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Abstract: This study investigates how opportunity to learn (OTL) in project-based mathematics education courses—

Manipulative Learning Media (MLM) and Virtual Learning Media (VLM)—supports the development of a growth 

mindset among pre-service teachers. MLM is a compulsory course focusing on concrete instructional media, while 

VLM is elective and centers on digital tools. Both apply structured learning cycles involving media design, classroom 

implementation, revision, and reflection. Using a quantitative comparative approach, data were collected from 85 

mathematics education students grouped by course enrollment. Growth mindset and OTL were measured using 

Likert-scale questionnaires and analyzed with descriptive statistics, t-tests, and Pearson correlation. Results showed 

that the MLM+VLM group reported slightly higher growth mindset scores (M = 3.54) than the MLM-only group (M 

= 3.47), though the difference was not significant (p = 0.483). However, OTL scores approached significance (p = 

0.054), and a positive correlation was found between OTL and growth mindset (r = 0.642). These findings highlight 

the value of structured, project-based learning environments in enhancing students’ learning beliefs and instructional 

readiness. 

 

Keywords: Growth Mindset, Opportunity to Learn, Project-Based Learning, Manipulative Learning Media, Virtual 

Learning Media. 

 

Introduction 

In the era of 21st-century learning, 

cultivating a growth mindset has become a critical 

objective in modern education, particularly within 

mathematics education. Dweck defined a growth 

mindset as the belief that intelligence and abilities 

can be developed through sustained effort and 

learning (Dweck, 2006). This perspective has 

been associated with higher levels of academic 

resilience, motivation, and performance (Yeager 

et al., 2019). As future educators, pre-service 

mathematics teachers are expected not only to 

master content but also to adopt a mindset that 

fosters lifelong learning and adaptability. 

In addition to learners’ internal beliefs, 

academic achievement is influenced by the 

instructional opportunities provided by the 

educational environment. The concept of 

opportunity to learn (OTL), as outlined by Kurz et 

al. (Elliott et al., 2017; Kurz, 2011), encompasses 

students’ access to quality content, effective 

instruction, and aligned learning experiences. 

Schmidt and McKnight emphasized that OTL is 

not only about curriculum exposure, but also 

about engaging students in meaningful and 

challenging academic tasks that promote deep 

understanding (Cogan & Schmidt, 2015; She et 

al., 2018; Zhang et al., 2019). 

Project-based learning (PBL) is an 

instructional strategy that has gained prominence 

for its ability to support both OTL and mindset 

development. Blumenfeld et al. proposed that 

PBL engages students through real-world 

problems, collaborative inquiry, and product-

oriented outcomes (C et al., 1991). In 

mathematics teacher education, project-based 

learning (PBL) enables pre-service teachers to 

develop both pedagogical competence and 

reflective thinking skills through active 

engagement in meaningful instructional tasks. 
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PBL promotes deeper conceptual understanding, 

collaboration, and critical reflection, which are 

essential for teacher preparation (Kaldi & Zafeiri, 

2023). Studies have shown that when PBL is 

integrated into teacher education, it fosters 

students’ ability to connect theory with practice 

and encourages metacognitive awareness through 

self-evaluation and classroom implementation 

experiences (Alrajeh, 2021; Denuga & 

Nkengbeza, 2022). In particular, PBL approaches 

that incorporate the use of manipulative and 

digital media—such as GeoGebra—further 

enhance pre-service teachers' technological and 

pedagogical skills (Ortiz et al., 2019; Song et al., 

2012). These findings affirm the potential of PBL 

to shape future educators who are not only 

competent in instructional design but also 

reflective and responsive to dynamic classroom 

needs. 

Despite the widespread application of 

project-based learning (PBL) in mathematics 

education, research remains limited on how 

structured opportunities to learn (OTL) through 

different instructional modalities contribute to 

students’ growth mindset, particularly in the 

context of teacher education. The integration of 

manipulative learning media has been shown to 

support conceptual understanding and creativity 

by engaging learners in tangible, exploratory 

activities (Ummah et al., 2019; Wulandari & 

Qamar, 2018). In contrast, digital instructional 

tools, such as virtual manipulatives and platforms 

like GeoGebra, offer dynamic environments that 

foster logical reasoning and visual thinking (Ortiz 

et al., 2019; Song et al., 2012). However, few 

studies have examined how combining both 

modalities—manipulative and virtual—within a 

project-based framework affects pre-service 

teachers’ mindset beliefs. Moreover, most 

existing research focuses on outcomes like 

content mastery or technological proficiency, 

rather than the deeper cognitive and motivational 

dimensions such as mindset development 

(Saubern et al., 2020; Wouters et al., 2013). By 

investigating how OTL is embedded in the MLM 

and VLM courses, this study contributes new 

insights into the pedagogical mechanisms through 

which PBL shapes not only knowledge and skills, 

but also beliefs about learning potential. This fills 

a notable gap in the literature, especially in the 

Indonesian context, where systematic evidence 

linking OTL, media-based instruction, and 

growth mindset is still scarce. 

This study aims to examine how OTL 

provided through the MLM course supports the 

development of growth mindset among pre-

service mathematics teachers, and whether 

continuation into the VLM course further 

enhances this effect. By analyzing differences in 

mindset and OTL between students who enrolled 

only in MLM and those who also took VLM, this 

study contributes to the growing body of evidence 

on how reflective, project-based instruction can 

shape not only skills, but also the learning beliefs 

of future educators. In this light, a growth mindset 

is not merely a desirable personal trait, but a 

foundational professional competence that 

mathematics teachers must develop to thrive in 

dynamic classroom environments and support 

diverse learners effectively. 

 

Method 

This study employed a quantitative 

comparative design to investigate the differences 

in growth mindset and opportunity to learn (OTL) 

among Mathematics Education students based on 

their enrollment in the Manipulative Learning 

Media (MLM) course and the elective Virtual 

Learning Media (VLM) course. The design is 

non-experimental as it does not involve 

manipulation of variables, but rather compares 

naturally occurring groups. For project-based 

learning activities in MLM courses and VLM 

courses, it is shown with the following scheme.
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Figure 1. Learning Activities Design of MLM 

Course 

Figure 2. Learning Activities Design of VLM 

Course 

 

The Manipulative Learning Media (MLM) 

course is designed to guide students through a 

structured, project-based cycle of developing 

concrete teaching aids for mathematics learning. 

Figure 1 shows that MLM course is addressed in 

which the learning process begins with an 

introduction to manipulative media and proceeds 

with identifying classroom-based problems and 

conducting a needs analysis. Students then 

brainstorm and present ideas for physical 

instructional tools, followed by iterative stages of 

construction, assessment, and revision. After 

trialing their media in school settings, students 

refine their designs before showcasing them in an 

exhibition. This process culminates in the 

publication of their work, allowing students to not 

only apply pedagogical theories but also 

experience authentic learning product 

development. Meanwhile, the Virtual Learning 

Media (VLM) course adopts a similar 

pedagogical structure but focuses on digital 

environments. Figure 2 represents learning 

trajectories how VLM course is conducted as 

exploring the fundamentals of virtual media, 

students identify educational challenges and 

brainstorm technology-integrated solutions. They 

develop digital tools such as interactive 

worksheets or simulations and validate their 

feasibility through school-based trials and 

empirical testing. Media products are then 

evaluated, refined, and presented in exhibitions. 

The course emphasizes digital literacy, creativity, 

and evidence-based design, offering students the 

opportunity to transform technological tools into 

meaningful learning experiences. Both courses 

aim to foster critical thinking, reflection, and a 

growth-oriented mindset through authentic, 

iterative, and collaborative learning tasks. 
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The participants were undergraduate 

students from the Mathematics Education study 

program at Universitas Negeri Makassar, South 

Sulawesi, Indonesia. A purposive sampling 

technique was used to select students who had 

completed the MLM course, with some also 

having enrolled in the VLM course. The total 

sample consisted of 85 students: 50 students who 

had taken only MLM and 35 students who had 

taken both MLM and VLM.  

Data were collected using a self-developed 

Likert-scale questionnaire consisting of two main 

sections: growth mindset and opportunity to learn. 

The scale ranged from 1 (strongly disagree) to 4 

(strongly agree). All items were validated through 

expert judgment and tested for internal 

consistency using Cronbach's Alpha, with 

reliability coefficients above 0.70 for both scales. 

The growth mindset scale consisted of 7 items 

developed based on Dweck's theory (Dweck, 

2006), covering five indicators: (1) belief in the 

ability to grow intelligence, (2) attitude toward 

challenges, (3) perseverance, (4) acceptance of 

feedback, and (5) focus on learning processes. 

The OTL scale consisted of 11 items grouped into 

three components: (1) OTL in MLM: items 

reflecting opportunities for exploration, 

creativity, project-based tasks, and reflective 

thinking. (2) OTL in VLM: items measuring 

digital media creation, use of tools such as 

GeoGebra, and confidence in technology use. (3) 

General OTL: items assessing cumulative 

learning experiences and perceived personal 

development through project-based courses. 

Descriptive statistics were used to examine 

the means and distribution of growth mindset and 

OTL scores across the two groups. Independent 

samples t-tests were conducted to identify 

significant differences between students who took 

only MLM and those who took both MLM and 

VLM. All statistical analyses were performed 

using SPSS (latest version) with a significance 

level set at 0.05. 

  

Results and Discussion 

In this section, it is explained the results of 

research and at the same time is given  

the comprehensive discussion. Results can be 

presented in figures, graphs, tables and others that 

make  

the reader understand easily (Baier et al., 2019), 

(Flanagan et al., 2020). The discussion can be 

made in several sub-sections. 

This study aimed to investigate the effect of 

opportunity to learn (OTL) on the development of 

students' growth mindset through the 

Manipulative Learning Media (MLM) course, 

and to examine whether continued learning 

through the Virtual Learning Media (VLM) 

course enhances this effect. The analysis focused 

on differences between students who completed 

only MLM and those who took both MLM and 

VLM, as well as the correlation between 

perceived learning opportunities and mindset 

growth. As the initial focus is to compare those 

who belong to the MLM class and the 

combination between MLM and VLM. For this 

reason, a comparison of opportunity to learn and 

growth mindset is shown in the following table 1.  

 

Table 1. Comparison of Mean Scores for Growth Mindset and Opportunity to Learn 

Group N Growth Mindset (M ± SD) OTL (M ± SD) 

MLM Only 47 3.47 ± 0.44 3.39 ± 0.54 

MLM + VLM 54 3.58 ± 0.35 3.60 ± 0.57 

t-test - t = -1.41, p = 0.161 t = -1.88, p = 0.064 
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Table 1 shows that the independent samples 

t-test revealed that students who completed both 

the MLM and VLM courses reported a higher 

growth mindset score (M = 3.58, SD = 0.35) 

compared to those who only completed the MLM 

course (M = 3.47, SD = 0.44). However, this 

difference was not statistically significant (t = -

1.41, p = 0.161). Despite the non-significant 

result, the findings suggest that participation in 

the MLM course alone provides a substantial 

foundation for developing a growth mindset. This 

is consistent with Dweck’s theory, which 

emphasizes that learning environments fostering 

effort, challenges, and feedback can strengthen 

the belief that intelligence and abilities are 

malleable through sustained practice and 

learning. 

 
Figure 3. Comparison of mean Growth Mindset scores between students who enrolled only in the Manipulative Learning Media 

(MLM) course and those who participated in both the MLM and Virtual Learning Media (VLM) courses. While the MLM + VLM 

group showed a slightly higher average score, the difference was not statistically significant (p = 0.161). 

Figure 4. Comparison of mean Opportunity to Learn (OTL) scores between the MLM-only group and the MLM + VLM group. 

The MLM + VLM group demonstrated a higher perceived OTL, with the difference approaching statistical significance (p = 

0.064), suggesting added instructional value through the integration of digital media tools. 

 

Figures 3 and 4 present a comparison of 

average scores in Growth Mindset and 

Opportunity to Learn (OTL) between two student 

groups: those who only completed the 

Manipulative Learning Media (MLM) course and 

those who completed both MLM and Virtual 

Learning Media (VLM) courses. 

In Figure 3, the MLM + VLM group 

displays a slightly higher mean score in Growth 

Mindset (M = 3.58) compared to the MLM Only 

group (M = 3.47). However, the independent 

samples t-test confirmed that this difference is not 

statistically significant (p = 0.161). This suggests 

that the MLM course alone provides an effective 

foundation for cultivating a growth mindset, 

consistent with structured, reflective, and project-

based learning principles aligned with Dweck’s 

theory. 

In contrast, Figure 4 reveals a more visible 

difference in Overall OTL scores between the 

groups. The MLM + VLM group reported a 

higher mean OTL score (M = 3.60) than the MLM 

Only group (M = 3.39), with the difference 

approaching statistical significance (p = 0.064). 

This indicates that the VLM course offered added 

value by enhancing students’ perceptions of 

learning opportunities—particularly through 

digital tool engagement and technology-driven 

instructional tasks. These results underscore the 

role of extended, technology-integrated project-

based instruction in enriching students’ 

educational experiences and perceptions of 

learning accessibility. 
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Descriptive results revealed that students 

expressed strong positive perceptions of learning 

opportunities within the Manipulative Learning 

Media (MLM) course. High scores were reported 

for items such as “The tasks in MLM helped me 

understand the material more deeply” (M = 3.44, 

SD = 0.56) and “The MLM course encouraged me 

to think critically and reflectively” (M = 3.60, SD 

= 0.49). These findings affirm the importance of 

project-based learning in promoting cognitive 

engagement and reflective practice. According to 

Blumenfeld et al. (C et al., 1991), project-based 

environments that center on meaningful tasks 

allow students to actively construct knowledge, 

sustain motivation, and develop problem-solving 

skills. This aligns with Dweck’s theory of growth 

mindset, which emphasizes that learning 

environments which provide challenges, effort-

driven success, and iterative feedback foster 

beliefs in personal development and intelligence 

malleability (Dweck, 2006). Furthermore, these 

results resonate with the Opportunity to Learn 

(OTL) framework proposed by Kurz et al. (Kurz, 

2011), where effective learning arises from 

meaningful access to curriculum through deep 

engagement, time on task, and task relevance. 

Further analysis showed a more substantial 

difference in overall OTL scores. Students who 

completed both the MLM and Virtual Learning 

Media (VLM) courses reported a higher OTL 

score (M = 3.62, SD = 0.38) compared to those 

who only enrolled in MLM (M = 3.44, SD = 0.39). 

Although the result approached statistical 

significance (t = -1.97, p = 0.054), it indicates that 

continued learning through VLM contributed 

additional value to students’ educational 

experiences. The VLM course, which emphasized 

digital platforms such as GeoGebra and the design 

of virtual worksheets, extended students’ 

opportunity to explore, create, and apply 

knowledge in technologically enriched contexts. 

This was reflected in the high score for the item 

“VLM gave me the opportunity to explore the 

potential of digital learning” (M = 3.67, SD = 

0.47). These findings support the interpretation 

that while MLM offers a strong foundation for 

OTL through tangible and reflective tasks, the 

inclusion of VLM enhances learning by 

broadening access to digital exploration and 

reinforcing students’ adaptive learning beliefs. 

This layered instructional design reflects the 

integrated effect of project-based pedagogy, 

opportunity to learn, and mindset-supportive 

learning ecosystems (Annetta et al., 2018; Dweck, 

2006; Setiawan et al., 2024). 

Descriptive results revealed that students 

expressed consistently positive perceptions of 

learning opportunities within the Manipulative 

Learning Media (MLM) course. For instance, the 

statement “The tasks in MLM helped me 

understand the material more deeply” received a 

mean score of M = 3.47 (SD = 0.59), while “The 

MLM course encouraged me to think critically 

and reflectively” achieved M = 3.57 (SD = 0.55). 

These findings affirm the pedagogical value of 

project-based learning in fostering cognitive 

engagement and reflective practice, aligning with 

Blumenfeld et al. emphasis on meaningful task-

centered environments. 

Building on this foundation, analysis of the 

Virtual Learning Media (VLM) course outcomes 

revealed that the statement “VLM gave me the 

opportunity to explore the potential of digital 

learning” earned a high mean score of M = 3.61 

(SD = 0.58). This suggests that technology-

enriched environments further enhance students' 

perceived learning opportunities, supporting 

Dweck’s theory that environments offering 

challenge and feedback nurture the belief in the 

malleability of abilities. 

Together, the integration of MLM and VLM 

reflects a layered instructional design where 

tangible, hands-on learning is complemented by 

digitally enriched experiences. This finding aligns 

with Kurz et al. Opportunity to Learn (OTL) 

framework, highlighting that structured access to 

cognitively rich, relevant, and reflective tasks can 
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cultivate adaptive and growth-oriented 

educational beliefs among pre-service teachers. 

Table 2. Pearson Correlation between OTL and Growth Mindset 

 Mindset Composite Score OTL Composite Score 

Mindset Composite 

Score 

1 0.747 

OTL Composite 

Score 

0.747 1 

 

Table 2 highlights a positive and strong 

correlation between Opportunity to Learn (OTL) 

and Growth Mindset, with a Pearson correlation 

coefficient of r = 0.747, p < 0.001. This 

statistically significant relationship suggests that 

students who perceived greater learning 

opportunities—particularly those involving 

exploration, critical reflection, and iterative 

project-based experiences—tended to report 

stronger beliefs in their ability to grow 

intellectually. As illustrated in the scatterplot 

(Figure 5), enhanced perceptions of access to 

meaningful and engaging learning tasks are 

closely associated with a greater endorsement of 

growth-oriented beliefs, reinforcing the 

importance of instructional environments that 

prioritize challenge, feedback, and sustained 

engagement. 

 
Figure 5. Scatter plot illustrating the relationship between students’ Opportunity to Learn (OTL) scores and their Growth 

Mindset scores. The positive and statistically significant correlation (r = 0.747, p < 0.001) indicates that higher perceptions of 

learning opportunities are associated with stronger growth-oriented beliefs. The trendline and confidence interval suggest a 

consistent upward relationship between these two constructs. 

 

As illustrated in Figure 5, these findings 

highlight the importance of not only measuring 

students’ perceptions of learning opportunities, 

but also examining how such opportunities are 

structurally embedded within the learning 

environment. In the Manipulative Learning 

Media (MLM) course, students participate in 

iterative cycles of designing, constructing, and 

refining tangible media. This hands-on 

engagement fosters deeper exploration of 

mathematical concepts, promotes critical 

thinking, and provides meaningful formative 

feedback. These instructional experiences 

cultivate persistence, reflective practice, and a 

sense of agency—hallmarks of a growth mindset 

as proposed by Dweck. 

https://ij.lafadzpublishing.com/index.php/IJEDL/index


Nasrullah et al  Analyzing Growth Mindset Based on Opportunity to Learn in Project-

Based Manipulative and Virtual Learning Media Courses 

 

https://ij.lafadzpublishing.com/index.php/IJEDL/index   240 

Complementing this, the Virtual Learning 

Media (VLM) course extends learning into the 

digital domain. Students are encouraged to 

navigate platforms such as GeoGebra, design 

interactive virtual worksheets, and adapt 

instructional strategies using digital tools. This 

integration of technology enhances both the 

accessibility and adaptability of the learning 

process. 

Consistent with the Opportunity to Learn 

(OTL) framework by Kurz et al., the impact of 

these learning experiences is amplified when 

instructional activities align with curriculum 

goals and are delivered through authentic, 

cognitively demanding tasks. The statistically 

significant and strong correlation observed 

between OTL and Growth Mindset (r = 0.747, p < 

0.001) supports the interpretation that well-

structured, multimodal learning environments not 

only increase perceived access to learning but also 

reinforce students’ beliefs in their capacity to 

grow and improve intellectually. 

From the OTL perspective, Kurz et al. 

(Kurz, 2011) and Schmidt and McKnight (Cogan 

& Schmidt, 2015) note that curriculum access 

alone is insufficient; students must be engaged 

through high-quality, sustained, and purposeful 

tasks. The near-significant difference in OTL 

scores between groups suggests that the addition 

of digital components in the VLM course offered 

expanded and diversified learning opportunities. 

The integrated use of physical and virtual media 

allowed students to experience rich and 

complementary learning contexts. 

Furthermore, these findings support 

existing research in teacher education. Setiawan 

et al. (Setiawan et al., 2024) and Annetta et al. 

(Annetta et al., 2018) emphasize the importance 

of reflective, structured, and technologically 

enhanced learning environments in building 

adaptive learning beliefs. This study also 

resonates with Megawanti et al. (Megawanti et al., 

2024), who found that growth in mathematics 

mindset is closely tied to instructional design that 

promotes metacognitive awareness and 

exploratory learning. 

Taken together, the results emphasize the 

significance of well-structured, project-based 

learning environments in shaping both students’ 

perceived opportunity to learn and their internal 

beliefs about the learning process. The 

Manipulative Learning Media (MLM) course lays 

a robust foundation through tangible, hands-on 

experiences that foster critical thinking and 

conceptual understanding. Building upon this, the 

Virtual Learning Media (VLM) course expands 

students’ digital competencies and deepens 

reflective engagement through technology-

enhanced tasks. These findings highlight the 

value of integrating both physical and virtual 

learning modalities within teacher education 

programs to cultivate future educators who are not 

only confident and adaptable, but also firmly 

grounded in a growth-oriented mindset. 

These belief transformations suggest more 

than individual motivation—they represent a 

readiness to adopt a reflective and adaptive stance 

essential for professional teaching practice. In 

mathematics education, where misconceptions 

and learning challenges are common, fostering 

such resilience is especially critical. 

  

Conclusion 

This study examined how opportunity to 

learn (OTL) through project-based courses—

Manipulative Learning Media (MLM) and Virtual 

Learning Media (VLM)—influences the 

development of a growth mindset among pre-

service mathematics teachers. The findings 

showed that while the MLM course alone 

provided strong learning opportunities that 

supported foundational aspects of growth 

mindset, the continuation into the VLM course 

offered extended benefits, particularly in terms of 

technological exploration and digital engagement. 

Although the difference in growth mindset 

scores between the MLM and MLM and VLM 

groups was not statistically significant, both 
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groups demonstrated high average scores, 

suggesting that the structured and reflective 

nature of MLM was already effective in fostering 

growth-oriented beliefs. More notably, the OTL 

scores showed a near-significant difference 

favoring the MLM and VLM group, indicating 

that continued project-based engagement through 

digital platforms enhances students’ perceptions 

of meaningful learning opportunities. 

The positive and moderately strong 

correlation between OTL and growth mindset (r = 

0.639) further confirms that well-designed 

instructional environments—those grounded in 

challenge, creativity, and reflection—can play a 

significant role in shaping students’ learning 

beliefs. These findings are in line with Dweck’s 

theory of growth mindset, Blumenfeld’s model of 

project-based learning, and Kurz’s OTL 

framework, which together emphasize the 

importance of intentional, feedback-rich, and 

authentic learning contexts. 

The development of growth mindset 

through structured opportunity to learn is not only 

beneficial for student engagement but is 

instrumental in shaping reflective, resilient, and 

professionally adaptive mathematics teachers 

(Nasrullah & Bachtiar, 2021; Ruslan et al., 2018). 

Embedding such experiences in teacher 

preparation ensures they are equipped to navigate 

the complexities of real classroom contexts. The 

results of this study provide valuable insights for 

curriculum developers and educators in 

mathematics teacher education. First, it is 

recommended to maintain and enhance the 

project-based structure of the MLM course, 

ensuring it remains a platform for reflective and 

hands-on learning. Second, institutions should 

consider formally integrating digital media 

development (such as in VLM) as a core part of 

teacher preparation, to equip students with the 

mindset and technological competence required 

in modern classrooms. 

Future studies may employ longitudinal or 

mixed-method approaches to investigate how 

sustained project-based learning over time 

influences mindset development and instructional 

identity formation among pre-service teachers. 
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