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This study aimed to find out how science teachers use formative assessment to enhance children's learning. Data were collected through observing 45 male and female teachers in the classroom using an observation checklist based on international standards to assess teachers' practices in some aspects, such as planning the learning objectives, gathering evidence from activities, providing feedback, self-assessment, peer assessment, and promoting classroom collaboration. The results revealed that teachers' performance in applying formative assessment practices was at a low level across all criteria, as there were weaknesses in planning learning objectives and aligning them with lesson content, as well as a lack of effective use of educational activities to assess student progress. The feedback provided by teachers was insufficient to motivate students to improve their performance, and classroom interaction was limited. Furthermore, there was a lack of opportunities for students to assess themselves and their peers, indicating weaknesses in organizing self-assessment activities. In addition, there were no statistically significant differences in teachers' formative assessment practices based on gender and teaching experience, highlighting the importance of professional development for all teachers to enhance their teaching practices. These results suggest a significant need to improve teachers' skills in applying formative assessment and providing appropriate training.
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1 Introduction

Teachers are one of the most important pillars in student's learning, and modern strategies place great emphasis on improving their skills to enhance students' academic performance, especially science teachers (AlAli and Al-Barakat, 2024; Bani Irshid et al., 2023; Bataineh et al., 2013). Having teachers use the right techniques to measure their students' progress is vital for productive learning activities, and while all these initiatives to transform science education are globally undertaken, attention is increasingly being given to the implementation of new methods of measurement in teaching and learning activities (Darling-Hammond et al., 2019; Dayal, 2021; Duraiappah et al., 2021). These new methods help create better climates for learning and make students more accountable for their own learning, which ultimately places less strain on teachers. Well-developed measurement techniques are functional and simple to apply, which is a precondition to improve learners' achievement (Al-Hassan et al., 2025; Black, 2014; Hawamdeh et al., 2025; Kim et al., 2019).

In coherence with the international perspective of scientific education, learning effectiveness depends greatly upon the way students are assessed. Thus, students need to master listed knowledge and skills of the science curriculum (Alonzo, 2018; Majeed et al., 2023). Among the many used forms of assessment, formative assessment is particularly significant as it enables the improvement of both teaching and learning by way of ongoing feedback. This is in contrast with summative assessments, which seek to compare and assess overall student competency at the end of a unit or course and are rather concerned with practitioners' feedback on students' in-depth knowledge mastery (Al-Hassan et al., 2025; Chand and Pillay, 2024; Stanja et al., 2023).

Summative assessments mostly deal with evaluative results, which provide a useful, but rather limited, picture of how skills can be further improved. This style of assessing does not aim at changing the curriculum, pedagogy or any subsequent educational activities (Majeed et al., 2023). On the other hand, formative assessment gives the best opportunity for teachers to change the measure of planning and instruction that was previously done to improve effectiveness. Formative assessment will be more useful in achieving respect for students as part of academic achievement (Stanja et al., 2023; Wondim, 2025).

Formative assessment has enhanced student participation since it provides distinct and practical feedback to learners about their performance while specifying areas and aspects that need improvement. It indeed creates constructive dialogue within the teacher-student relationship. Besides, it helps the teachers modify the support and instruction they give in class to fit the needs of the student. Moreover, it provides feedback in real time to address the student's shortcomings before they become a problem, thereby promoting a viable environment for learning (Al-Barakat et al., 2025a; Bataineh et al., 2017; Black and Wiliam, 2009).

Traditionally, educators assume that formative assessments only gather information about the learning process rather than doing something with the information. It is employed purposefully to manage changes in instruction and give students support in all aspects of their learning (Al-Halalat et al., 2024; Fraihat et al., 2022; Guhn et al., 2024; Khasawneh et al., 2022; Kulasegaram and Rangachari, 2018). Furthermore, Black and Wiliam (2009) explain a particular example in which the educator uses results from an assessment to change a practice while concentrating on the progression of a particular child and other children in the classroom. The assessment in this instance did not change the pedagogical actions or ways of supporting the learners, thus negating its relevance to formative assessment and making it purely evaluative (Al-Barakat et al., 2025b; Al-Hassan et al., 2022).

While learning any science subject, a formative assessment plays an important role in the achievement of any learning goal. It helps the teacher know and work on the student's strength and weaknesses and achieve better academic results. For formative assessment to be properly carried out, it is important to adhere to specific standards that offer guidance to teachers regarding improving their practices and focusing on the improvement of the learning outcomes of the students (Al-Barakat and Al-Hassan, 2009; Menéndez et al., 2019). These standards, which underpin teacher development, explain why formative assessment strategies work, and enhance educational outcomes in general. Likewise, Schildkamp et al. (2020) elaborate on these standards, saying that formative assessment, if implemented correctly in the teaching-learning process, can result in better learning as the student's educational needs are always emphasized and sought before, during and after the teaching learning process. Therefore, such adjustments need continuous feedback that lets teachers reflect on their teaching approach to provide more assistance to their students.

Conderman et al. (2020) remark that it is common to find reform movements in science education which recommend the use of integrated standards to improve teacher effectiveness in primary education, paying particular attention to formative assessment of student learning. To fulfill these criteria, teachers are expected to gain skills in providing regular and varied feedback, and engaging students with the feedback provided to achieve high-quality learning results (Al-Barakat et al., 2025a). There are generic international standards of quality in formative assessment that support the application of multiplicity of assessments to improve learning of science (AlAli and Al-Barakat, 2023a; Bataineh and Mayyas, 2017; Khasawneh et al., 2023; Stanja et al., 2023). Methods of teaching and learning incorporated in these systems are targeted at students and focus on effective assessment as an essential factor for desirable learning outcomes. These assessment forms are required to measure the ability acquired by the students to apply the concepts learned in real-life situations while being able to think critically (Huang et al., 2023; Adarkwah, 2021; Ajjawi et al., 2019).

To engage students with their learning through continuous assessment, teachers need to change their pedagogical strategies and focus on achieving the intended science learning outcomes rather than evaluating or measuring learning (AlAli et al., 2024; Al-Hassan et al., 2012; Huang et al., 2023; Schildkamp et al., 2020). This interaction is in line with Ozan and Kincal (2018) who reported that formative assessment is a two-way process that improves the learning experience for both students and teachers. As teaching practices change, there is a greater need for adapting these practices to align to the increasing prominence of formative assessment which serves the purpose of educational accountability. This notion is called assessment driven accountability (Adarkwah, 2021; Al-Barakat and Bataineh, 2011).

Learning and assessment are inseparable, as they enhance one another's effectiveness (Ajjawi et al., 2019). Therefore, effective assessment methods must be interactive, formative collaborative, aiming at improving students' understanding, skills, and attitudes in various areas of cognition (AlAli, 2021; Meng, 2023). Adarkwah (2021) emphasized that assessment refers to all actions undertaken by the teacher to evaluate the level of students' learning, including self-assessment, as the feedback and information contribute to enhancing the teaching and learning process. Assessment methods include various collecting strategies that determine what teachers should teach and what learners should learn. This determination requires the use of varied methods to legitimately address educational challenges. Additionally, assessments should be closely aligned with curricula to provide students with real-life application opportunities for scientific knowledge (AlAli and Al-Barakat, 2022; Hattie and Yates, 2014).

Teacher's professional identity plays a role in implementing the formative assessment, as it influences how formative assessment activities are conducted and how the classroom is arranged (Almazroa et al., 2022; Majeed et al., 2023). Teachers with a strong sense of professional identity, who consider themselves as facilitators of knowledge, tend to create more engaging and motivating learning environments where students actively participate. Such teachers are most likely to accept inclusive pedagogical methods geared toward equity and diversity while focusing on the prerequisite learning needs of the students. When teachers use formative assessment as an iterative and observational tool, they are able to give feedback tailored to specific students and consequently enhance their learning progress and academic development (AlAli and Al-Barakat, 2023b; Ambusaidi and Al-Farei, 2017).

Teacher's gender also plays a role in influencing formative assessment practices. As noted by Almazroa et al. (2022), there are gender concerns related to the teaching of science and mathematics due to the perspective that considers these fields of knowledge suitable for males more than females. Gender identity may determine the level of participation of students in formative assessment as they may be more willing to take part in assessments when their teachers are of the same gender. In addition, gender biases can result in stereotyping and misinterpretation of the assessments which may negatively or positively influence students' achievement. Accordingly, teachers of scientific disciplines, especially science teachers, need to pay more attention to professional identity and gender as these social constructs influence the forms and practices of their formative assessment (Ambusaidi and Al-Farei, 2017).

Formative assessment is known to provide substantial value in improving learning outcomes, This research aims at exploring the level of implementing formative assessment by science teachers at the primary school level in Jordan, in addition to exploring the effect of gender and teaching experience on the implementation of formative assessment. The importance of this research lies in providing deeper understanding of the role of formative assessment in teaching and learning science and how teachers' related practices affect children's learning. Besides, the research aims at putting down some recommendations to the Ministry of Education to enhance teacher training and improve formative assessment practices in schools. It also aims at developing formative assessment strategies that align with the educational context in Jordan and ultimately and improving the quality of education and learning in schools. Accordingly, the research raises the following questions:

1. What is the level of implementing formative assessment practices by science teachers to improve children's science learning?

2. Are there statistically significant differences at (p ≤ 0.05) in the formative assessment practices related to the teacher's gender and teaching experience?



2 Materials and methods


2.1 Research design

A descriptive-analytical methodology was used for this research, and the primary method of data collection was via forms of direct observation. The observation instrument was created to measure how science teachers use formative assessment strategies in the classroom and the effectiveness of such strategies across different teacher variables like gender and teaching experience. This observation method was done from various learning environments in which the focus was on capturing the formative assessment practices that teachers utilized during science instruction in particular how and why these practices are employed in the routine classroom teaching strategies. This research used focus, systematic and guided observation techniques designed for the purpose of detailed analysis of teacher-student interactions and the recording of the practical workings of formative assessment in different school settings.



2.2 Research sample

The research sample consisted of 45 male and female teachers who teach the science curriculum at the childhood stage in northern Jordan. These teachers were selected based on criteria including their willingness to participate in the research, which would serve as valuable feedback for them. It is also essential to mention that the choice for the selected participants was made considering sociocultural factors, as for female teachers it is particularly the case that no researchers are permitted into any teaching or field research lessons without their written consent. This is because the traditional and cultural context of the Jordanian society places social barriers on researchers trying to penetrate the learning environment. Thus, the attitude of the teachers toward cooperating was one of the main factors in the participant selection process as it was ensured that these cultural and social concerns are addressed. The sample was also chosen according to their ability to provide adequate information through direct observation on the teaching and learning process, so that a complete and fair picture of the assessment practice of the form of assessment in different education contexts was formed.



2.3 Classroom observation checklist

A standardized classroom observation checklist that measure formative assessment practices in a science classroom was prepared. The checklist includes 30 indicators distributed over six criteria including planning learning objectives and success criteria, gathering evidence and assessment through activities, feedback and enhancing classroom interaction, self-assessment and peer assessment, promoting collaboration in the classroom, redesigning instruction based on student feedback. Teachers were evaluated based on a verbal rating scale that has four levels of performance: Beginner (1), Growing (2), Progressing (3), and Exemplary (4). The scale was applicable for describing teaching behaviors where the teacher is showing differing degrees of skill or proficiency in performing formative assessment practices.



2.4 Validity and reliability

The observation instrument was validated by 11 experts in early childhood education, measurement and assessment, and science teaching. These experts reviewed the checklist items and provided their comments and views on the suitability of the items to the criteria. Given the comments made, it was ascertained that the instrument adequately met the research's requirements. Furthermore, the researchers performed a pilot test to 20 teachers and made revisions based on their comments. McDonald's Omega, Composite Reliability (CR), convergent validity, and discriminant validity were among some of the scientific measures used to verify construct validity. The results ranged from 0.893 to 0.961 and 0.872 to 0.938, respectively. The Average Variance Extracted (AVE) values ranged from 0.514 to 0.721. Moreover, the discriminant validity of the tool was confirmed using Fornell and Larcker's method, the square root of the AVE for each construct was higher than the correlations between that construct and other constructs in the model. Based on these results, it was confirmed that the instrument is highly reliable and valid (AlAli and Al-Barakat, 2022; AlAli and Saleh, 2022).



2.5 Data collection

The data was collected by attending teaching and learning situations in science learning environments after obtaining consent from the participants and arranging classroom visits, where each visit lasted for ~45 min. During each visit observation, the focus was on evaluating the implementation of formative assessment practices across 10 established criteria. Specific behaviors were also monitored, such as whether the teacher asked timely questions, provided clear feedback, and encouraged peer collaboration. These practices were assessed according to predefined performance levels. Also, feedback from the students regarding the teacher performance, discipline in class, and classroom interactions, and the behavioral aspects of student participation during the formative assessment, like self and peer assessment, was also taken into consideration in ascertaining the effectiveness of the teacher's formative assessment. A redundancy in observations system was used to enhance the validity and reliability of the results. Every session had another observer that was responsible for checking that every other assessment was correct. Each teacher was observed in four sessions, and the assessment forms were filled by both observers for the teachers' four sessions. Each teacher's four observations were done by each of the observers, and both teachers' sets of four assessments were done by both observers. The scores given by each observer were computed.

Using relevant statistical techniques, the inter-rater reliability was verified. The “Inter-Class Correlation Coefficient” or ICC was established as a measure of how observers rated formative assessment practices. The agreement level was 97%. Also, Cohen's Kappa coefficient was used to measure the degree of agreement among observers for all the teaching-learning activities. Adjusted Cohen's Kappa is especially valuable in investigating agreement between observers because it accounts for the probability of random consensus (Walter et al., 2019). A Kappa statistic of 0.88, however, indicates a great amount of agreement on the data collection procedure.

In this lesson, teachers used a single planned lesson to cover all assessment standards and benchmarks as they are certain that all the set requirements can be achieved using this method. In a science classroom where activities and participation are interdependent, a single lesson can include a multitude of methods of formative assessment. For example, right at the beginning of the lesson, the teacher may set the learning objectives that will be attained and restated later during the lesson. The learners' success criteria are also set up in such a manner that, during the activities, reference can be made to them. While participating in these activities, the teacher may monitor student learning through responses and the student's work may be analyzed for evidence of learning progress. The teacher may include self and peer assessment along with group work as well as during activities where students contemplate what they have learned.



2.6 Data analysis

The means and standard deviations were calculated for each specific indicator associated with those criteria in the observation instrument. The maximum possible score for each indicator was 4, and the minimum was 1. The score of formative assessment practices was determined based on an arithmetic means that ranges from 1 to 4 points. When the arithmetic means is < 2, it is considered that formative assessment practices are either absent or weak. If the arithmetic means falls between 2 and 2.99, the practices are present but not fully developed or consistent. However, if the arithmetic means is 3 or more, it is considered that the practices are good and integrated into the lesson. This calculation helps to provide a numerical representation of the data and makes it easier to present the results in an accurate and realistic manner. Additionally, these means were then converted into percentage averages for analysis. The percentage score was calculated using the following formula: Percentage = (Calculated arithmetic means of the item × 100%)/4. To address the second research question, non-parametric tests were utilized, including the Mann-Whitney U test for pairwise comparisons.




3 Research results


3.1 Using formative assessment in science learning environments

The first research question aimed at determining how science teachers implement formative assessment practices to enhance the science learning of primary children. Based on the classroom observations, the arithmetic means and standard deviations of the practice scores for each main criterion of formative assessment were calculated separately for each participant to determine the level of practice.


3.1.1 Planning learning objectives and success criteria

This criterion focuses on ensuring that learning objectives are clearly delivered to students, aligned with lesson content, and linked to prior and future knowledge. It also involves engaging students in defining success criteria to help them understand how to achieve the educational goals. Table 1 presents the means and standard deviations for science teachers' performance on this criterion, ranked in descending order according to their means.


TABLE 1 Means and standard deviations of science teachers' performance on planning learning objectives and success criteria.

[image: Table 1]

Table 1 showed that that the science teachers' performance in this criterion is consistently low across all indicators. The means ranging from 1.75 to 1.96 indicated that teachers need to improve in all indicators' aspects.



3.1.2 Gathering evidence and assessment through activities

This criterion focuses on how teachers collect evidence of student learning through activities that are aligned with the learning objectives. Ongoing assessment enables teachers to adjust their teaching methods to better address students' needs. Table 2 shows the means and standard deviations for science teachers' performance on this criterion, organized in descending order according to their average scores.


TABLE 2 Means and standard deviations of science teachers' performance on gathering evidence and assessment through activities.

[image: Table 2]

Table 2 showed a low performance of science teachers across all indicators of gathering evidence and assessment through activities criterion, showing a low performance across all indicators, confirming the need to improve teachers' practices related to this criterion.



3.1.3 Feedback and enhancing classroom interaction

This criterion aims to give feedback of the descriptive type and facilitate interaction within the classroom, which are essential for enabling learners to assess their achievement and learn better. Interaction and feedback that is given are productive for understanding and improving the learner's performance. Table 3 shows the means and standard deviations for science teachers' performance on this criterion, organized in descending order according to their average scores.


TABLE 3 Means and standard deviations of science teachers' performance on feedback and enhancing classroom interaction.

[image: Table 3]

Table 3 showed that the results indicate low performance across all listed indicators. The values of means reveal that all aspects of this criterion need to be improved. The results highlight the urgent need to improve teachers' strategies in providing feedback and enhancing classroom interaction by increasing opportunities for students to apply feedback and developing their ability to use it to improve their performance continuously.



3.1.4 Self-assessment and peer assessment

This criterion emphasizes the importance of encouraging students to assess both their own and their peers' work. Such assessments promote critical thinking, accountability, and contribute to the improvement of the quality of their work and achievement. Moreover, this practice fosters greater independence in students' learning. Table 4 shows the means and standard deviations of science teachers' performance on this criterion, ranked in descending order based on their average scores.


TABLE 4 Means and standard deviations of science teachers' performance on self-assessment and peer assessment.

[image: Table 4]

Table 4 illustrates science teachers' performance on the self-assessment and peer assessment criterion, with results showing low performance across all indicators. The performance rating is classified as “Low” for all listed points, with the average scores ranging between 1.65 and 1.85. This indicates a significant need for improvement in the aspects of this criterion.



3.1.5 Promoting collaboration in the classroom

This criterion emphasizes fostering a collaborative environment in the classroom, where students engage in teamwork to reach shared objectives. Through exchanging ideas and perspectives, students enhance their understanding and learning through mutual collaboration. Table 5 illustrates the means and standard deviations of science teachers' performance on this criterion, organized in descending order according to their average scores.


TABLE 5 Means and standard deviations of science teachers' performance on promoting collaboration in the classroom.
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Table 5 showed science teachers' performance on the promoting collaboration in the classroom criterion, with all indicators showing low performance. The average scores range from 1.65 to 1.90, indicating a consistent need for improvement in creating a collaborative learning environment.



3.1.6 Redesigning instruction based on student feedback

This criterion analyzes how instructors change their teaching practices considering students' feedback. By meeting student's expectations and changing their teaching methods in response to a student's feedback, teachers can enhance the quality of their teaching as well as the students' learning. Means and standard deviations of science teachers' performance in this task, arranged in a descending order, are shown in Table 6.


TABLE 6 Means and standard deviations of science teachers' performance on redesigning instruction based on student feedback.

[image: Table 6]

As illustrated in Table 6, the participants showed low performance in all indicators of this criterion. The average scores for all indicator was between 1.60 and 1.95. These low scores suggest that while teachers appear to gather evidence of student assessment, they find it difficult to utilize this information for revising their instructive strategies and approaches.




3.2 Effect of teachers' gender and experience on their use of formative assessment

This section focuses on the variables of teacher gender and teaching experience as potential factors influencing the use of formative assessment practices in science learning environments. To examine this, non-parametric tests, specifically the Mann-Whitney U test, were used. The results of this test are presented in Table 7.


TABLE 7 Mann-Whitney U test results for formative assessment practices by gender and teaching experience.

[image: Table 7]

Table 7 reveals that male participants ranked the use of formative assessment practices as 14.57 while female participants ranked it considerably higher at 16.74. The results appear to indicate that female teachers tend to apply assessment methods and practices more potent than male teachers. The Mann-Whitney U test at the same time produced a U-value of 29.0 and a significance value of 0.085, which means the analysis suggests this difference is not significant.

For participants with over 10 years of experience, the average rating of the quality of formative assessment practices was 14.96 while those with < 10 years of experience rated it at 17.95. This indicates that teachers with less experience are more willing to use formative assessment methods. However, the Mann-Whitney U test results from the U-value of 29.00 suggest there is no significant difference between average ratings of formative assessment practices and years of teaching experience.

These findings indicate that even though there are some distinctions in the use of formative assessment practices between male and female teachers or between experienced teachers and novice ones, these distinctions are not statistically significant. This implies that there might be other variables that have a stronger influence on the use of formative assessment implementations in the classroom.




4 Discussion

Although formative assessment bears extensive promise in fostering learning, the findings nevertheless showed gaps in all practices which, if worked on, would yield better education results. One such opportunity is where the students' prior learning is incorporated more closely with the new content to be taught. The findings showed that despite the fact that formative assessment has the strength of enhancing prior knowledge, this advantage was underexploited, which means that teachers need additional measures to accomplish the targeted level of linking previous concepts to new ones. Such a finding could be attributed to the existence of problems in applying linking strategies, caused by little training devoted to this area. Earlier research AlAli (2021), Alt et al. (2023), Atasoy and Kaya (2022), Xu et al. (2023), Yan et al. (2022), and Zeng et al. (2018) have noted that emphasizing linkages between what is already known and what is to be learned enhances the students' overall performance.

In terms of assessing criteria and setting benchmarks, the results revealed that these criteria need to be given to the students in a clearer and more precise manner. This can be attributed to the different ways in which the marking criteria are given to students as they have a bearing on the students' comprehension of the teacher's expectations. This confirms the need to direct the students efforts more specifically toward performing better. These findings are consistent with prior research conducted by AlAli (2021), Atasoy and Kaya (2022), Dah et al. (2024), and Van der Steen et al. (2023), which emphasized that clarity of assessment criteria is useful to students in their learning activities and academic performance, as well as enabling teachers to assess the students' progress more effectively.

The findings proved that the tasks and activities carried out for assessment purposes did not always coincide with the projected learning outcomes. This indicates that the assessment instruments need to be better harmonized with the objectives. Earlier studies AlAli (2021), Dah et al. (2024), Van der Steen et al. (2023), and Yan et al. (2022) were in agreement with this assumption, indicating that using more than one assessment instrument or strategy appropriate to a particular learning objective provides more valid and accurate evidence of student achievement, which helps increase students' attention to the material and direct their learning in a more purposeful manner.

Participants did not employ questioning approaches as assessment methods for student development, or respondents may hadn't enough time to reply or there may have been a limited number of responses allowed. This finding is also consistent with other research (AlAli, 2021; Atasoy and Kaya, 2022; Basilio and Bueno, 2021; Jett, 2009; Yan et al., 2022), which reported that when students were encouraged to think more deeply, enhanced questioning techniques increased their understanding of the studied concepts. Accordingly, teachers must learn how to ask questions that promote active participation of students during the learning process.

The findings also showed that students were rarely involved in peer assessment, which is well known to enhance critical thinking and student collaboration. This was attributed to the absence of activities in which students could assess the work of other students because new methods of working and thinking in a collaborative and independent manner have not been cultivated. This is consistent with Basilio and Bueno (2021), Jett (2009), Moyo et al. (2022), Obeido (2016), Ryan (2015), and Van der Steen et al. (2023), that peer assessment encourages collaborative learning and understanding of the subject matter. Besides, the results showed that more self-assessment practices must be introduced in the classrooms, this can be explained by a lack of change that allows students to examine their own learning. This, however, is more corroborated by Almazroa et al. (2022), Ambusaidi and Al-Farei (2017), Bouchaib (2016), and Chemeli (2019) who stated that self-assessment helps the students to track their progress while adjusting their effort and self-control toward independent learning.

It was further noted that the collaboration of teachers and students was lower than expected, which resulted in students being unable to view and address problems from different angles and to solve them. This result can be attributed to a gap in teacher and student collaboration, which forces students to lose out the advantages that the changing environment offers. Various studies Almazroa et al. (2022), Ambusaidi and Al-Farei (2017), Wondim (2025), and Yan et al. (2022) reported that students' collaboration with teachers increases students' participation, collaboration efforts, and even socialization skills.

The findings pointed out how some students' problems in science need to be handled better. This can be explained by that students do not receive enough feedback on their performance, which makes it difficult for the teachers to know what outcomes to work toward. Earlier studies Basilio and Bueno (2021), Jett (2009), Moyo et al. (2022), and Obeido (2016) confirmed that consistent performance data on students' learning challenges assist teachers to better plan and meet students' needs effectively.

The outcomes related to the second question showed that there was no statistical difference between formative assessments employed by male teachers and their female counterparts. This can be explained by the fact that teachers have equal training and experience in using formative assessment instruments. This finding conflicts with earlier studies by Almazroa et al. (2022) and Ambusaidi and Al-Farei (2017), that found gender has a significant impact on the use of formative assessment within the class. Providing equal training and professional experience to both male and female teachers contribute to the existence of equal practices in the field. When professional development programs are equitable and target improving formative assessment skills of all teachers, they will be able to apply the same methods and approaches in assessment according to the requirements of the training program and gender will not have a significant impact on how these practices are employed.

Moreover, the findings showed that teachers' experience had no statistically significant impact on formative assessment practices. This result can be explained by the fact that both novice and experienced teachers seem to face similar constraints toward using formative assessment strategies due to insufficient professional development. This is consistent with earlier studies of Al-Barakat et al. (2023), Almazroa et al. (2022), Ambusaidi and Al-Farei (2017), and Wondim (2025), which reported that experience alone is insufficient to increase the use of formative assessment, and it is the regular additional training that permits teachers to use these strategies.



5 Conclusions, recommendations, limitations, and future research directions

This study highlighted the need to enhance formative assessment practices in children's learning of science education, especially in linking previous concepts with new scientific content and enhancing self-assessment and student collaboration. Additionally, it was noted that questioning techniques, peer assessment, and self-assessment were inefficiently applied, indicating the need to strengthen these practices to nurture critical thinking and cooperation among children.

Considering these concerns, it is necessary to embark on creating teachers' professional development courses that include how to connect students' existing knowledge with the new learning and use the assessment criteria in a more understandable way. Also, devising more reliable evidence collection procedures is essential for the teachers to be able to modify their instruction to respond to the students' varying needs. There is a need to increase the variety of questions posed to students, with the aim of creating more critical thinkers among them. Even more, increasing opportunities for students to form assessments of their peers and self would aid in promoting a collaborative and independent learning culture. At the same time, the interaction between the teachers and the learners should be enhanced by establishing a classroom where ideas can freely be shared, and participation is encouraged.

As with all research, there are limitations that need to be discussed as well, and these could be associated with how the findings are generalizable. One limitation is the sample selected which comes from a very small educational region, so the findings may not be representative of all the educational regions or students. Another limitation of this research is that it was primarily based on direct classroom observations, which might not provide adequate evidence of formative assessment practices. There might be other factors that are not accounted for which affect how some of these practices are carried out. Consequently, there is a need to employ more than one research instrument, i.e., semi-structured interviews, to capture a robust and detailed account of teachers' formative assessment practices.

In terms of future work, there are plenty of topics that need to be investigated. To begin with, it would be interesting to conduct research on the use of formative assessment techniques in other educational disciplines like math or literature to find out if those disciplines employ the strategies differently. Second, future research could focus on the impact of ongoing professional development programs on improving formative assessment practices, identifying how teachers' skills and performance in implementing these strategies can be developed effectively. Third, it would be useful to conduct comparative studies between schools that have successfully implemented formative assessment strategies and those that have not, to identify factors that contribute to the improvement of these practices.
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