills Pedagogical Skills 

 Item Person Item Person 

Mean 0.00 0.36 0.00 0.82 

Measure -1.89 - 1.61 -1.62 - 3.23 -2.73 - 1.20 -1.09 - 3.96 

SD 0.69 0.97 0.68 0.88 

Mean Outfit MnSq 1.02 -0.04 1.00 0.21 

Mean Outfit ZStd 0.06 1.02 -0.11 0.92 

Separation 4.42 3.07 4.17 2.10 

Reliability  0.95 0.90 0.95 0.81 

Cronbach alpha 0.91 0.81 

 

The results of the statistical fit test of professional skills and pedagogical skills in 

Table 1 show high quality based on the results of the analysis of various statistical 

indicators. The average (mean) for items and persons is 0.00 and 0.36 respectively, 

reflecting a balanced distribution of values between the abilities measured. The range of 

measures for items ranges from -1.89 to 1.61, while for persons is from -1.62 to 3.23, 

indicating that this instrument is able to measure variations in abilities with a wide scope. 

The standard deviation for items is 0.69 and for persons is 0.97 indicating relatively 

consistent variations in the level of expertise measured. The Mean Outfit MnSq index for 

items is 1.02 and for persons is -0.04, and the Mean Outfit ZStd for items is 0.06 and for 

persons is 1.02, indicating that the data from this instrument is in accordance with the 

expected model and does not show any significant deviations. The Separation values for 

items and persons are 4.42 and 3.07, indicating the ability of this instrument to 

differentiate well among different levels of ability. The high level of reliability is also 

proven by the Cronbach alpha value of 0.91 for items and 0.90 for persons, confirming 

that this instrument is consistent in measuring the professional skills of prospective 

Physics teachers accurately. 

The instrument for measuring the pedagogical skills of prospective Physics 

teachers also show good quality based on the results of statistical analysis. The average 

(mean) for items and persons is 0.00 and 0.82 respectively, indicating a balanced 



distribution of values with a positive tendency in the abilities measured. The range of 

measures for items ranges from -2.73 to 1.20, while for persons ranges from -1.09 to 3.96, 

indicating that this instrument can measure a wide range of abilities. The standard 

deviation of items is 0.68 and for persons is 0.88 indicating consistent variation in the level 

of expertise measured. The Mean Outfit MnSq index for items is 1.00 and for persons is 

0.21, and the Mean Outfit ZStd for items is -0.11 and for persons is 0.92, indicating that 

the data from this instrument is in accordance with the expected model and does not 

show any significant deviations. The high separation for items of 4.17 and for persons of 

2.10 indicates the ability of this instrument to differentiate well between various levels of 

pedagogical ability. A good level of reliability is also seen from the Cronbach alpha value 

of 0.81 for items and 0.81 for persons, indicating that this instrument can be relied on to 

measure the pedagogical skills of prospective Physics teachers accurately and 

consistently. 

 

7.1.1.  Differences on Professional Skills Abilities of Prospective Physics Teachers 

To evaluate the effectiveness of the pedagogical and professional competence 

development program for teachers, statistical analysis was conducted on the pre-test and 

post-test data from prospective Physics teachers in the experimental and control groups 

[24]. This analysis aims to identify significant differences in skill improvement after the 

intervention of competence development program. The Mann-Whitney test was used to 

compare the distribution of scores between two unpaired groups, namely the 

experimental and control groups, both before (pre-test) and after (post-test) the 

intervention [25]. The Wilcoxon test was applied to evaluate changes in pre-test and post-

test scores within each group, to ensure that the skill improvement was significant [26]. 

The results of this statistical analysis provide important insights regarding the impact of 

the competence development program on improving the professional skills of prospective 

Physics teachers. The results of this analysis are illustrated in Table 2 and Table 3. 

 

Table 7. Mann-Whitney U Test Results on Professional Skills in Experimental and Control 

Groups (p < 0.05) 

Test Experimental Group Control Group U p 

Pre-test -0.17 (-1.52 – 0.90) -0.40 (-1.62 – 0.90) 1347.500 0.017 

Post-test 1.65 (0.59 – 3.23) 0.36 (-0.74 – 1.62) 183.500 0.000 

 

Table 8. Wilcoxon Test Results on Professional Skills in Experimental and Control Groups 

(P < 0.05) 

Group Pre-test Post-test Z p 

Experimental -0.17 (-1.52 – 0.90) 1.65 (0.59 – 3.23) -6.736 0.000 

Control -0.40 (-1.62 – 0.90) 0.36 (-0.74 – 1.62) -6.435 0.000 



 

The results of statistical analysis using the Mann-Whitney test illustrated in Table 

2 show that there is a statistically significant difference in the pre-test and post-test 

results between the prospective Physics teachers in the experimental group and the 

control group. In the pre-test results, the U value = 1347.500 with a significance level of p 

<0.05, indicating that before the intervention there was a significant difference between 

the two groups. After the intervention, the post-test results show a U value = 183.500 

with a significance level of p <0.05, indicating that the intervention carried out has a 

significant impact on improving the professional skills of prospective Physics teachers in 

the experimental group compared to the control group. 

Analysis using the Wilcoxon test illustrated in Table 3 strengthens this finding. The 

Wilcoxon test shows that there is a significant difference between the pre-test and post-

test results in both groups. In the experimental group, the Z value obtained is -6.736 with 

a significance level of p < 0.05, while in the control group, the Z value is -6.435 with the 

same significance level. This indicates that there is a significant increase in the 

professional skills of prospective Physics teachers after the intervention, either in the 

experimental or control groups. 

However, the higher significant difference in the experimental group compared 

to the control group indicates that the implemented competency development program 

is more effective in improving the professional skills of prospective Physics teachers. The 

professional skills of prospective Physics teachers in the experimental group improved 

better compared to the control group after the intervention was carried out. This confirms 

that the intervention of competency development program has a greater positive impact 

on prospective Physics teachers who are involved in the program compared to those who 

do not participate in the program. This finding supports the importance of ongoing 

competency development programs as efforts to improve the quality of teaching and 

teacher professionalism. 

 

 

3.1.2.  Professional Skills of Prospective Physiscs Teachers Based on Control and 

Experimental Class 

The step in evaluating the effectiveness of the professional skills development 

program for prospective Physics teachers was conducted by carrying out an in-depth 

analysis of the pretest and posttest data. One of the tools used for visualization and 

analysis of this data is the Wright map, which allows mapping the skills of prospective 

Physics teachers before and after the intervention [21]. The Wright map provides a clear 

picture of the distribution of abilities held by the prospective Physics teachers in the 



control group and the experimental group. By mapping the pretest and posttest results of 

the two groups, we can identify significant differences in the professional skill attainment. 

This analysis not only helps understand the distribution of abilities but also highlights the 

changes that occur as a result of the intervention; providing a more comprehensive insight 

related to the effectiveness of the training program that has been implemented [27]. The 

analysis on the professional skills of prospective Physics teachers in the control group and 

experimental group is illustrated in Figure 1 and Figure 2. 
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Figure 3. Wright Map of Pretest and Posttest on Professional Skills of Prospective Physics 

teachers in the Control Group 

 

The Wright map for the control group (Figure 1) shows the distribution of pretest 

and posttest scores for the professional skills of prospective Physics teachers. On this map, 

it can be seen that items and people are spread over a fairly wide range. Most of the 

values are around the average with some items and persons being less or more frequent 

than that value. For example, the item with the highest measure is 24COY, indicating that 

only a few prospective Physics teachers having very high professional skills before the 

intervention. In contrast, there are many people with measure values between -1 and 0, 

indicating lower or moderate professional skills before the intervention. This distribution 

shows significant variation in ability among prospective Physics teachers in the control 

group. 

After the intervention, the person's score is seen to shift significantly towards 

higher values, although there are still people who are at the low level. This shows that 

although there has been an increase in professional skills after the intervention, there are 

still some prospective Physics teachers who have not achieved the expected increase in 

skills. However, in general, this increase shows that the intervention has a positive impact 

even though it is not evenly distributed across all people. 
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Figure 4. Wright Map of Pretest and Posttest on Professional Skills of Prospective Physics 

teachers in the Experimental Group 

 

The Wright map for the experimental group shows a more striking difference 

between the pretest and posttest compared to the control group. In the experimental 

group, item and person measures are also spread over a wide range, but there is a higher 

concentration of higher measure values after the intervention. This shows that more 

prospective Physics teachers in the experimental group show significant improvement in 

professional skills [28]. 

In the pretest, there are people with the highest measures such as 11EOY, 

indicating high professional skills before the intervention. However, after the 



intervention, the measure values for many individuals increase significantly, with some 

individuals achieving higher measure values than before the intervention, such as 29EOX 

and 30EOY. This shows that the competency development program applied to the 

experimental group is more effective in improving the professional skills of prospective 

Physics teachers compared to the control group [29]. 

This Wright map indicates that the intervention carried out in the experimental 

group succeeded in improving professional skills significantly better than the control 

group. The distribution of higher scores and higher person concentration on measures 

after the intervention in the experimental group shows the effectiveness of the 

competency development program implemented. The significant difference in the score 

distribution of these two groups confirms that the approach applied in the experimental 

group was more successful in improving the professional skills of prospective Physics 

teachers. 

 

3.1.3. Differences on the Pedagogical Skills of Prospective Physics Teachers 

To understand the effectiveness of the intervention in improving the pedagogical 

skills of prospective Physics teachers, statistical analysis was carried out using two non-

parametric tests: the Mann-Whitney test and the Wilcoxon test. The Mann-Whitney test 

was used to compare distribution differences between two independent groups, namely 

the experimental group that received the intervention and the control group that did not 

receive the intervention [30]. This test helps determine whether there are any significant 

differences in pedagogical skills between the two groups. On the other hand, the 

Wilcoxon test was used to assess changes in the same group within two measurement 

times, namely before and after the intervention [31]. This analysis provides a more 

comprehensive picture on the impact of the intervention on the development of the 

pedagogical skills of prospective Physics teachers. The results of the statistical analysis of 

the two tests are illustrated in Table 4 and Table 5. 

 

Table 9.  Mann-Whitney U Test Results on Professional Skills of the Experimental 

and Control Group (p < 0.05) 

Test Experimental Group Control Group U p 

Pre-test 0.64 (-0.72–1.68) 0.31 (-1.27–1.14) 1274.500 0.006 

Post-test 1.90 (0.27–4.16) 0.48 (-1.29–2.12) 421.500 0.000 

 

Table 10. Wilcoxon Test Results on Professional Skills of the Experimental and 

Control Group (p < 0.05) 

Group Pre-test Post-test Z p 

Experimental 0.64 (-0.72–1.68) 1.90 (0.27–4.16) -6.729 0.000 



Control 0.31 (-1.27–1.14) 0.48 (-1.29–2.12) -2.721 0.006 

 

 

The results of the Mann-Whitney test (Table 4) show that there is a statistically 

significant difference in the results of the pre-test (U=1274.500, p < 0.05) and post-test 

(U=421.500, p < 0.05) among the prospective Physics teacher in both experimental and 

control groups. The Mann-Whitney test is a non-parametric statistical method used to 

compare two independent groups. In this context, the experimental group received a 

specific intervention, while the control group received no intervention. The significant 

results in this test indicate that the intervention given to the experimental group had a 

real effect on improving pedagogical skills compared to the control group. 

The Wilcoxon test results (Table 5) strengthen these findings by showing that 

there is a significant difference between the pre-test and post-test results of prospective 

Physics teachers both in the experimental group (Z=-6.729, p < 0.05) and in the control 

group (Z =-2.721, p < 0.05). The Wilcoxon test, which is also a non-parametric statistical 

method, is used to compare two sets of paired data, namely pre-test and post-test results 

from the same individual. These results indicate that there was a significant increase in 

pedagogical skills after the intervention in both groups, although the increase in the 

experimental group was higher compared to the control group. 

Overall, these findings indicate that the pedagogical skills of prospective Physics 

teachers improved after the intervention. However, the improvement was greater in the 

experimental group compared to the control group, indicating the effectiveness of the 

intervention implemented. The higher pedagogical skills in the experimental group 

compared to the control group after the intervention indicate that the training program 

or method applied was successful in significantly increasing the pedagogical competence 

of prospective Physics teachers. This emphasizes the importance of developing a 

structured and sustainable training program to improve the quality of teaching and 

professionalism of prospective Physics teachers [32]. Through appropriate and evidence-

based approaches, the development of pedagogical skills can have a significant positive 

impact on improving the overall quality of education [33]. 

 

3.1.4. Pedagogical Skills of Prospective Physics Teachers Based on Control Class and 

Experimental Class 

This mapping of prospective Physics teachers’ pedagogical skills provides a visual 

depiction of the distribution of test takers' abilities and the difficulty of the test items, 

making it easier to identify differences in abilities before and after the intervention. 

Wright Map analysis was carried out on pretest and posttest data on the pedagogical skills 

of prospective Physics teachers for two groups, namely the control group and the 



experimental group. Understanding the results of this mapping is very important to assess 

the effectiveness of the interventions that have been implemented. The following is a 

detailed analysis of the Wright Map pretest and posttest pedagogical skills of prospective 

Physics teachers in the control group and experimental group, which provides insight into 

improvements or changes in pedagogical abilities after the intervention was carried out. 

Analysis of the pedagogical skills of prospective Physics teachers in the control group and 

experimental group is illustrated in Figure 3 and Figure 4. 
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Figure 3. Wright Map of Pretest and Posttest Pedagogical Skills of Prospective Physics 

Teachers in the Control Group 
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Figure 4. Wright Map of Pretest and Posttest Professional Skills of Prospective Physics 

Teachers in the Experimental Group 

 

Wright Map analysis for pretest and posttest pedagogical skills of prospective 

Physics teachers in the control group and experimental group provides an in-depth picture 

of the distribution of ability and difficulty of items. In the Wright Map of the control group, 

it can be seen that the distribution of persons and items shows that the majority of 

prospective Physics teachers have varied pedagogical skills with some items being more 

difficult than others. Persons with codes such as 02COY, 01COY, and 05COY are in higher 

positions, indicating better pedagogical skills, while other persons are spread along the 

scale with the majority being around the middle of the scale (measure=1), indicating 

moderate variation in pedagogical abilities . This distribution indicates that there are 

differences in pedagogical abilities among the prospective Physics teachers in the control 

group, with some items indicating significant challenges for them. 

In contrast, in the Wright Map experimental group, the distribution of persons 

and items show a more significant increase in pedagogical skills after the intervention. 

Persons with codes such as 17EOY, 18EOY, 17EOX, and 18EOX are at higher measures 

(measure=3 and 4), indicating that the intervention provided was successful in improving 

their pedagogical skills. Many people from the experimental group are at higher levels 

compared to the control group, indicating that the intervention implemented was 

effective in improving the pedagogical skills of prospective Physics teachers. The 

distribution of items also shows that there are several items that remain difficult for most 

people, but overall, people in the experimental group show better abilities compared to 

the control group. 

From this analysis, it can be concluded that the intervention applied to the 

experimental group succeeded in improving the pedagogical skills of prospective Physics 

teachers significantly better than the control group [34]. The Wright Map provides a clear 

visualization of the distribution of ability and difficulty of items, assisting in understanding 

the effectiveness of the implemented intervention. This emphasizes the importance of 

structured and evidence-based training programs in improving the pedagogical quality of 

prospective Physics teachers [35]. 



 

7.2. Discussion 

7.2.1. Professional Skills of Prospective Physics Teachers 

Professional skills for prospective Physics teachers are an integral aspect in their 

preparation to face teaching assignments in the world of education. These skills include 

various competencies that are not only limited to mastering academic material, but also 

the ability to adapt to the work environment, interact with students, and manage the class 

effectively [36], [37]. A prospective Physics teacher who has strong professional skills can 

implement innovative teaching strategies, apply fair and objective assessments of student 

achievement, and build good relationships with all relevant parties in the educational 

context [38], [39]. 

The importance of the professional skills of prospective Physics teachers is also 

reflected in their ability to continue learning and developing themselves, either through 

additional training, workshops or independent study. This supports their ability to 

integrate the latest developments in education into their teaching practice so that it can 

improve the overall quality of students' learning experiences [5], [40]. The evaluation 

aspect of professional skills often involves the use of measurement tools such as validity 

and reliability tests, as well as competency mapping to assess the extent to which a 

prospective Physics teacher has achieved the standards set in their field [41]. 

Academically, the professional skills of prospective Physics teachers can be 

measured through various indicators, such as test results, assessments by fellow 

professionals, and the ability to plan and implement effective learning strategies [42]. 

Developing these skills also plays an important role in creating an inclusive learning 

environment and encouraging balanced intellectual and emotional growth of students. 

 

7.2.2. Pedagocial Skills of Prospective Physics Teachers 

The pedagogical skills of prospective Physics teachers are the main foundation in 

their ability to convey subject matter in a way that arouses interest and facilitates 

students’ understanding [43]. The main aspects of pedagogical skills include the ability to 

design a curriculum that is relevant and in accordance with educational standards, 

choosing appropriate teaching methods to accommodate students' diverse learning 

styles, and utilizing educational technology and other resources effectively in the learning 

process [44]. 

Academically, evaluation of pedagogical skills often involves direct classroom 

observations, analysis of teaching plans, and portfolio assessments that reflect success in 

achieving learning goals [49]. By building strong pedagogical skills, prospective Physics 

teachers can become effective agents of change in advancing the quality of education in 



their communities, as well as preparing future generations with relevant knowledge and 

skills to encounter global challenges [50], [51], [52]. 

Academically, evaluation of pedagogical skills often involves direct classroom 

observations, analysis of teaching plans, and portfolio assessments that reflect success in 

achieving learning goals [49]. By building strong pedagogical skills, prospective Physics 

teachers can become effective agents of change in advancing the quality of education in 

their communities, as well as preparing future generations with relevant knowledge and 

skills to encounter global challenges [50], [53], [54]. 

 

 

8. CONCLUSION  
The results showed a significant difference in the pre-test and post-test between 

the two groups, indicating the effectiveness of the intervention in improving the quality 

of teaching preparation of prospective Physics teachers. Wright's map analysis of 

pedagogical skills showed that the experimental group showed a more regular and 

significant increase compared to the control group, indicating that the intervention 

program was able to provide a positive and consistent impact on the development of 

teaching skills. Further research is recommended to conduct ongoing evaluations to 

monitor and evaluate the effectiveness of this program in order to continue to make 

necessary improvements in an effort to improve the quality of teaching. The number of 

research subjects that are not yet representative of all of Indonesia is also the basis for 

providing recommendations for further research, which seeks to examine the success of 

the program in a national context. Overall, this study provides a valuable contribution to 

our understanding of how to prepare prospective Physics teachers who are competent 

and ready to face the demands of the future in an increasingly complex and dynamic world 

of education. 
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 This study evaluates the effectiveness of a targeted intervention designed to 
enhance the professional and pedagogical skills of prospective Physics 
teachers, addressing a key gap in teacher education. The research involved 
an experimental group receiving the intervention and a control group that 
did not. To rigorously assess the impact, Mann-Whitney and Wilcoxon's 
statistical tests were used to compare pre-test and post-test outcomes, 
alongside Wright map analysis to visualize skill development. The results 
revealed a significant improvement in the professional and pedagogical 
competencies of the experimental group compared to the control group, as 
indicated by Mann-Whitney test values (U=1274.500, p < 0.05 and 
U=421.500, p < 0.05). The Wright map analysis further demonstrated that 
the experimental group experienced more consistent and substantial gains 
in pedagogical skills. This study contributes by demonstrating the 
effectiveness of interventions in improving the skills of prospective Physics 
teachers, offering educational policy recommendations, and filling important 
gaps in the literature. Moreover, it emphasizes the critical role of ongoing 
evaluation in the continuous development of teacher training programs. By 
addressing these areas, this research not only fills a crucial gap in the existing 
body of work but also provides valuable insights that can inform the design 
and implementation of more effective teacher training strategies moving 
forward.  
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9. INTRODUCTION 
In Indonesia, teacher professional development still faces various challenges, 

including limited access to quality training, lack of incentives and adequate facilities. 

Teacher professional development in Indonesia often focuses on improving pedagogical, 

personality, professional, and social competencies [1], [2], [3]. In contrast, in developed 

countries such as Finland, Singapore, and the United States, teacher professional 

development is carried out systematically and continuously [4], [5], [6]. Singapore also 

has a strong mentoring system where junior teachers receive guidance from experienced 

senior teachers [7]. Many schools in the US also provide time and resources for teachers 

to participate in professional development, including teacher-to-teacher collaboration 

and school-based development [8], [9].  

Although efforts to improve teacher competency in Indonesia exist, significant 

improvements are still needed regarding accessibility, continuity, and adequate support. 

Experiences from developed countries show that sustainable investment in teacher 

professional development is very important to achieve high-quality education and can be 

an inspiration for improving the system in Indonesia [10]. A teacher's pedagogical and 

professional competence is the main foundation in the world of education [11]. 

Pedagogical competence includes the teacher's ability to design, implement, and evaluate 

learning processes that are adaptive and responsive to student needs [12]. Professional 

competence includes in-depth knowledge of subject matter, professional ethics, and the 

ability to innovate in teaching [13]. Without this competency, a teacher will have difficulty 

conveying material effectively, facilitating constructive discussions, and cultivating critical 

skills in students. 

Physics teacher professional education in Indonesia currently faces major 

challenges in improving teachers' pedagogical and professional competence. Recent 

studies show that many physics teachers in Indonesia still lack mastery of innovative and 

technology-based learning methods, as well as the ability to integrate physics concepts 

with everyday life [14]. In addition, ever-changing education policies add complexity for 

teachers in adapting to dynamic national curriculum standards [15]. Although teacher 

professional education programs have been running, the lack of ongoing training and 

periodic performance evaluations has slowed down the improvement of teaching quality 
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[16]. On the other hand, improving professional competence, especially in the use of 

laboratories and digital learning tools, is an urgent need to support more effective physics 

learning in this digital era [17]. Therefore, a comprehensive reform of the teacher 

professional curriculum is needed as well as more targeted infrastructure and training 

improvements. 

If a teacher's pedagogical and professional competence is lacking, serious 

challenges can arise. Students may experience difficulties in understanding lesson 

material, which leads to low learning outcomes and motivation [18], [19]. Therefore, 

improving teachers' pedagogical and professional competence is very important to ensure 

high-quality education and optimal student academic achievement [20]. The novelty of 

this research lies in the evaluative approach used to assess the effectiveness of teacher 

pedagogical and professional competency development programs. This research 

compares the achievements of pedagogical and professional competencies between 

prospective teachers who have participated in the professional teacher education 

program for the field of physics with classes who have not participated in the program 

[21]. This research is expected to provide a clear picture of the impact of increasing 

teacher competency on the transformation of education in Indonesia. It is also expected 

that the results of this research can become a basis for policymakers in designing more 

effective and sustainable teacher professional development strategies. 

 

 

10. METHOD  
This research methodology uses a quantitative approach to evaluate the 

effectiveness of the pedagogical competency and professional competency development 

program for prospective Physics teachers. This research involved two groups, namely the 

experimental (n= 120) and control groups (n= 120). The experimental group consisted of 

prospective Physics teachers from two educational institutions for educational staff 

(LTPK) providing PPG for the field of Physics Education, who had participated in a 

competency development program, while the control group consisted of prospective 

physics teachers who had not participated in the program from the same two LPTKs as 

the experimental class. The involvement of control and experimental groups and random 

group division aims to increase the internal validity of the experimental results. 

Data collection was carried out through pretest and posttest to measure the 

pedagogical and professional skills of prospective teachers. This test is carried out before 

and after the implementation of the competency development program. Data collection 

tools in this research are pedagogical and professional tests, each consisting of 45 

question items. The instrument has validity and reliability, so it has a reliable ability to 

measure the intended competency. The validity of the pedagogical test is in the range of 



0.321-0.651 and the professional test is in the range of 0.351-0.541. While the reliability 

of the pedagogical test is 0.931 and the professional test is 0.891, both are included in the 

very good category. 

The Mann-Whitney test is used to determine whether significant differences exist 

between two independent groups, namely the experimental and control groups [22]. 

Meanwhile, the Wilcoxon test is used to test changes in two paired sets of data, namely 

pretest and posttest scores in groups, to see whether there is a significant increase in 

teachers' pedagogical and professional skills after participating in the development 

program [23], [24]. After carrying out the Mann-Whitney test and Wilcoxon test, the 

teacher's abilities in the pretest and posttest were visualized using the Wright map [24]. 

The Wright map allows a clear visualization of the increase in teachers' pedagogical and 

professional competence after participating in the development program [25]. 

11. RESULTS AND DISCUSSION  
3.1.  RESULTS 

Professional skills and pedagogical skills are two critical aspects of the teaching 

profession that play an important role in improving the quality of education [26]. 

Professional skills include in-depth knowledge of subject matter, the ability to design 

relevant and engaging learning, and skills in using technology and other supporting 

resources [27]. Teachers who have good professional skills are able to deliver material 

comprehensively and inspire students to learn independently. Table 1 visualizes the 

results of the identification of professional skills and pedagogical skills. 

 

Table 11. Fit statistics of Professional Skills and Pedagogical Skills 

 Professional Skills Pedagogical Skills 

 Item Person Item Person 

Mean 0.00 0.36 0.00 0.82 

Measure -1.89 - 1.61 -1.62 - 3.23 -2.73 - 1.20 -1.09 - 3.96 

SD 0.69 0.97 0.68 0.88 

Mean Outfit MnSq 1.02 -0.04 1.00 0.21 

Mean Outfit ZStd 0.06 1.02 -0.11 0.92 

Separation 4.42 3.07 4.17 2.10 

Reliability  0.95 0.90 0.95 0.81 

Cronbach alpha 0.91 0.81 

 

The results of the statistical fit test of professional skills and pedagogical skills in 

Table 1 show high quality based on the results of the analysis of various statistical 

indicators. The average (mean) for items and persons is 0.00 and 0.36 respectively, 

reflecting a balanced distribution of values between the abilities measured. The range of 

measures for items ranges from -1.89 to 1.61, while for persons is from -1.62 to 3.23, 

indicating that this instrument is able to measure variations in abilities with a wide scope. 



The standard deviation for items is 0.69 and for persons is 0.97 indicating relatively 

consistent variations in the level of expertise measured. The Mean Outfit MnSq index for 

items is 1.02 and for persons is -0.04, and the Mean Outfit ZStd for items is 0.06 and for 

persons is 1.02, indicating that the data from this instrument is in accordance with the 

expected model and does not show any significant deviations. The Separation values for 

items and persons are 4.42 and 3.07, indicating the ability of this instrument to 

differentiate well among different levels of ability. The high level of reliability is also 

proven by the Cronbach alpha value of 0.91 for items and 0.90 for persons, confirming 

that this instrument is consistent in measuring the professional skills of prospective 

Physics teachers accurately. 

The instrument for measuring the pedagogical skills of prospective Physics 

teachers also show good quality based on the results of statistical analysis. The average 

(mean) for items and persons is 0.00 and 0.82 respectively, indicating a balanced 

distribution of values with a positive tendency in the abilities measured. The range of 

measures for items ranges from -2.73 to 1.20, while for persons ranges from -1.09 to 3.96, 

indicating that this instrument can measure a wide range of abilities. The standard 

deviation of items is 0.68 and for persons is 0.88 indicating consistent variation in the level 

of expertise measured. The Mean Outfit MnSq index for items is 1.00 and for persons are 

0.21, and the Mean Outfit ZStd for items is -0.11 and for persons is 0.92, indicating that 

the data from this instrument is in accordance with the expected model and does not 

show any significant deviations. The high separation for items of 4.17 and for persons of 

2.10 indicates the ability of this instrument to differentiate well between various levels of 

pedagogical ability. A good level of reliability is also seen from the Cronbach alpha value 

of 0.81 for items and 0.81 for persons, indicating that this instrument can be relied on to 

measure the pedagogical skills of prospective Physics teachers accurately and 

consistently. 

 

11.1.1.   Differences on Professional Skills Abilities of Prospective Physics Teachers 

To evaluate the effectiveness of the pedagogical and professional competence 

development program for teachers, statistical analysis was conducted on the pre-test and 

post-test data from prospective Physics teachers in the experimental and control groups 

[28]. This analysis aims to identify significant differences in skill improvement after the 

intervention of competence development program. The Mann-Whitney test was used to 

compare the distribution of scores between two unpaired groups, namely the 

experimental and control groups, both before (pre-test) and after (post-test) the 

intervention [29]. The Wilcoxon test was applied to evaluate changes in pre-test and post-

test scores within each group, to ensure that the skill improvement was significant [30]. 

The results of this statistical analysis provide important insights regarding the impact of 



the competence development program on improving the professional skills of prospective 

Physics teachers. The results of this analysis are illustrated in Table 2 and Table 3. 

 

Table 12. Mann-Whitney U Test Results on Professional Skills in Experimental and Control 

Groups (p < 0.05) 

Test Experimental Group Control Group U p 

Pre-test -0.17 (-1.52 – 0.90) -0.40 (-1.62 – 0.90) 1347.500 0.017 

Post-test 1.65 (0.59 – 3.23) 0.36 (-0.74 – 1.62) 183.500 0.000 

 

Table 13. Wilcoxon Test Results on Professional Skills in Experimental and Control Groups 

(P < 0.05) 

Group Pre-test Post-test Z p 

Experimental -0.17 (-1.52 – 0.90) 1.65 (0.59 – 3.23) -6.736 0.000 

Control -0.40 (-1.62 – 0.90) 0.36 (-0.74 – 1.62) -6.435 0.000 

 

The results of statistical analysis using the Mann-Whitney test illustrated in Table 

2 show that there is a statistically significant difference in the pre-test and post-test 

results between the prospective Physics teachers in the experimental group and the 

control group. In the pre-test results, the U value = 1347.500 with a significance level of p 

<0.05, indicating that before the intervention there was a significant difference between 

the two groups. After the intervention, the post-test results show a U value = 183.500 

with a significance level of p <0.05, indicating that the intervention carried out has a 

significant impact on improving the professional skills of prospective Physics teachers in 

the experimental group compared to the control group. 

Analysis using the Wilcoxon test illustrated in Table 3 strengthens this finding. The 

Wilcoxon test shows that there is a significant difference between the pre-test and post-

test results in both groups. In the experimental group, the Z value obtained is -6.736 with 

a significance level of p < 0.05, while in the control group, the Z value is -6.435 with the 

same significance level. This indicates that there is a significant increase in the 

professional skills of prospective Physics teachers after the intervention, either in the 

experimental or control groups. 

However, the higher significant difference in the experimental group compared 

to the control group indicates that the implemented competency development program 

is more effective in improving the professional skills of prospective Physics teachers. The 

professional skills of prospective Physics teachers in the experimental group improved 

better compared to the control group after the intervention was carried out. This confirms 

that the intervention of competency development program has a greater positive impact 

on prospective Physics teachers who are involved in the program compared to those who 

do not participate in the program. This finding supports the importance of ongoing 



competency development programs as efforts to improve the quality of teaching and 

teacher professionalism. 

 

 

3.1.2.  Professional Skills of Prospective Physiscs Teachers Based on Control and 

Experimental Class 

The step in evaluating the effectiveness of the professional skills development 

program for prospective Physics teachers was conducted by carrying out an in-depth 

analysis of the pretest and posttest data. One of the tools used for visualization and 

analysis of this data is the Wright map, which allows mapping the skills of prospective 

Physics teachers before and after the intervention [21]. The Wright map provides a clear 

picture of the distribution of abilities held by the prospective Physics teachers in the 

control group and the experimental group. By mapping the pretest and posttest results of 

the two groups, we can identify significant differences in the professional skill attainment. 

This analysis not only helps understand the distribution of abilities but also highlights the 

changes that occur as a result of the intervention; providing a more comprehensive insight 

related to the effectiveness of the training program that has been implemented [31]. The 

analysis on the professional skills of prospective Physics teachers in the control group and 

experimental group is illustrated in Figure 1 and Figure 2. 
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Figure 5. Wright Map of Pretest and Posttest on Professional Skills of Prospective Physics 

teachers in the Control Group 

 

The Wright map for the control group (Figure 1) shows the distribution of pretest 

and posttest scores for the professional skills of prospective Physics teachers. On this map, 

it can be seen that items and people are spread over a fairly wide range. Most of the 

values are around the average with some items and persons being less or more frequent 

than that value. For example, the item with the highest measure is 24COY, indicating that 

only a few prospective Physics teachers having very high professional skills before the 

intervention. In contrast, there are many people with measure values between -1 and 0, 

indicating lower or moderate professional skills before the intervention. This distribution 

shows significant variation in ability among prospective Physics teachers in the control 

group. 

After the intervention, the person's score is seen to shift significantly towards 

higher values, although there are still people who are at the low level. This shows that 

although there has been an increase in professional skills after the intervention, there are 

still some prospective Physics teachers who have not achieved the expected increase in 

skills. However, in general, this increase shows that the intervention has a positive impact 

even though it is not evenly distributed across all people. 
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Figure 6. Wright Map of Pretest and Posttest on Professional Skills of Prospective Physics 

teachers in the Experimental Group 

 

The Wright map for the experimental group shows a more striking difference 

between the pretest and posttest compared to the control group. In the experimental 

group, item and person measures are also spread over a wide range, but there is a higher 

concentration of higher measure values after the intervention. This shows that more 

prospective Physics teachers in the experimental group show significant improvement in 

professional skills [32]. 

In the pretest, there are people with the highest measures such as 11EOY, 

indicating high professional skills before the intervention. However, after the 

intervention, the measure values for many individuals increase significantly, with some 

individuals achieving higher measure values than before the intervention, such as 29EOX 

and 30EOY. This shows that the competency development program applied to the 

experimental group is more effective in improving the professional skills of prospective 

Physics teachers compared to the control group [33]. 



This Wright map indicates that the intervention carried out in the experimental 

group succeeded in improving professional skills significantly better than the control 

group. The distribution of higher scores and higher person concentration on measures 

after the intervention in the experimental group shows the effectiveness of the 

competency development program implemented. The significant difference in the score 

distribution of these two groups confirms that the approach applied in the experimental 

group was more successful in improving the professional skills of prospective Physics 

teachers. 

 

3.1.3. Differences on the Pedagogical Skills of Prospective Physics Teachers 

To understand the effectiveness of the intervention in improving the pedagogical 

skills of prospective Physics teachers, statistical analysis was carried out using two non-

parametric tests: the Mann-Whitney test and the Wilcoxon test. The Mann-Whitney test 

was used to compare distribution differences between two independent groups, namely 

the experimental group that received the intervention and the control group that did not 

receive the intervention [34]. This test helps determine whether there are any significant 

differences in pedagogical skills between the two groups. On the other hand, the 

Wilcoxon test was used to assess changes in the same group within two measurement 

times, namely before and after the intervention [35]. This analysis provides a more 

comprehensive picture on the impact of the intervention on the development of the 

pedagogical skills of prospective Physics teachers. The results of the statistical analysis of 

the two tests are illustrated in Table 4 and Table 5. 

 

Table 14.  Mann-Whitney U Test Results on Professional Skills of the Experimental 

and Control Group (p < 0.05) 

Test Experimental Group Control Group U p 

Pre-test 0.64 (-0.72–1.68) 0.31 (-1.27–1.14) 1274.500 0.006 

Post-test 1.90 (0.27–4.16) 0.48 (-1.29–2.12) 421.500 0.000 

 

Table 15. Wilcoxon Test Results on Professional Skills of the Experimental and 

Control Group (p < 0.05) 

Group Pre-test Post-test Z p 

Experimental 0.64 (-0.72–1.68) 1.90 (0.27–4.16) -6.729 0.000 

Control 0.31 (-1.27–1.14) 0.48 (-1.29–2.12) -2.721 0.006 

 

 

The results of the Mann-Whitney test (Table 4) show that there is a statistically 

significant difference in the results of the pre-test (U=1274.500, p < 0.05) and post-test 



(U=421.500, p < 0.05) among the prospective Physics teacher in both experimental and 

control groups. The Mann-Whitney test is a non-parametric statistical method used to 

compare two independent groups. In this context, the experimental group received a 

specific intervention, while the control group received no intervention. The significant 

results in this test indicate that the intervention given to the experimental group had a 

real effect on improving pedagogical skills compared to the control group. 

The Wilcoxon test results (Table 5) strengthen these findings by showing that 

there is a significant difference between the pre-test and post-test results of prospective 

Physics teachers both in the experimental group (Z=-6.729, p < 0.05) and in the control 

group (Z =-2.721, p < 0.05). The Wilcoxon test, which is also a non-parametric statistical 

method, is used to compare two sets of paired data, namely pre-test and post-test results 

from the same individual. These results indicate that there was a significant increase in 

pedagogical skills after the intervention in both groups, although the increase in the 

experimental group was higher compared to the control group. 

Overall, these findings indicate that the pedagogical skills of prospective Physics 

teachers improved after the intervention. However, the improvement was greater in the 

experimental group compared to the control group, indicating the effectiveness of the 

intervention implemented. The higher pedagogical skills in the experimental group 

compared to the control group after the intervention indicate that the training program 

or method applied was successful in significantly increasing the pedagogical competence 

of prospective Physics teachers. This emphasizes the importance of developing a 

structured and sustainable training program to improve the quality of teaching and 

professionalism of prospective Physics teachers [36]. Through appropriate and evidence-

based approaches, the development of pedagogical skills can have a significant positive 

impact on improving the overall quality of education [37]. 

 

3.1.4. Pedagogical Skills of Prospective Physics Teachers Based on Control Class and 

Experimental Class 

This mapping of prospective Physics teachers’ pedagogical skills provides a visual 

depiction of the distribution of test takers' abilities and the difficulty of the test items, 

making it easier to identify differences in abilities before and after the intervention. 

Wright Map analysis was carried out on pretest and posttest data on the pedagogical skills 

of prospective Physics teachers for two groups, namely the control group and the 

experimental group. Understanding the results of this mapping is very important to assess 

the effectiveness of the interventions that have been implemented. The following is a 

detailed analysis of the Wright Map pretest and posttest pedagogical skills of prospective 

Physics teachers in the control group and experimental group, which provides insight into 

improvements or changes in pedagogical abilities after the intervention was carried out. 



Analysis of the pedagogical skills of prospective Physics teachers in the control group and 

experimental group is illustrated in Figure 3 and Figure 4. 
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Figure 3. Wright Map of Pretest and Posttest Pedagogical Skills of Prospective Physics 

Teachers in the Control Group 
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Figure 4. Wright Map of Pretest and Posttest Professional Skills of Prospective Physics 

Teachers in the Experimental Group 

 

Wright Map analysis for pretest and posttest pedagogical skills of prospective 

Physics teachers in the control group and experimental group provides an in-depth picture 

of the distribution of ability and difficulty of items. In the Wright Map of the control group, 

it can be seen that the distribution of persons and items shows that the majority of 

prospective Physics teachers have varied pedagogical skills with some items being more 

difficult than others. Persons with codes such as 02COY, 01COY, and 05COY are in higher 

positions, indicating better pedagogical skills, while other persons are spread along the 

scale with the majority being around the middle of the scale (measure=1), indicating 

moderate variation in pedagogical abilities . This distribution indicates that there are 

differences in pedagogical abilities among the prospective Physics teachers in the control 

group, with some items indicating significant challenges for them. 

In contrast, in the Wright Map experimental group, the distribution of persons 

and items show a more significant increase in pedagogical skills after the intervention. 

Persons with codes such as 17EOY, 18EOY, 17EOX, and 18EOX are at higher measures 

(measure=3 and 4), indicating that the intervention provided was successful in improving 

their pedagogical skills. Many people from the experimental group are at higher levels 

compared to the control group, indicating that the intervention implemented was 

effective in improving the pedagogical skills of prospective Physics teachers. The 

distribution of items also shows that there are several items that remain difficult for most 

people, but overall, people in the experimental group show better abilities compared to 

the control group. 

From this analysis, it can be concluded that the intervention applied to the 

experimental group succeeded in improving the pedagogical skills of prospective Physics 

teachers significantly better than the control group [38]. The Wright Map provides a clear 

visualization of the distribution of ability and difficulty of items, assisting in understanding 

the effectiveness of the implemented intervention. This emphasizes the importance of 

structured and evidence-based training programs in improving the pedagogical quality of 

prospective Physics teachers [39]. 



 

11.2. Discussion 

11.2.1. Professional Skills of Prospective Physics Teachers 

Professional skills for prospective Physics teachers are an integral aspect in their 

preparation to face teaching assignments in the world of education. These skills include 

various competencies that are not only limited to mastering academic material, but also 

the ability to adapt to the work environment, interact with students, and manage the class 

effectively [40], [41]. A prospective Physics teacher who has strong professional skills can 

implement innovative teaching strategies, apply fair and objective assessments of student 

achievement, and build good relationships with all relevant parties in the educational 

context [42], [43]. 

The importance of the professional skills of prospective Physics teachers is also 

reflected in their ability to continue learning and developing themselves, either through 

additional training, workshops or independent study. This supports their ability to 

integrate the latest developments in education into their teaching practice so that it can 

improve the overall quality of students' learning experiences [5], [44]. The evaluation 

aspect of professional skills often involves the use of measurement tools such as validity 

and reliability tests, as well as competency mapping to assess the extent to which a 

prospective Physics teacher has achieved the standards set in their field [45]. 

Academically, the professional skills of prospective Physics teachers can be 

measured through various indicators, such as test results, assessments by fellow 

professionals, and the ability to plan and implement effective learning strategies [46]. 

Developing these skills also plays an important role in creating an inclusive learning 

environment and encouraging balanced intellectual and emotional growth of students. 

 

11.2.2. Pedagocial Skills of Prospective Physics Teachers 

The pedagogical skills of prospective Physics teachers are the main foundation in 

their ability to convey subject matter in a way that arouses interest and facilitates 

students’ understanding [47]. The main aspects of pedagogical skills include the ability to 

design a curriculum that is relevant and in accordance with educational standards, 

choosing appropriate teaching methods to accommodate students' diverse learning 

styles, and utilizing educational technology and other resources effectively in the learning 

process [48]. 

Academically, evaluation of pedagogical skills often involves direct classroom 

observations, analysis of teaching plans, and portfolio assessments that reflect success in 

achieving learning goals [49]. By building strong pedagogical skills, prospective Physics 

teachers can become effective agents of change in advancing the quality of education in 



their communities, as well as preparing future generations with relevant knowledge and 

skills to encounter global challenges [50], [51], [52]. 

Academically, evaluation of pedagogical skills often involves direct classroom 

observations, analysis of teaching plans, and portfolio assessments that reflect success in 

achieving learning goals [53], [54], [55]. By building strong pedagogical skills, prospective 

Physics teachers can become effective agents of change in advancing the quality of 

education in their communities, as well as preparing future generations with relevant 

knowledge and skills to encounter global challenges [56], [57], [58]. 

 

 

12. CONCLUSION  
This study found a significant difference between the pre-test and post-test 

results of both groups, indicating the effectiveness of the intervention in improving the 

quality of teaching preparation of prospective Physics teachers. Wright's map analysis of 

pedagogical skills revealed that the experimental group experienced a more regular and 

significant increase than the control group, indicating that the intervention program had 

a positive and consistent impact on the development of teaching skills. This study 

contributes to the literature on the development of prospective Physics teachers by 

showing that a specifically designed intervention program can significantly improve 

pedagogical skills. Another important contribution is the use of Wright's map analysis, 

which is rarely applied in the context of educational research in Indonesia, as a tool to 

evaluate the development of teaching skills in more depth. 

Based on these findings, it is recommended that educational practitioners 

consider implementing similar intervention programs to improve the quality of teacher 

preparation in various regions. This program can be a model in developing pedagogical 

skills for prospective Physics teachers in Indonesia. In addition, practitioners are also 

advised to continuously evaluate the effectiveness of this program so that adaptations 

and improvements can be made according to local needs and evolving global challenges. 

Further research is needed to evaluate the success of the program on a national scale, 

considering the limited number of research subjects and not yet representing all regions 

in Indonesia. Thus, this study not only provides new insights into improving teaching 

quality, but also encourages further discussion regarding the implementation of broader 

intervention programs. 
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