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Abstract

The use of digital technology in mathematics education has gained significant interest over the
past few years with the rapid development of technology and the changing practices in
education all around the world. Technology-enhanced learning of mathematics has been
increasingly used to enhance conceptual understanding, engagement and problem-solving
skills of the students. This study was an attempt to identify and synthesize the pedagogical
opportunities of technology enhanced mathematics learning and examine the practical
constraints associated with the integration of technology in mathematics education. This
research is a systematic review of the studies published between 2020 and 2025 concerning the
pedagogical opportunities and practical limitations regarding the use of technology in
mathematics education. Following the PRISMA framework, a systematic identification,
screening, and analysis of peer-reviewed journal articles were performed. After a rigorous
selection process eighteen studies were identified to have met the predefined inclusion criteria,
and included in the final review. The selected studies were analyzed with the method of
thematic analysis used to identify recurring patterns in the literature and key themes. The results
indicated that technology-enhanced mathematics learning provides important pedagogical
opportunities such as better conceptual understanding, better student motivation, and
development of higher-order thinking skills as well as individualized learning experiences and
inclusive education support. However, persistent practical problems were also identified,
including insufficient preparedness of teachers, insufficient technological infrastructure, digital
inequity, misalignment of curriculum and ethical issues concerning artificial intelligence. The
findings in this study conclude that while technology has great potential to transform
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mathematics education, the effectiveness of technology depends on pedagogical alignment,
teacher competence and institutional support. Addressing these constraints is crucial to
ensuring sustainable and meaningful integration of technology in mathematics classrooms.

Keywords: technology-enhanced learning, mathematics education, digital technology,
pedagogical opportunities, practical constraints, systematic review

1. Introduction

Mathematics is one of the subjects which is so central in the development of logical
reasoning, analytical thinking and problem-solving skills which are essential skills in today's
society. Mathematical knowledge is important not only for success in the classroom, but also
for success in an increasingly technological world. Despite its importance, many students
perceive mathematics as abstract and difficult. Such perceptions usually lead to low levels of
achievement, no motivation and negative attitude towards learning mathematics at different
stages of education (Akcay et al., 2021). These challenges that have persisted for a long time
have resulted in the consideration of innovative approaches in the teaching of mathematics by
educators and policymakers to enhance the quality and effectiveness of teaching and learning
mathematics.

In recent years, the use of digital technology in mathematics education has been thought
to be a hot topic to address these challenges. A wide range of digital tools, including dynamic
mathematics software, mobile learning applications, artificial intelligence (Al), augmented
reality (AR) and educational robotics have changed the representation, exploration and
understanding of mathematical concepts in educational settings. These technologies facilitate
learners to visualize ideas that may be more abstract, work with mathematical representations
of'ideas and with different representations of the concept, thus facilitating deeper understanding
of the concepts and processes of learning (Canonigo, 2024; Uwineza et al., 2023). Interactive
and inquiry-based learning environments that are supported by technology permit students to
try out mathematical relationships and understand by exploration in contrast to rote procedures.

Technology enhanced mathematics learning also fits in with current pedagogical
methods which focus on learner centered teaching, problem-based learning and the acquisition
of higher order thinking skills. Digital tools are able to help promote collaboration, immediate
feedback, and different learning paths making it possible to meet different learning needs in
mathematics classrooms. For example, systems that are assisted by Al can offer adaptive
feedback and scaffold learning based on the progress of individual learners while AR apps can
help to bridge between abstract mathematical concepts and concrete visual representations
(Canonigo, 2024; Yanuarto et al., 2024). Similarly, educational robotics and modeling
environments can encourage experimentation and creativity and help put mathematical
knowledge into practice by applying it in the real world (Da Silva et al., 2025; Gok et al., 2025).

The COVID-19 pandemic further accelerated the use of digital technologies in
mathematics education, as educational institutions around the world were forced to shift rapidly
to online and blended learning models.During this period of time, the use of technology was
an important piece in the maintenance of continuity of instruction and the creation of
communication between the teacher and the learners (Driskell et al., 2025). However, as this
shift was taking place, it became apparent that there are some significant challenges to the use
of digital technologies in flexible learning environments. Issues like digital inequality and low
infrastructure, positive access to units and capacity of teacher preparedness particularly came
to the fore, especially in developing and resource constrained contexts (Mathrani et al., 2021).
These challenges emphasized how the success of technology integration is not only dependent
on the availability of digital tools but also on wider systemic, pedagogical and institutional
conditions.
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As there have been studies on technology enhanced learning of mathematics that have
exploded in the past couple of years, there are more and more empirical and review-based
studies that explore the effects of various types of digital technologies on a variety of education
levels and settings. As well as to conceptual understanding, many studies report positive
outcomes in relation to the increase of student's engagement, motivation and development of
problem-solving skills (Poce et al., 2023; Gusteti et al., 2025). At the same time, for instance,
the inadequate quality of teacher competence, the mismatch between curricula, the lack of
professionally competent development and the ethical issues related to the new technologies,
especially artificial intelligence have been mentioned in other researches that reflect on the
constraints that have remained unaltered (Moila, 2024; Goktepe Yildiz & Goektepe Korpeoglu,
2025).

The array of results across studies appear to suggest that whilst the potential for
technology to revolutionize the teaching of mathematics is great, there is no uniformity or
guarantee of impact. Technology can be a great pedagogical tool, if properly integrated in
teaching and learning and along with a proper teacher training and institutional resources. On
the other hand, with no pedagogical alignment and not enough support, in case of lack of
pedagogical alignment, the potential of technology is superficial and with the least educational
benefit (Kadluba et al., 2025; Hidayat & Firmanti, 2024). This complexity makes it important
to have a systematic synthesis of recent research to identify common trends, pedagogical
opportunities and practical constraints associated with technology enhanced mathematics
learning.

Given the booming and fragmented nature of literature, a systematic review is needed
to provide a comprehensive and balanced picture on the current use of digital technologies in
mathematics education under what conditions they are most successful. Such a synthesis is
potentially informative to instructional practices, teacher professional development, and policy
decisions related to the sustainable integration of technology in mathematics education.
Therefore, this current research project conducts a systematic review in relation to peer-
reviewed literature articles, published during the last five years between 2020 and 2025, which
seeks to discuss the use of technology in mathematics education in a present-day educational
context.

1.1 Research Objectives

The objectives of this study were as follows:

e To identify and synthesize the pedagogical opportunities of technology-enhanced
mathematics learning reported in recent research.

e To examine the practical constraints and challenges associated with the integration of
technology in mathematics education.
By addressing these objectives, this study aims to contribute to a better understanding
of potential and limitations of technology-enhanced mathematics learning and to
support informed decision-making for educators, researchers, and policymakers
seeking to promote meaningful and equitable technology integration in mathematics
education.

1.2 Significance of the Study

This research is significant in light of the fact that it provides a comprehensive synthesis
of the latest research on technology enhanced mathematics learning. By delving into the
pedagogical potential and the practical challenges of integrating digital technologies in
mathematics education, the review can offer valuable insights for educators, researchers and
policymakers.
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For teachers and educational practitioners, the findings highlight the educational
potential of using digital technologies such as artificial intelligence, augmented reality, mobile
learning applications and educational robotics, to create better conceptual understanding,
student engagement and the development of higher order thinking proficiencies in mathematics
learning. The study also highlights the need of pedagogically meaningful integration of
technology and not just the adoption of digital tools for instructional delivery.

For policymakers and educational institutions, the review highlights some key
challenges, such as insufficient technological infrastructure, digital inequality, lack of impaired
alignment between curriculum and instruction and insufficient teacher preparedness.
Understanding these constraints can be useful in promoting more effective policies,
professional development programs and institutional strategies for promoting the long-term
and equitable integration of technology in mathematics education.

Furthermore, this study attempts to add to the emerging research by synthesizing the
latest research conducted during the period of 2020-2025, so it can provide an updated view on
the changing role of digital technologies in mathematics education in the post-pandemic
educational context.

1.3 Delimitations of the Study

This study is delimited to peer-reviewed journal articles dealing with the use of digital
technologies in mathematics education. The review includes studies published between 2020
and 2025 in order to ensure that the review reflects recent developments in the field of
technology-enhanced mathematics learning. Only articles written in the English language and
available in full text were considered in the selection process.

The focus of this review is on the studies that focus on pedagogical opportunities and
practical limitations related to the integration of digital technologies such as artificial
intelligence, augmented reality, mobile learning applications, interactive mathematics
software, and educational robotics in mathematics education. Conference papers, theses,
dissertations, book chapters, editorials and opinion articles were not included in the review.

Therefore, the results of this study should be interpreted in the context of the databases
used in this study, the time of publication, language criteria and parameters of inclusion and
exclusion in the process of systematic review.

2. Materials and Methods

This study used systematic literature review methodology guided by the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework in order to
ensure transparency, methodological rigor, and reproducibility throughout the literature review
process. A systematic review approach was deemed appropriate as it enabled the systematic
and comprehensive synthesis of the literature on the topic of technology-enhanced mathematics
learning, especially in the areas of pedagogical opportunities and practical constraints as
reported in recent research.

2.1 Search Strategy

A thorough literature search was performed to identify relevant peer-reviewed studies
on the topic of technology-enhanced learning of mathematics. Major academic databases were
used to ensure that the best possible coverage of high-quality educational research is obtained,
such as Google Scholar, ERIC, Scopus and selected digital libraries of publishers. The search
strategy included the use of various keyword combinations such as "technology-enhanced
mathematics learning," "digital technology in mathematics education," "artificial intelligence
in mathematics," "augmented reality mathematics," "mobile learning mathematics" and
"educational robotics mathematics." These keywords were used with the help of Boolean
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operators in order to obtain the maximum number of relevant studies. To ensure the relevance
and currency of the literature, the search was limited to peer-reviewed journal articles from the
years 2020 and 2025. Only studies published in the English language, and full text documents
were considered for further screening.

2.2 Inclusion and Exclusion Criteria

In an attempt to keep things consistent and methodologically sound, well-defined
inclusion and exclusion criteria were created prior to the screening process. Studies were
included if they were in the form of peer-reviewed journal articles having explicit reference to
mathematics education and explored the use of digital or emerging technologies in the teaching
or learning of mathematics. Eligible studies might be empirical research based on quantitative
or qualitative or mixed method approaches or systematic or bibliometric study reviews of
relevance for technology integration in mathematics education. Eligible studies included in the
review included the following: studies published between the timeframe of 2020 to 2025 and
available in full text in the English Language. Studies were excluded based on the nature of the
study (conference papers, theses, dissertations, and book chapters, editorials or opinion pieces),
if the study did not explicitly focus on mathematics education, if the study only focused on the
development of technical systems and no educational application, if the study fell outside of
the selected publication period or if full text access was not available.

2.3 Screening and Selection Process

The screening and selection process were carried out in several stages following the
guidelines described in the PRISMA guidelines. At first, the search of the database gave quite
a large number of records from which the duplicate records were detected and removed. The
remaining records were then screened based on their titles and abstracts, to determine their
relevance to the objectives of the review. Studies which seemed relevant at this stage were
subjected to full text evaluation in which all articles were thoroughly evaluated against the
predetermined inclusion and exclusion criteria. Articles that did not conform to these criteria
were excluded in this phase. Following this rigorous screening and selection process a total of
eighteen studies were deemed eligible and selected for final analysis. The process of overall
selection has been summarized using a PRISMA flow diagram, which illustrates the process of
identification, screening, eligibility determination and inclusion.

Figure 1: PRISMA Flow Diagram

Google Scholar
n=1248
Title, abstract, and Excluded
keywords review — papers
n=912 n =894

Total papers for review
n=18
319




3. Data Analysis

Data analysis was carried out by using thematic analysis approach. Each of the selected
studies was systematically reviewed to extract the most important information related to
research design, education level, and type of technology used, pedagogical benefits reported
and challenges identified to technology integration. The data extracted from the studies were
then compared between different studies to identify recurring patterns and common themes. In
accordance with the aims of this systematic review, the results were synthesized and grouped
under two general analytical themes, pedagogical opportunities of technology-enhanced
mathematics learning and practical constraints associated with the integration of technology in
mathematics education. This thematic organization made possible a structured interpretation
of the findings and ensured a clear link between the results of the review and the stated research
objectives.

4. Results

The findings of this systematic review are organized according to the two purposes of
the research: (1) finding pedagogical opportunities of technology-enhanced mathematics
learning and (2) analyzing the practical constraints involved in the integration of technology in
mathematics education. Prior to presenting these findings an overview of the distribution of the
publications included in the review is presented in order to set the scope and focus of the
analyzed studies.

4.1 Distribution of Publications

The eighteen studies considered in this systematic review were published between 2021
and 2025 indicating that there is a growing research interest in the application of technology in
mathematics learning in this period of time. It is noticeable a greater number of publications in
2024 and 2025 as a response to a greater scholarly interest after the massive use of digital
technologies during and after the pandemic of Covid-19. This trend means that technology
integration in the field of mathematics education has shifted from being a temporary solution
to emergency remote teaching to being sustained research.

The reviewed studies included a wide variety of technology types (e.g., interactive
mathematics software, mobile learning software, artificial intelligence, augmented reality,
educational robotics, and technology-supported instructional models). In addition, several
studies focused on teacher-related issues, such as professional competence, instructional
practices, preparedness to integrate technologies, and systemic issues, such as alignment of
curriculum and inequality of digital.

In line with the aim of this review, all the studies were selected into two broad areas of
research - pedagogical opportunities and practical constraints. Many studies discussed both
areas together demonstrating the complex and interrelated nature of benefits and challenges
related to technology-enhanced mathematics learning. This dual focus emphasizes the
importance of not only looking at what technology can do, but what are the conditions that
must exist for effective and equitable implementation of technology.
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Table 1: Distribution of publications

Research Publication | Number References
Area Year(s) of Papers
Pedagogical 2021-2025 12 Akcay et al. (2021); Canonigo (2024); da
Opportunities Silva et al. (2025); Engelbrecht & Borba

(2024); Gok et al. (2025); Gusteti et al.
(2025); Pogan et al. (2023); Uwineza et al.
(2023); Yanuarto et al. (2024); Mayrhofer
etal. (2025); St Omer et al. (2025); Hidayat

& Firmanti (2024)
Practical 2021-2025 11 Mathrani et al. (2021); Moila (2024);
Constraints Mpuangnan (2024); Kadluba et al. (2025);

Driskell et al. (2025); Engelbrecht & Borba
(2024); St Omer et al. (2025); Goktepe
Yildiz & Goktepe Korpeoglu (2025);
Hidayat & Firmanti (2024); Mayrhofer et
al. (2025); Akcay et al. (2021)

Note: Several studies addressed both pedagogical opportunities and practical constraints;
therefore, the total number of papers across research areas exceeds the total number of
included studies (18).

4.2 Pedagogical Opportunities

The results of this systematic review show that there is a great pedagogical opportunity
for technology enhanced mathematics learning, in terms of different educational levels and
learning contexts. One of the most reported favorable results in the reviewed literature is of
increased student concept understanding of the mathematics ideas. Digital technologies,
including interactive mathematical software, dynamic visualization and augmented reality
software, can help learners explore abstract mathematical concepts in a more concrete and
meaningful way. Through providing students with an opportunity to manipulate variables,
make observations in real-time and interacting with multiple representations of mathematical
concepts, technology-supported environments give students more conceptual engagement than
traditional static instructional approaches (Uwineza et al., 2023; Yanuarto et al., 2024). These
interactive features assist learners in making sense using exploration and experimentation
instead of memorization or procedure practice of the skills.

Artificial intelligence-based tools are applied to these pedagogical opportunities even
further with adaptive feedback and personalized learning supports. Al-driven systems are
capable of analyzing the response of the learners and giving step-by-step explanations
depending upon the needs of the individual. Canonigo (2024) showed that artificial intelligence
supported learning environments can have far reaching effects on conceptual understanding of
the students through identification of any misconception and guiding the same in the same.
Such personalized feedback mechanisms help the learner in progressing at his/her own pace
and these feedback mechanisms support the learner at the moment of need which is quite a
tricky proposition in heterogeneous class settings. As a result, technologies based on Al are not
only contributing to a better understanding, they are contributing to learner confidence and
learner autonomy in mathematics learning.

Another notable pedagogical opportunity which can be noticed in the reviewed studies,
is to increase engagement and motivation of students. Numerous studies found that technology
contributed to learning environment support increased participation, interest and positive
attitudes toward mathematics learning. Mobile learning applications and gamified platforms
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along with augmented reality activities provide aspects of interactivity, flexibility and novelty
that encourage engagement and extended attention (Pogan et al., 2023; Gusteti et al., 2025).
These environments worked especially well if they provided opportunities for learner
autonomy, exploration and collaboration rather than consumption of content. By allowing
students to work on mathematical tasks in non-boring and meaningful ways, technology to help
in reducing the anxiety and poor perceptions associated in mathematics learning.

Technology enhanced mathematics learning is also important in encouraging students
to develop problem solving skills and higher order thinking skills. Several studies highlighted
the importance of dynamic modeling tools and Flipped learning approach with Inquiry based
learning and mathematical reasoning. For instance, Gok and his colleagues had discovered that
mathematical modeling tasks supported by technology enabled pre-service teachers to play
with mathematical ideas, test hypotheses and collaborate with peers to solve complex problems
(Gok et al. 2025). Such activities promoted analytical thinking and reflective thinking as well
as use of mathematics knowledge in real world situations. By shifting the focus of learning
from the procedural to the conceptual and problem-solving, approaches made possible with the
aid of technology contribute to deeper and more meaningful learning experiences.

In addition to the cognitive and motivational benefits, the possibilities of technology
regarding personalized and inclusive learning in learning mathematics were the focus of this
review of literature. Adaptive learning systems and educational robotics were shown to deal
with the variety of learner requirements by adapting the content, pace and feedback of
instruction. In particular, Da Silva et al. (2025) demonstrated that the activities exploiting
robotics-based learning were quite efficient in helping to support learning difficulties between
students, in terms of increased motivation, collaboration, and engagement. These findings
suggest that technology-enhanced learning environments has a role to play in the more
inclusive practices in the classroom by providing alternate pathways for those learners that may
struggle in traditional instructional environments. Through personalization and flexibility,
technology has the potential to promote equity and access in mathematics education.

Furthermore, several studies based on review presented that the technology integration
is allowing the adoption of innovative pedagogical ways in mathematics education.
Engelbrecht and Borba (2024) and St Omer et al. (2025) stressed the fact that digital
technologies are supportive of instructional models including blended learning, flipped
classrooms and collaborative online environments. These pedagogical approaches provide the
teacher with the freedom to restructure the time allocated for instruction, to shift the focus of
instruction away from direct instruction, and to place more emphasis on conceptual
understanding and discussion and problem-solving in the classroom interactions. By virtue of
technology, students centered learning environment is supported within which students actively
construct knowledge through interaction and collaboration.

Overall, a review of the literature reveals that technology enhanced mathematics
learning provides many pedagogical opportunities including enhanced conceptual
understanding, stimulated engagement and motivation, development of problem-solving skills
and higher order thinking skills, personalization and inclusiveness of learning, and use of
innovative pedagogical approaches. These opportunities are testimonies to the transformative
potential of digital technologies in mathematics education, if they are well-integrated in an
educational design: However, realization of these benefits requires careful alignment of
technology, pedagogy and learning objectives and appropriate support for teachers and
learners. The pedagogical opportunities identified in this review, provide a good basis for
understanding how technology can be included in meaningful ways in order to enhance
mathematics teaching and learning in a variety of educational contexts.
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4.3 Practical Constraints

Despite all the strong pedagogical benefits identified, the studies reviewed also
provides some indication of the amount of practical constraints that inhibit the effective
incorporation of technology in mathematics education. One of the most common problems
raised is one of teacher preparedness and teacher professional competence. Many studies
reported that teachers did not have adequate technological and pedagogical knowledge to
incorporate digital tools in a meaningful way in the mathematics classroom. As a result, the
application of technology was frequently for the main reasons facilitating content delivery or
presentation instead of facilitating student-centered and inquiry-based learning (Moila, 2024;
Mpuangnan, 2024).

The access to professional development and poor ongoing supports are examples that
are highlighted in the literature and contribute to this challenge. Teachers are lacking in
confidence or training with the digital tool can be resistant to technology integration, or have
surface applications that do not improve learning outcomes. Driskell et al. (2025) have pointed
out that while many of the technologies adopted during emergency remote teaching has
continued to be used post that time, their instructional application has most times been limited
without targeted professional learning opportunities.

Another important constraint that has been found across studies is of infrastructure
limitations and digital inequality. Limited access to digital devices, unreliable internet
connection and no technical support were common issues especially in developing and rural
settings (Mathrani et al., 2021; Joshi et al., 2023). These infrastructural barriers limit the
possibilities both for the teacher to implement technology enhanced instruction and for the
students to engage in activities which are digital in nature. As such, the insertion of technology
can lead to an unintentional increase in existing educational inequalities if problems of access
are not addressed.

Curriculum and pedagogical misalignment was also a thorny problem. Several studies
have reported the fact that technology often was introduced as an add-on, as opposed to being
embedded in curriculum goals and instructional design. Kadluba et al. (2025), if the use of
technology is not aligned with curriculum objectives it is less likely to promote deep learning
and conceptual understanding. Instead digital tools might be used for the routine practice or
assessment of students and as such are not necessarily transformative in their use.

In addition, there are practical limitations as a result of systemic and institutional
factors. Hidayat and Firmanti (2024) cited that technology integration requires favorable
policies, leadership and institutional commitment in order to be successful. Without having a
set of guidelines and resource and strategic planning, technology initiatives can be fragmented
and unsustainable. These results drive home the importance of coordinated action, at a variety
of different levels of the education system.

Finally, there are important ethical and pedagogical issues that are associated with the
increased use of artificial intelligence in mathematics education. Goktepe Yildiz and
Goekompe Korpeoglu (2025) highlighted problems that are related to data privacy, algorithmic
bias, transparency and excessive dependence on automated feedback. While there are
opportunities of personalization and efficiency with Al, its use has to be bounded by ethical
frameworks in order to ensure that it is supportive, and not detrimental, to pedagogically sound
instruction. The literature seems to indicate that these are issues that need to be proactively
addressed by the educators and policy makers in an effort to promote the responsible and
equitable use of technology.

Overall, the reviewed studies reveal that the effectiveness of technology enhanced
learning of mathematics has been hampered by the practical constraints associated with the
issues of teacher preparedness, infrastructure, curriculum alignment, institutional support and
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the ethics. Addressing these challenges is very important in order to fulfil the pedagogical
potential of digital technologies in mathematics education.

5. Conclusion

This systematic review aimed to discuss the current researches in relation to said topic
of technology enhanced mathematics learning, namely in relation to pedagogical opportunities
and practical constraints. The results show technology has great potential to improve
conceptual understanding, increase student engagement and improve problem solving skills
and develop inclusive learning practices in mathematics education. Digital tools such as
interactive software, artificial intelligence, augmented reality and the use of educational
robotics were found to support the use of learner-centered strategies and promote at deeper
levels of mathematical understanding if used in an effective way.

However, another statement was mentioned in the review that such benefits are not
automatically realized. A very important aspect here is that effective integration of technology
is dependent to a large extent on pedagogical competence of teachers; sufficient availability of
technological infrastructures and fit between technology and curriculum goals. Persistent
challenges, such as lack of prepared teacher, digital inequality, lack of alignment between the
curriculum and ethical issues about artificial intelligence, still restrict the meaningful use of
technology in the mathematics classroom.

The solution to these challenges requires concerted and sustained work on behalf of
educators, policymakers, and educational institutions. Targeted professional development,
improved access to digital resources and useful institutional policies and the creation of ethical
guidelines around the use of technology are important for ensuring that use of technology to
improve mathematics learning is effective and equitable. Future studies should continue to
work on ways to overcome such constraints as well as investigate the long term effects of
technology integration on mathematics learning outcomes in a variety of educational settings.
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