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Abstract 

Despite the growing emphasis on numeracy as a critical outcome of mathematics education, many instructional 
approaches fail to connect numeracy learning with students’ reasoning development in meaningful ways. Existing 
research has not sufficiently explored the integration of technology-supported environments for fostering 
numeracy through theoretically grounded task design. Addressing this gap, the present study introduces a novel 
web-based learning environment grounded in numeracy theory and task design principles aimed at enhancing 
students' numeracy competence and mathematical reasoning. The development and implementation process 
involved iterative trials with 25 fifth-grade students: a one-to-one trial (n = 2), a small-group trial (n = 5), and a 
field trial (n = 18). Data were collected from students’ written responses on the web-based platform and their oral 
explanations. Findings demonstrate that the developed environment meets three key criteria: validity, as it aligns 
with relevant theoretical and empirical foundations; practicality, based on its usability and feasibility for students; 
and effectiveness, as evidenced by improved reasoning skills. These results highlight the potential of well-
designed web-based learning environments to meaningfully support the development of numeracy competence 
while simultaneously fostering mathematical reasoning in primary education. 
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The Programme for the International Assessment of Adult Competencies (PIAAC) defines numeracy as 

the ability to access, use, interpret, and communicate mathematical information in order to engage with 

and respond to the mathematical demands of diverse adult contexts (OECD, 2021). This definition 

emphasizes the functional and critical application of mathematical knowledge, information, and concepts 

as they are encountered in various forms and settings. 

From a broader sociocultural perspective, numeracy is increasingly recognized as a social 

practice, embedded within and shaped by cultural, social, personal, and emotional dimensions (Díez-

Palomar et al., 2023). Accordingly, numeracy encompasses more than mere arithmetic proficiency; it 

involves the meaningful application of mathematics to solve problems situated in real-world contexts. 

Díez-Palomar et al. (2023) further argue that numeracy is essential for full and equitable 

participation in society. It spans a range of mathematical domains, content areas, and processes—

particularly mathematical reasoning—given its close relationship to sense-making, application, and 

informed decision-making (O’Donoghue, 2002). In this regard, numeracy contributes significantly to the 
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development of students’ critical thinking skills, providing a cognitive foundation for both reasoning and 

problem-solving (Sellars, 2017). 

Numeracy is widely regarded as a fundamental objective of mathematics education, with the goal 

of cultivating learners’ capacity to address quantitative challenges in everyday life (Hoogland, 2016; Niss 

& Jablonka, 2014; O’Donoghue, 2002). To achieve this, it is imperative that both numeracy and 

mathematics are taught effectively—either within the mathematics classroom by subject-specialist 

teachers (Tout, 2020), or through an integrated, cross-curricular approach (Bennison, 2016; Goos et al., 

2018). The importance of numeracy lies in its long-term relevance, as it shapes what students retain and 

apply beyond formal schooling (Gal et al., 2020). 

Although the Indonesian mathematics curriculum explicitly emphasizes the development of 

numeracy and literacy (Pusat Asesmen dan Pembelajaran, 2020), national data indicate a declining trend 

in students’ average performance in mathematical literacy (see Figure 1). This suggests that challenges 

may lie not only in curriculum design but also in its implementation, pointing to a need for more effective 

pedagogical practices and systemic support in promoting numeracy. 

 

 

Figure 1. Indonesian PISA 2022 result 

Preliminary findings from our study indicate that mathematics teachers in Indonesia—particularly 

those in Palembang—face significant challenges in providing meaningful and supportive learning 

experiences that effectively develop students’ numeracy skills (Adelia et al., 2024a). This aligns with the 

recommendation by Xiao et al. (2019), who emphasize the importance of creating opportunities for 

students to apply their numeracy skills in authentic contexts and through problem-solving activities that 

reflect core mathematical processes. Our study further reveals that one of the key barriers teachers face 

in implementing such practices is the burden of extensive administrative responsibilities (Adelia et al., 

2024a), which limits their capacity to design and deliver engaging numeracy-focused instruction. 

To address these challenges, there is a pressing need for accessible, flexible, and pedagogically 

sound learning resources that support teachers in facilitating numeracy development. Digital tools offer 

a promising solution, as they have been shown to support rich and varied numeracy practices (Geiger et 

al., 2015). Moreover, the increasing integration of technology in education has been positively associated 

with improvements in students’ learning outcomes across subjects (Hillmayr et al., 2020). In particular, 
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digital learning environments are recognized for their potential to create realistic, contextually relevant 

scenarios that help students apply mathematical concepts to real-life situations—an essential component 

of numeracy competence (Cirneanu & Moldoveanu, 2024). 

In response to these needs, the present study aims to develop a web-based learning environment 

that can be utilized by teachers to support elementary students’ engagement in numeracy learning. The 

focus is specifically on enhancing students’ mathematical reasoning, one of the key processes 

underpinning numeracy. The study is guided by the following research question: What are the 

characteristics of a web-based learning environment that strengthens elementary students’ numeracy 

competence for reasoning in a way that is valid, practical, and demonstrates potential effects? 

METHODS  

Research Procedure 

To address the research question, we conduct a design research study following the development study 

stages. This study is structured into three main stages, as described by Nieveen et al. (2006) and Plomp 

(2010). The first stage is the preliminary research stage, in which we analyze the problem and context 

while developing a conceptual framework grounded in a literature review. The conceptual framework for 

this study focusses on numeracy learning, the digital learning environment, and fraction learning. The 

second stage is the prototyping stage, where we are establishing design principles and refining 

prototypes of the intervention. The first prototype of the developed learning environment consisted of two 

components: instructional videos and the numeracy test items. Both components will go through 

formative evaluation, expert review and one-to-one tryout, and then will be revised based on the formative 

evaluation results. The final stage is assessment phase, where we conduct the formative evaluation to 

assess the practicality and the efficiency of the final prototype of the learning environment. 

Analytical Procedure for Development 

The prototyping process of the learning environment will be concluded with a formative evaluation 

(Zulkardi, 2002). Formative evaluation is an important component of each prototyping approach, since it 

analyses the potentials of the intervention and its key characteristics and uncovers the shortcomings of 

an object during its development process. Therefore, empirical data are essential to evaluate the quality 

of the intervention and design principles (Nieveen, 2010). 

The formative evaluation was conducted to evaluate the validity, practicality, and the potential 

effect of the learning environment (Nieveen, 2010). She suggested three criteria for high-quality 

interventions. First, the components of the intervention must be grounded in cutting-edge knowledge and 

consistently interconnected. The intervention is deemed valid if it fulfills these requirements. The 

subsequent consideration is the intervention’s practicality in being “user-friendly”. The last is, if the result 

yields the expected outcomes, then the intervention is considered effective. 

To evaluate the validity, practicality, and the effectiveness of the learning environment Nieveen 

(2010) had proposed an example of how various formative evaluation methods can be used. In this study, 

expert review, one-to-one trial, small group trial, and field trial are utilized to analyse the quality of the 

learning environment. Table 1 summarizes the formative evaluation process of this study. 

Expert review is utilized to assess the validity of the learning environment. The practicality of the 

learning environment is assessed through one-to-one trial and small group trial. The effectiveness of the 

web-based learning environment was evaluated through field trial using Guskey’s (2000) five 
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development levels evaluation. The first level, participants’ reaction, assessed students’ satisfaction with 

the web-based learning environment through post-activity surveys, focusing on their perceptions and 

experiences. The second level, participants’ learning, examined students’ learning processes by 

documenting their engagement during the field trial and analyzing their responses submitted on the 

website. The third level, organizational support and change, evaluated the school’s commitment to 

supporting and sustaining the implementation of the web-based learning environment, which was 

assessed through interviews with the headmaster and teachers. The fourth level, participants’ use of new 

knowledge and skills, explored how students applied their numeracy knowledge for reasoning, measured 

through students’ responses to numeracy test items. Finally, the fifth level, students’ learning outcomes, 

determined whether students achieved the intended learning objectives, as evidenced by their 

performance on written numeracy tests. Through these five levels, the study comprehensively assessed 

the effectiveness of the developed web-based learning environment in supporting students’ numeracy 

and reasoning. 

Table 1. Formative evaluation of the prototypes 

 First prototype Final prototype 

 Experts Users Users 

Validity ea (video, test)   

Practicality  oto (video, test) sg 

Effectiveness   ft 

Methods of formative evaluation: 

ea = expert appraisal; oto = one-to-one trial; sg = small group trial; ft = field trial 

Participant 

This study employed several methods during the formative evaluation stage, as summarized in Table 1. 

Consequently, different groups of participants were involved. In the one-to-one trial, two fifth-grade 

students participated: one high-performing student and one middle-performing student. They worked with 

the first prototype of the numeracy test item and the instructional video.  

For the evaluation of the final prototype, five fifth-grade students from one classroom participated 

in the small group trial, while eighteen fifth-grade students from a different classroom participated in the 

field trial. Each group included students with diverse performance levels, high, middle, and low. The 

selection of students and classrooms was based on the teacher’s recommendations, as teachers are 

most familiar with their students’ abilities. 

RESULTS AND DISCUSSION  

First Stage: Preliminary Research 

This study is grounded in two interrelated domains: numeracy learning and digital learning environment. 

By intertwining these perspectives, we aim to investigate how the integration of numeracy-oriented task 

design and digital technology can support students’ reasoning, particularly in the context of fraction 

learning. 

Numeracy Learning 

In the numeracy learning domain, our work is anchored in the task design that emphasizes numeracy-

oriented learning experiences. Goos and her colleagues (2018) defined numeracy as a fundamental 
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ability required to solve real-life situations problem that incorporate mathematical elements. They further 

formulated the 21st century numeracy model that consists of five dimensions: 

1. Context: numeracy is highly related to everyday situations; therefore, it requires consideration of 

context to be effective. Even fundamental aspect of numeracy learning is the teachers’ 

comprehension of the practical applications of mathematics in real situations (Adelia et al., 2024b). 

2. Mathematical knowledge: an understanding of mathematical knowledge is needed to reason 

mathematically, solve problems, and interpret situations in real-life contexts. 

3. Disposition: one of the characteristics of a numerate person is the dispositional elements such as 

eagerness and persistence when facing challenges in working with real-life problems. 

4. Tool: real-world problems generally contrast with textbook problems; therefore, it requires different 

problem-solving tools. 

5. Critical orientation: this dimension supports the individual to be preventive about the increasing 

utilization of mathematical information in social, political, and national or international issues. 

 

Digital Learning Environment 

In the domain of digital learning environments, our focus is on task design that leverages the affordances 

of digital technologies to foster mathematical reasoning. Digital tools offer students opportunities to 

enhance their conceptual understanding of fractions (Zhang et al., 2020). To achieve this, Drijvers (2015) 

emphasized three essential factors: the design of the digital tool, the role of the teacher while using the 

tool, and the educational context in which the tool is embedded. 

Prior studies in mathematics education highlights that multiple representation used in digital 

learning activities—such as constant splitting and pizza game—help students understand the meaning 

of fraction (Martin et al., 2015), equivalent fraction, and complementary fractions (Gaggi et al., 2018). 

Additionally, a systematic use of technology enables students to explore and identify new mathematical 

results (Santos-Trigo et al., 2015). 

By incorporating digital technologies, we aim to develop and investigate how such tools facilitate 

students’ reasoning in numeracy learning, particularly in the domain of fractions. Given that fraction 

concepts are often challenging for elementary students due to their abstract nature (Siegler et al., 2013). 

We argue that digital environments can provide interactive tasks and visual representations that support 

students in making sense of fraction conceptual understanding. 

Second Stage: Prototyping 

The design process of the learning environment was guided by the prototyping approach (Zulkardi, 2002). 

He continued that, by employing this approach, the learning environment carried on through two stages 

within the prototyping cycle and ended with a formative evaluation. The main components of the learning 

environment are instructional video and numeracy test item. 

Instructional Video 

As one of the main components, the instructional video provides theory-grounded fraction learning. The 

designed instructional video sequence included four videos on Fraction as Part of a Whole, Fraction 

Equivalence, Unlike Denominator Fraction Addition, and Fraction Division. These four videos are 

embedded in the web-based learning environment “BangunRuang” (www.bangunruang.net).  

Based on the literature, the construct of fractions as a part of a whole is a crucial understanding 

that students need to comprehend (Charalambous & Pitta-Pantazi, 2007). This construction enables 

http://www.bangunruang.net/
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pupils to articulate a situation where a whole is partitioned into equal parts, with a fraction denoting how 

many of these parts are being considered (Charalambous & Pitta-Pantazi, 2007). They further 

emphasized that students must be proficient in partitioning a continuous area and discrete set into equal 

parts, as well as determining whether the whole has been partitioned in equal parts. 

For fraction equivalence, students must grasp the notion of proportionality—recognizing that 

different fractions can have the same value (Adelia et al., 2022; Pedersen & Bjerre, 2021). These studies 

highlight the importance of engaging students in a situation where the denominator varies while still 

representing an equivalent quantity. 

In fraction addition, understanding the magnitude of fractions with unlike denominators plays a 

fundamental role in students’ conceptual development (Amuah & Davis, 2023). Tsai and Li (2017) stated 

that the ability to unitize quantities in different ways and the flexibility in handling units are essential for 

developing equivalence competence, which is also important for fraction addition with unlike denominator 

(Laughlin, 2022). 

Some studies differentiate fraction division into two interpretations: measurement and partitive 

(Adu-Gyamfi et al., 2019; Son & Senk, 2010). This study focuses only on partitive division. Prior study 

has identified key design principles to support students’ partitive fraction division understanding: 1) 

developing pupils’ sense of fair-sharing through whole number partitive division, 2) strengthening the 

concept of unit in fraction and partitioning, 3) choosing appropriate context and graphical representations, 

and 4) sequencing the fraction used (Wahyu et al., 2020). 

These four fraction concepts formed the foundation for the instructional videos. We ensured that 

the instructional videos addressed a real-world problem, outlined the solution with the involved process, 

provided learner support and emphasized the presentation of the video. We adopted the framework of 

Wirth and Greefrath (2024) to design the instructional video. 

The instructional videos subsequently proceed to formative evaluation of expert appraisal. The 

experts involved in this study were a researcher in educational technology and a mathematics educator. 

In general, the experts agree that the instructional videos present a problem that is situated in real-world 

context, contributes to students being able to recognize the procedure, call for knowledge-generating 

activity and engage students in subsequent problems, also the presentation of the video is well-designed. 

Overall, the experts concluded that the instructional videos are valid for the intended educational 

purposes. However, certain points require further discussion. The first concern is how pupils connect 

mathematics to everyday life. To address this, we emphasize that the fraction unit used in the video is 

practical and frequently encountered by students in their daily lives. The next concern involves pupils’ 

ability to make predictions and validate their solutions. We addressed this by conducting a pilot test to 

determine whether the problem presented in the video helps students make predictions and validate their 

solutions. Another concern relates to feedback: does the video help students articulate their solution, 

explain the underlying principles to themselves, or anticipate the next step? We address this by allowing 

the teacher to provide opportunities for students to reflect on their learning and confirm their 

understanding. 

To assess the practicality of the instructional video, we conducted a one-to-one trial. During the 

trial, the participating students engaged with the instructional video and answered the problems 

presented at the end of each video. Nieveen and van den Akker (1999) stated that practicality is 

determined by whether the instructional videos are usable and engaging in real-world settings. While the 

students faced minor difficulties, such as occasional challenges in following specific parts of the video, 

they appeared to enjoy the experience overall. They remained focused throughout the session and were 
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able to answer most of the questions correctly. To illustrate, we provide a detailed account of the 

participants, Andy and Sarah, as shown in Figure 2. 

Andy engaged actively with the instructional videos, demonstrating attentiveness and interest in 

the content. He answered the questions correctly, indicating an understanding of the material presented. 

For instance, in fraction as parts of a whole video, we presented an incomplete situation problem adapted 

from Pramudiani et al. (2022). The problem asked students to determine what fraction one part of a pizza 

represents when one part is missing. Andy’s answer was 
1

8
, and he confidently explained that the missing 

part still counts toward the whole. This reasoning aligns with Čadež and Kolar (2018) concept of 

comprehending fraction as a part-whole subconstruct. In contrast, Sarah answered incorrectly for the 

same question. She responded 
1

7
, explaining that there were only seven visible pizza slices, disregarding 

the missing slice. This highlights her misconception that fractions should be based solely on visible parts. 

Sarah required support to understand that fractions must account for the entire whole, including parts 

that are not immediately visible. 

In another video, the problem required finding a fraction equivalent of 
1

2
 using the unit fraction of 

1

8
. 

The video context, adapted from Adelia et al. (2022), involved measuring cups. Andy and Sarah correctly 

determined that four measuring cups of 
1

8
 are needed to fill the 

1

2
-cup. Based on these findings, it can be 

concluded that Andy and Sarah perceived the instructional videos to be rather practical and maintained 

a positive attitude toward their use in his learning process. Furthermore, the incorrect answers by Sarah 

led us to consider the need for additional assistance when working with the video. 

 

  

Figure 2. Sara and Andy work on instructional video 

Numeracy Test Item 

In the development of numeracy problems, Goos et al. (2018) identified two distinct processes. 

Structuring involves using the numeracy dimensions to assess how the selected context effectively 

involves students, identify pertinent mathematical knowledge, consider how the task enhances student 

dispositions, introduce to suitable tools, and includes elements to encourage students to adopt a critical 

orientation. Fitting to circumstances, focuses on creating, selecting, and adapting tasks to accommodate 

or take advantage of the specific characteristics of the school. 

In line with the first stage of numeracy problem development proposed by Goos et al. (2018), we 

aim to design numeracy tasks that arise from everyday situations involving fraction. These tasks are 

crafted to integrate contextual understanding and mathematical knowledge, utilize appropriate 

mathematical tools, support students’ dispositions toward mathematics, and evoke students’ critical 

orientation presented in Table 2. 
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Table 2. The numeracy test items 

Problem Numeracy dimension 

Subtopic: Fractions as part-whole relationship 

 

a. Why do you think the price written is for 
1

7
 cow? 

b. How do you find the price for 1 cow?   

Mathematical Knowledge: 

• Multiplication with decimal number  

• Multiplication of large number 

Context: 

Qurban (Sacrificial Animal) 

Dispositions: 

• Curiosity 

• Problem-solving attitude 

Critical orientation: 

Reflecting on how mathematical 

representations are used in public 

communication. 

Tool: 

Procedural tool: multiplying procedure 

A regular column in the local newspaper invites 

readers to ask a famous chef for a recipe. 

 

Q: I want to make a small sponge cake in a 15 cm 

pan. How do I measure the quantity of ingredients 

needed? 

 

A: Just adjust the recipe; for example, if the recipe is 

for a 30 cm pan, then divide the recipe in half. 

 

 

Do you think the Chef's answer is the best advice? 

Give your answer and why. 

Mathematical Knowledge: 

Fraction proportional sizes 

Context: 

Baking 

Dispositions: 

• Critical thinking attitude 

• Curiosity 

Critical orientation: 

Decision making on choosing whether to follow 

the advice 

Tool: 

Fraction illustration 

Subtopic: Ordering fractions 

A platform is a place where you could wait for your 

train in a train station. 

Below is a ticket from London to Hogwarts, the ticket 

show that we must wait in Platform 9
3

4
. 

 

Place the 9
3

4
 in this number line. 

Mathematical Knowledge: 

Fraction magnitude 

Context: 

Pop culture 

Dispositions: 

• Flexibility 

• Curiosity 

Critical orientation: 

Interpreting visual representation critically 

Tool: 

Number line 
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Subtopic: Fraction equivalence 

These two glasses contain a same tea type and 

volume. If cup A has 
3

4
 spoon of sugar added, and 

cup B has 
2

3
 spoon of sugar added. Will the 

sweetness of the two teas be the same? Give your 

reason. 

 
 

Mathematical Knowledge: 

Comparing fractions 

Context: 

Measurement 

Dispositions: 

• Persistence 

• Curiosity 

Critical orientation: 

Reflecting on how fractions visualized spatially 

Tool: 

Procedural tool: referencing known 

benchmarks 

Subtopic: Fraction addition with unlike denominators 

 
a. If the topped cake parts are combined, will it be 

one whole cake, less than one whole cake, or 

more than one whole cake? 

b. What is the fraction of the combination of the 

topped parts? 

Mathematical Knowledge: 

• Part-whole relationship 

• Fraction equivalence 

• Fraction addition 

Context: 

Fair sharing activity 

Dispositions: 

• Persistence 

• Curiosity 

Critical orientation: 

Evaluating representations 

Tool: 

Procedural tool: finding a common 

denominator or reasoning through visual 

models 

Subtopic: Fraction division 

 

Mathematical Knowledge: 

Part-whole relationship 

Context: 

Fair sharing activity 

Dispositions: 

• Persistence 

• Curiosity 
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a. What is the fraction of that pizza leftover? 

b. What do you suggest if the leftover pizza is 

shared by 6 people? 

c. What fraction of a pizza did each person receive? 

d. How do you explain the result of 
3

4
: 6 

Critical orientation: 

Avoiding surface-level visual assumptions 

Tool: 

Visual model 

 

Same as instructional video, the numeracy test item validity was also assessed through expert 

appraisal, by the expert of mathematics educator. The assessment indicator followed five dimensions of 

the 21st century numeracy model: context, mathematical knowledge, disposition, tools, and critical 

orientation (Goos et al., 2018). In general, the expert agrees that the content and construct of the 

numeracy test items are valid and align with the numeracy dimensions of 21st century numeracy model. 

The expert highlights that the test items excel at connecting mathematics to real-world contexts, which is 

a critical goal of numeracy learning. However, he noted that some items could be further refined to better 

suit students in different regions or countries. For instance, item 1 may be particularly beneficial for 

students from areas with a strong livestock farm culture. Regarding language, the expert affirms that the 

phrasing is appropriate and communicative for elementary school students. Furthermore, the expert 

specifically commends item 3 and 5 for encouraging students to construct mathematical arguments and 

interpret solutions when addressing everyday problems, demonstrating their potential to enhance 

students’ mathematical reasoning (Jeannotte & Kieran, 2017). 

The numeracy test item was further evaluated for practicality through one-to-one trials, covering 

topics: fraction definition, ordering fraction, fraction equivalence, unlike denominator fraction addition, and 

fraction division as shown Figure 3. Results indicate that guidance within items impacts students’ 

success. For instance, both Andy and Sarah provided correct answers to the partitive fraction division 

problem, 
3

4
: 6. The guided structure of this item helped students by directing them to first notice the 

fraction 
3

4
, then to equal partition it six people, and finally to interpret the mathematical solution to the 

problem. In contrast, when the problem lacked explicit guidance, as in item 3 (focused on fraction 

equivalence by comparing 
3

4
 and 

2

3
), performance varied. Andy identified that 

3

4
 is not equivalent to 

2

3
 by 

calculating the least common denominator, while Sarah incorrectly claimed that 
3

4
 is equivalent to 

2

3
, 

revealing a misunderstanding of fraction equivalence. These findings suggest that the practicality of test 

items depends on their structure and level of guidance, which can influence students’ ability to engage 

with and solve fraction problems. 

 

  

Figure 3. Sara and Andy work on numeracy test item 
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Third Stage: Assessment 

The final prototype is the fully developed web-based learning environment, accessible at 

www.ruangnumerasi.myportfolio.com. The development process began after completing the initial 

prototype. The final prototype design commenced with creating a storyboard for the website, guided by 

the framework of online mathematics environment proposed by Barlovits et al. (2022). According to this 

framework, designing an effective online mathematics environment requires careful consideration of 

several key aspects. First, technical equipment and digital competencies, ensuring device and internet 

access availability and educators with varying levels of digital proficiency. It also incorporates curricular 

resources, to create appropriate content for mathematics lessons. Additionally, adequate formative 

assessment is essential, so that the assessment is congruent with the intended processes and outcomes 

of the lesson. Finally, the design should foster personal interaction, facilitating meaningful connections 

between students and educators to build a supportive and collaborative learning community. By 

addressing these considerations, the web-based learning environment ensures a pedagogically sound 

and technologically robust platform for its users. 

Practicality 

To further investigate the enacted web-based learning environment, a follow-up small group trial was 

conducted with 15 fifth-grade students that represented a variety of mathematics abilities. The specific 

goal of this trial was to identify to what extent the practicality of the web-based learning environment when 

engaged with the students. Focusing on its usability and accessibility. The trial revealed several key 

insights regarding the practical feasibility of implementing the web-based learning environment in a 

classroom setting. 

One of the main challenges observed was the need for stable internet access. For the web-based 

platform to function effectively, all students needed to be able to access the website simultaneously (see 

Figure 4). Besides that, most students were able to navigate web-based activities without significant 

difficulties. The teacher also played a crucial role in monitoring and assisting students during the trial. 

The verbal explanations are still needed for students to fully uncover their reasoning. This suggests that 

while the platform is a valuable supplementary tool, it works best when integrated with teacher-led 

discussions. 

 

 

Figure 4. The internet problem faced by a student 

http://www.ruangnumerasi.myportfolio.com/
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Effectiveness: Potential Effect of the Learning Environment 

Participants’ reaction. Students’ satisfaction was measured using a questionnaire administered to 

conclude the field testing (see Figure 5). The questionnaire results revealed that 85% of students show 

positive attitude toward the web-based learning environment. This indicates a high level of alignment and 

satisfaction among students with the web-based learning environment. 

 

 

Circle one or more words below that describe your 

feelings when interacting with the website. You can 

add other words in the provided column. 

Happy      Great      

Smart      Excited      

Unable to participate Depressed 

Worried Satisfied 

Unhappy Feeling stupid 

Confused Interested      

Enthusiastic Frustrated 

Bored  

Circle one or more words below that describe the 

problems and videos provided on the website. You can 

add other words in the provided column. 

Fun      Boring 

Very easy Different 

Interesting      Difficult      

Challenging      Just like usual      

Disappointing Trivial 
 

Figure 5. Students’ reaction questionnaire 

Participants’ learning. The observation revealed that students actively participated in the activities, 

demonstrated curiosity, and frequently interacted with the tasks provided. Most students were able to 

follow the instructions independently, while some required guidance to navigate the platform and 

understand the task. The analysis of students submitted responses indicated that the majority of students 

could correctly apply the concepts introduced in the web-based learning environment. Students’ answers 

reflected their understanding of fraction concepts, such as recognizing fractions in contextual problems 

and providing justifications for their solutions. 

Organizational support and change. The web-based learning environment was endorsed by 

supportive backing from the school principal, providing formal approval for conducting the study and 

encouraging mathematics teachers to integrate the platform into their classroom practices. 

Also, teachers expressed positive perceptions of the web-based learning environment, acknowledging 

its relevance in supporting students’ numeracy learning and its alignment with the school’s educational 

goals. While some teachers noted initial challenges related to technological access and students’ digital 

literacy, they demonstrated a willingness to adapt and incorporate the platform into their lessons. The 

school management also showed openness to future collaborations and considered the potential for 
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wider implementation of the web-based learning environment. 

Participants’ use of new knowledge and skills. The focus of this level was on finding indications of 

the effects with respect to students’ mathematical reasoning when solving numeracy tasks about 

fractions. In this study, we use Lithner’s (2008) framework of reasoning. According to him, there are two 

main types of reasoning: imitative and creative mathematical reasoning. The reasoning that has a 

mathematical foundation is creative mathematical reasoning. 

We separate students’ answers into imitative reasoning or creative mathematical reasoning. In 

general, from 108 answers, sixty-eight answers are classified as imitative reasoning and forty answer 

classified as creative mathematical reasoning (𝑛 = 18). 

Fraction Definition 

The question is: “Al Irsyad Mosque accepts and distributes sacrificial animals: the price for 
1

7
 of a cow is 

IDR 2.9 million. Why do you think the displayed price is for 
1

7
 of a cow?”. Luna’s answer provided an 

example of the creative mathematical reasoning answer. 

Luna was able to connect the question to the animal sacrifice (Qurban), where one cow can be 

sacrificed on behalf of seven people. Through this understanding, she recognized that the listed price 

corresponds to 
1

7
 of the total cost of one whole cow, as each person contributes their fair share. 

Furthermore, Luna explained that the total price of one whole cow is IDR 20.3 because the price per 

person (
1

7
 of a cow) is IDR 2.9 million. 

Luna’s answer demonstrates creative mathematical reasoning (Lithner, 2008) because she did not 

merely perform a calculation but also connected the question to a meaningful real-world context. She 

supports her conclusion by explaining how price distribution aligns with fraction, ensuring fairness in cost 

allocation. Most importantly, her reasoning is anchored in proportional reasoning, as she effectively links 

price distribution with fraction operations. 

Fraction Equivalence 

The question is: “Two glasses contain tea of the same type and volume, if glass A is given 
3

4
 of a spoon 

of sugar and glass B is given 
2

3
 of a spoon of sugar, will the sweetness of both teas be the same? Provide 

your reasoning”. Ron’s answer provided an example of the imitative reasoning answer. 

Ron’s answer demonstrated imitative reasoning, even though it was correct. He stated that glass 

A is sweeter than glass B because glass A contains three spoons of sugar, while glass B contains two 

spoons. He was likely referring to fraction using the part-whole subconstruct, where 
3

4
 represents three 

parts (of something) out of four parts in total. According to Sumpter (2018), this type of response indicates 

that the foundation of the student’s reasoning is mathematical, but it is not central to the task. 

Fraction Addition with Unlike Denominator 

The question is: “If the cake slices with toppings are combined, will they form exactly one whole cake, 

less than one whole cake, or more than one whole cake?” (see Figure 6). Harry’s answer provided an 

example of the imitative reasoning answer. 
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Figure 6. Fraction addition problem 

Harry knew that he needed to add the fractions, which is the main mathematical problem in the 

question, but instead of adding 
1

4
 with 

2

3
, he added   

1

4
 and 

1

3
. Then he recalled an incorrect procedure. 

Instead of finding a common denominator for fourths and thirds, he mistakenly added the denominators, 

arriving at an answer of 
1

7
. Harry’s reasoning was not based on the mathematical properties of fraction 

addition with unlike denominator. According to him, he used this approach because the problem felt 

familiar (Lithner, 2006). Unfortunately, he made no attempt to verify his answer, such as by illustrating 

the addition. 

Fraction Division 

The question is: “What is your suggestion if the remaining pizza, as shown in the image, needs to be 

divided equally among six people? What fraction of the pizza will each person receive?” (see Figure 7). 

Ginny’s answer provided an example of creative mathematical reasoning. 

 

 

Figure 7. Fraction division problem 

“The remaining 
3

4
 of the pizza can be divided into six equal portions. If we imagine the pizza as a 

whole circle divided into four parts, and then each remaining part is further split into smaller pieces for six 

people, each person gets 
1

8
 of the total pizza. This shows how 

3

4
 divided by six equals 

1

8
.” -Ginny 

Ginny performed creative mathematical reasoning because she adapts her knowledge of fair 

sharing to the specific scenario. Her explanation is also logical and addressed the problem, and rooted 

in the principles of fractions, division, and proportionality 0 (Lithner, 2008). Ginny noticed that 
1

4
 of the 

pizza is missing, so 
3

4
 of the pizza remains. She visualized by dividing the remaining pizza into six equal 

parts, so that each person gets 
1

8
. This reasoning is based on dividing fractions and proportional thinking. 

To gain a broader perspective on students’ responses, we conducted a quantitative analysis of 

their scores on numeracy test items. We scored their answer based on the processes of mathematical 
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reasoning as defined by Lithner (2008). Since there are four processes, each process a student 

demonstrated was awarded one point, making the maximum possible score for each question four points. 

For n = 18, the mean was 9.5 and the standard deviation of 5.6. The range of the dataset was 16, which 

suggests a relatively large spread of scores. The coefficient of variation, which measures relative 

dispersion, is 59%, suggesting a moderate to high variability in students’ mathematical reasoning scores. 

This means that while some students demonstrated strong reasoning skills, others struggled. The 

presence of a wide range suggests that the learning environment was effective for some students but 

may need refinement to support lower-performing students more effectively. The results indicate that the 

learning environment provided opportunities for students to engage in mathematical reasoning, but the variability 

in scores suggests differing levels of success across students. A further breakdown of responses could identify 

which aspects of the environment were most effective and which need improvement. 

Students’ learning outcome. The results indicated that students showed understanding in applying 

fraction concepts in contextualized problems. They were able to recognize fractions as part-whole 

relationships, accurately identify fractions from visual representations, and perform fraction addition and 

comparison involving unlike denominators. Furthermore, students demonstrated the ability to explain their 

reasoning by connecting mathematical procedures to the problem context, reflecting a deeper conceptual 

understanding beyond mere procedural skills. Compared to their initial performance, students became 

more consistent in using appropriate strategies, such as finding common denominators and justifying 

their answers with relevant contextual explanations. 

Based on the development and analysis conducted in this study, the characteristics of a web-

based learning environment that effectively strengthens elementary students’ numeracy competence for 

reasoning, while ensuring validity, practicality, and potential effects, can be categorized as: First, 

alignment with theoretical and empirical foundations. The developed learning environment integrates five 

key dimensions of numeracy concepts in fraction learning. The experts agreed that its components 

effectively present problems situated in real-world contexts, enable students to recognize mathematical 

procedures, encourage knowledge generation, and engage students in subsequent problems. 

Furthermore, the environment is encouraging students to construct mathematical arguments and 

interpreting solutions when addressing everyday problems. For instance, in item 1, students demonstrate 

their ability to make sense of fractional representations in real-world settings. This is evident in their 

responses to a numeracy problem involving Qurban, where they recognize that one cow can be sacrificed 

on behalf of seven people. As a result, the price displayed represents 
1

7
 of a cow rather than the full price 

of one cow. Students successfully determined the price of a whole cow by multiplying the given price for 

one whole cow by seven. This reasoning aligns with prior studies, which emphasize that numeracy 

demands a solid mathematical understanding in solving real-world problem (Adelia et al., 2024a; Goos 

et al., 2018; OECD, 2023). 

The second one is the feasibility and usability for students. For a web-based learning environment 

to be practical, its design must be user-friendly and technically accessible (Drijvers, 2015; Zulkardi, 2002). 

Additionally, teachers must be proficient in using the web-based learning environment, including its 

instructional videos and numeracy test items, to effectively support students (Alvarez et al., 2009; 

Drijvers, 2015). Lastly, the learning environment’s context should align with the learning objectives and 

students’ prior knowledge to ensure meaningful engagement and knowledge construction (Drijvers, 

2015). 

The final one is the potential effects on promoting students reasoning. The evaluation of the web-
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based learning environment through Guskey’s five levels provided comprehensive insights into its 

effectiveness in supporting students’ numeracy and reasoning, particularly in the domain of fractions. 

Students responded positively to the learning experience, as reflected in their engagement and 

satisfaction during the field trial. Observations and analysis of their responses indicated active 

participation and meaningful learning processes. The school demonstrated strong organizational support, 

with both leadership and teachers showing commitment to integrating the platform into classroom 

practice. Furthermore, the web-based learning environment has the potential to evoke students’ 

reasoning skills by prompting students to justify their answer and connect their reasoning to meaningful 

context (Lithner, 2008). For instance, Ginny clearly provided a solution for dividing 
3

4
 by 6. Finally, 

students’ performance on numeracy test item confirmed the achievement of the intended learning 

objectives, showcasing improvements in their understanding and application of fractions. These findings 

collectively highlight the web-based learning environment’s potential as a valid, practical, and impactful 

tool for enhancing fraction learning and fostering students’ numeracy and reasoning. 

This study contributes to the ongoing discussion on integrating technology to enhance students’ 

numeracy and reasoning, especially in the context of fraction learning. Previous studies (e.g., Drijvers 

(2015) and Zulkardi (2002)) emphasized the role of web-based learning environment in making 

mathematics learning more accessible and engaging. Our findings confirm these earlier insights, showing 

that a web-based learning environment designed around real-world contexts and numeracy principles 

can promote reasoning among elementary students. Furthermore, this study also highlights how students 

can meaningfully construct arguments and apply mathematical reasoning when tasks are situated in 

contexts familiar to them. 

CONCLUSION 

This study identified and analyzed the characteristics of a web-based learning environment designed to 

strengthen elementary students’ numeracy and reasoning in the context of fractions. Beyond confirming 

validity, practicality, and potential effects, the main findings reveal that integrating five key dimensions of 

numeracy, situating problems in real contexts, recognizing procedures, encouraging knowledge 

construction, engaging in sequential tasks, and constructing arguments, can meaningfully promote 

students’ reasoning processes. Students were able to connect mathematical procedures to real-life 

contexts, such as interpreting the price of Qurban, and justify their solutions, as demonstrated in tasks 

requiring fraction operations. This shows that thoughtfully designed web-based environments can go 

beyond procedural fluency to foster deeper conceptual understanding and reasoning. 

Despite these contributions, this study also has limitations. The field trial involved a relatively small 

number of students from a single grade level and context, which may limit the generalizability of the 

findings. Additionally, the intervention focused specifically on fraction learning, so its effects on other 

mathematical domains remain unexplored. Technical constraints, such as internet connectivity and 

device availability, also influenced the learning environment’s implementation and may affect broader 

adoption. 

The impact of this study is twofold. Theoretically, it extends previous research by demonstrating 

how numeracy can inform the design of web-based learning environments to enhance reasoning. 

Practically, it provides teachers and curriculum developers with concrete examples of tasks and features 

that can engage students in constructing arguments and solving contextual problems. The findings 

suggest that integrating numeracy-based design principles into digital tools can help students develop 
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reasoning skills that are critical for lifelong learning. Future research could explore scaling the learning 

environment to different contexts, subjects, or student populations, and investigate its long-term impact 

on students’ mathematical thinking. 
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