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ABSTRACT

Essential components of any educational setting are instructional materials. They improve the teaching-learning process as a whole. The purpose of this investigation was to cultivate a better understanding of how the normal curve slider has helped students of statistics and probability acquire knowledge and skills pertaining to normal distribution. A sample of nine participants from Notre Dame Village National High School's Humanities and Social Sciences department were subjected to a three-week intervention of utilizing the smaller and bigger normal curve sliders before the COVID-19 outbreak began. Through the use of in-depth, one-on-one interviews, a qualitative approach based on phenomenology was implemented. The results of the study showed that students had a positive attitude towards the use of innovative instructional materials and that they regard their utilization as successful. From differentiating properties to locating areas under a normal curve, the slider helped the understanding of the normal curve competencies. More participants appreciated its usage, while there were few issues faced when using it. Even with students in senior high school, using manipulatives such as innovative instructional materials, can greatly improve their motivation and the outcomes of their learning.
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INTRODUCTION
                                 
With the adoption of the K-12 program, it is mandated that every senior high school student will have to complete an additional of two mathematics core courses. Statistics and Probability are two subfields of mathematics that deal with the collection, presentation, analysis, and interpretation of data (Statistics) and the study of patterns and chances (Probability), respectively. One of the core courses that is offered in Grade 11 is Statistics and Probability. According to Chance and Garfield (2002), educators in the field of statistics have been highly concerned over the years about the techniques and means by which students should be taught statistics for the purpose of gaining a conceptual knowledge of the subject rather than for the purpose of doing mechanical computations. According to research published by the Centre for Educational Research and Innovation (2008), if each student is provided with a personalized learning experience, then learning will be more effective. This is reinforced by Adipo (2015), who stated that the three senses of seeing, feeling, and listening, which are features of instructional materials, are the gateways to human learning in the education system of the 21st century. Instructional materials are integral components of teaching-learning situations; it is not just to supplement learning but to complement its process. It then shows that, if there must be an effective teaching learning activity, utilization of instructional materials will be necessary (Konyango et al., 2018). 
As a component of their teaching resources, mathematics teachers might incorporate mathematical manipulatives into their lessons in order to demonstrate a variety of mathematical ideas for their students. As indicated in the study of McNeil and Jarvin (2007), the use of manipulatives in early schooling can lead to an even stronger knowledge of abstract mathematics as students go into higher-level mathematics. This is because manipulatives allow students to practice their mathematical skills. The theories of development and timeline of learning that Piaget developed provide credence to this viewpoint. These manipulatives have the potential to influence three different domains of learning. When it comes to the cognitive level, manipulatives give learners the opportunity to integrate their knowledge and associate it with their thoughts, which ultimately leads to a more comprehensive understanding of basic mathematical concepts. By actively participating in the teaching-learning process, students are able to experience satisfaction on an emotional level (Yaman & Şahin, 2013). This is accomplished through the active participation of both students and teachers. As a result of the fact that students are able to take an active role in their own learning, there is a good chance that they will develop a more favorable attitude toward the subject, which will lead to an increase in their level of achievement (White, 2012). Because of this, it is recommended by professionals in the field of mathematics that manipulatives be used in order to improve mathematics achievement (Vizzi, 2016). It is apparent that educators have significant challenges in managing students in the mathematics environment.  Many cannot refute that Mathematics educators consistently strive to foster authentic learning among their students. In the study conducted by Mangarin and Caballes (2024) as cited by Tibalan et al. (2025), students found themselves detached from mathematics learning as an outcome of traditional approach, which decreased their motivation and engagement. The instructional materials and inputs supplied by the teacher are crucial in the teaching and learning process. The role of these materials in shaping instructional practices has been a subject of ongoing research in education (Abad & Hattie, 2025). For the purpose of providing teacher’s support and increasing the students’ engagement in mathematics, this qualitative investigation was conducted to investigate the perceptions of students, including their experiences with the utilization of innovative instructional material namely normal curve sliders in Statistics and Probability, as the findings may serve as a reference for improving the teaching and learning experience in mathematics.


Research Questions

1. What are the experiences of students on the utilization of smaller and bigger normal curve sliders?
2. What are their encountered problems in utilizing normal curve sliders?
3. How do students perceive the use of normal curve sliders in Statistics and Probability?

Theoretical Lens

It has been suggested by Nacache (2012) that constructivism is a theory that can be used to the process of learning statistics. The theory of constructivism, which was developed by Jean Piaget in 1952, has an effect on the learning curriculum. This is in relation to the fact that teachers are required to create a curriculum plan that fosters the logical and conceptual development of the learners. It is imperative that teachers place a strong emphasis on the crucial significance that individual experiences or relationships with the surrounding environment play in the education of their students. It is essential that teachers play a significant role. According to this approach, teachers do not deliver lectures; rather, they take on the role of facilitators, whose principal responsibility is to provide assistance to students in terms of their own comprehension. Moreover, learning is an active process in which pupils acquire knowledge within a context that is significant to them. The teacher is said to be practicing constructivism when they present students with a performance-based evaluation, assist them in processing their own understanding of the lesson, and encourage meaningful learning through the utilization of innovations that are designed to make teaching and learning more successful and effective.

METHODS

Study Design
In this particular investigation, a qualitative research methodology was applied, more precisely, a phenomenological approach was selected. Due to the fact that it places an emphasis on analyzing the experiences and views of students within the context of teaching and learning about normal distribution, this methodology was utilized. According to Creswell (2013) as cited by Chang & Wang (2021), a phenomenological approach investigates the mutual relevance of a concept or phenomenon as it is experienced by a number of different people. Interviews are the most efficient and direct means of inquiry for phenomenology. They require both verbal and written expression of events that belong to the past, present, and future in order to improve understanding of experiences that are shared by individuals. 
Participants
A purposive sampling was employed to select a sample of nine (9) Senior High School students who were engaged on the use of both smaller and bigger normal curve sliders. According to Smith et al. (2009), as referenced by Bartholomew et al. (2021), the best sample size for phenomenological research is between four and ten interviews. Purposive sampling is used to pick participants who are most likely to provide information that is both relevant and beneficial (Kelly, 2010 as cited by Campbell et al., 2020).

Instrumentation
The study used a validated interview guide questionnaire, assessed by experts in education and mathematics. The purpose of the questionnaire was to collect information about the experiences that students have had with normal curve sliders in the course of Statistics and Probability. The initial five (5) items were utilized to address the primary research question. The subsequent four (4) items were designed to address the second research question, while the final three (3) items were used for the third research question. On the other hand, the study also used normal curve sliders, which come in two sizes, smaller and larger, were employed in the study to create unique instructional materials. The larger slider was constructed with static wood, mobile cardboard, fabric, and more acrylic-painted artwork. The smaller slider, on the other hand, was constructed of Styrofoam and cloth and painted in acrylic. In addition to the physical characteristics of the slider that may aid student learning, it has two more different applications. The basic level can be used to demonstrate important concepts of a normal curve such as its properties, the standardized normal distribution, and common areas under a normal curve. The z-table feature enhances student's ability to calculate probability across different ranges of standard scores. At the advanced level, it allows for more efficient modification of word problems involving regions or areas under a normal curve.

Data Analysis 
A letter of consent was written by the researcher to both the principal of Notre Dame Village National High School and to the participants who took part in the study. This was done in order to get permission to carry out the study. All nine participants received fifteen sessions of demonstration teaching to ensure that they gained first-hand experience with both the smaller and larger normal curve sliders. After that, one-on-one interviews were conducted with each of the nine individuals who had participated in the study. For the purpose of analyzing the data that was gathered, the researcher applied thematic analysis. The analytical procedure comprises the steps as follows: (1) repeatedly listening to interviewees' narratives to achieve comprehensive understanding; (2) converting experiences into textual data; (3) identifying significant lexicons within the textual data in relation to the study's psychological scheme; and (4) reorganizing the significant lexicons and synthesizing descriptions of prevalent occurrences in experiences (Giorgi, 1985 & Cerbone, 2006 as cited by Chang & Wang, 2021).

Ethical Considerations 
The study followed research ethical rules by stating the following.  A permission form was provided to guarantee that study participants' participation was voluntary.  Second, participant names were removed for privacy.  Third, Grammarly and Turnitin were used to verify the work's authenticity.  Fourth, research integrity was maintained such that the work does not contradict current literature or purposefully misrepresent itself to fit a model or mathematical belief. Finally, ethical and responsible authorship focused on truthfulness—the absence of fraudulent claims, including authorship—and trustworthiness, which reflects an attempt by authors to remove bias from their interpretation of the facts they present to readers.


RESULTS AND DISCUSSION

Students' Experiences with Normal Curve Sliders 
The students’ experiences with the smaller and bigger sliders were presented in Table 1.

Table 1. Students' Experiences with Normal Curve Sliders
	Essential Themes
	Thematic Statement

	Effectiveness
	“Both sliders are effective” 
(All Participants)
“Solving becomes easier” 
(All Participants)

	Usefulness
	“Both sliders are very useful” 
(All Participants)
“I can catch up lessons” 
(Participants 1, 3, 4, 8 and 9)
“I can focus since I can manipulate the small slider” 
(Participant 4)
“Each of us is learning with the small slider” 
(Participant 3)

	Attractiveness
	“Learning is fun with sliders” 
(All Participants)
“The big slider is more attractive” 
(Participant 2)
“The small slider is portable” 
(Participant 3)
“I can really visualize the problem” 
(Participants 4)



As presented in Table 1, there were three (3) identified essential themes for the participants’ experiences with normal curve sliders. The results highlight that both sliders are effective, useful and attractive. The use of normal curve slider is perceived to be effective in learning normal distribution. Also, learning becomes easier and interesting with both smaller and bigger sliders. In the study by Añes (2025), the researcher developed instructional materials for statistics in research, receiving high satisfaction feedback from 30 HUMSS learners and a teacher-implementer, with 'excellent' evaluations for overall effectiveness and 'very good' for design. Research in learning sciences indicates that enhanced learning is facilitated when each student is provided with a customized educational experience. Moreover, using manipulatives as emphasized by Packenham et al. (2014), revealed that students’ academic achievement in Mathematics increased when manipulatives are applied appropriately. According to Chang (2008) as cited by Vizzi (2016), children better cognize Mathematics when allowed to use concrete instances. Further, Larbi and Mavis (2016) stated that Mathematics should truly be presented in a way that meets learners’ learning styles and thought processes. Enhancing mathematics education necessitates both effective teaching methods and the building of improved instructional resources (Carandang, 2025).


Problems Encountered in Utilizing Normal Curve Sliders
The problems encountered by students on the use of smaller and bigger sliders were presented in Table 2.

Table 2. Problems Encountered in Utilizing Normal Curve Sliders
	Essential Themes
	Thematic Statement

	Direction
	“The positives and negatives were a bit of confusing”                 
(Respondents 2, 6 and 8)

	Durability
	“Upon usage, the slider immediately snapped off” 
(Respondent 1)

	Classification
	“I have difficulty in classifying the area” 
(Respondent 5)



Table 2 outlines three (3) identified fundamental themes regarding the participants' encountered problems. The results indicate minimal issues, specifically with the slider's durability and appropriate usage and identification concerning direction and areas. Experiencing challenges in teaching and learning is typical; however, teachers have a responsibility to provide quality education, necessitating their commitment and resolve to develop instructional materials that are significant and aligned with the attainment of learning objectives (Mendiola & Estonanto, 2022). 


Perception on the Use of Normal Curve Sliders in Statistics & Probability
The students' perception on the use of smaller and bigger sliders is presented in Table 3.

Table 3. Perception on the Use of Normal Curve Sliders in Statistics & Probability
	Essential Themes
	Thematic Statement

	Cognitive 
Component
	“The topic normal curve was hard at first but I was wrong” 
(Participant 1)
“It’s actually very easy when our teacher taught us”
(Participant 2)
“I’m just lazy to concentrate sometimes but with the slider, learning is better”
(Participant 3)
“I don’t know what to do at first but later, it was easier to solve”
(Participant 4)
“The normal curve slider is very effective”
(Participant 5)
“I was clueless at first but later it became an excitement”
(Participant 6)
“It was good and helpful”
(Participant 7)
“It helped me to visualize the certain topic”
(Participant 8)
“The problem was better understood”
(Participant 9)

	
	

	Emotional Component
	“I’m really beginning to love Statistics & Probability”
(Participant 1)
“It was cool”
(Participant 2)
“It was friendly”
(Participant 3)
“It was cute and artistic”
(Participant 4)
“I was amazed”
(Participant 5)
“I love the color”
(Participant 6)
“Using normal curve slider was fun”
(Participant 7)
“I was so glad to use normal curve slider”
(Participant 8)
“I felt so much excitement seeing visual aids that are new to our naked eye”
(Participant 9)

	
	

	Behavioral Component
	“I learned that it is a bell-shaped”
(Participant 1)
“I learned that the total area under a normal curve is 1 or 100%”
(Participant 2)
“I learned the use of z-table correctly”
(Participant 3)
“I learned to solve areas under a normal curve”
(Participant 4)
“I learned the solving process”
(Participant 5)
“I learned using the slider to find the probabilities”
(Participant 6)
“I learned to identify the problem easily”
(Participant 7)
“I learned the five properties of a normal curve”
(Participant 8)
“I learned a lot of skills like how to get the accurate answers easily”
(Participant 9)



Table 3 indicated that the majority of students strongly agreed they perceived the normal curve slider to be distinctive and attractive (cognitive); expressed considerable appreciation for its application (emotional), and exhibited an enhanced comprehension of its use in mastering normal distribution competencies (behavioral). These findings are supported by Piaget's theories of development and timeline of learning. At an earlier time in learners' lives, specific manipulatives are suitable and may facilitate the foundational comprehension of mathematical concepts when introduced at the appropriate developmental phase. Goracke (2009) found in her action research that students who failed a symbolic algebra assessment, scored 100% when using manipulatives. Moreover, Packenham et al. (2014) revealed in their study that students’ academic achievement in Mathematics improved when manipulatives were utilized effectively. Furthermore, a recent quantitative investigation by Patiño and Midzid (2025) highlighted that the intervention utilizing the normal curve slider is effective, as the majority demonstrated enhanced performance in the post-test (= 16.04) relative to the pre-test (= 9.07).


CONCLUSION

The study concludes that the normal curve slider is an invaluable aid for learning of statistics and probability particularly the normal distribution competencies. Lesson comprehension is greatly enhanced by the use of the slider, from simple recall to more complex cognitive processing, within the normal curve content. Furthermore, using especially in the latter years of high school, manipulatives like innovative instructional materials, can boost enthusiasm and ease the learning process. Looking at the different lens of the modern educational system shows that there are always effective ways to learn in the 21st century. Additionally, students and teachers alike can benefit from incorporating innovative instructional materials into mathematics lessons.
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