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Abstract. Introduction. In the digital age, the implementation of innovative strategies and technolo-
gy-based approaches that enhance conceptual understanding in mathematics education is becoming
increasingly essential. By utilising mobile technology, mobile seamless inquiry media (MoSIM) enables
students to engage in research activities anytime and anywhere, thereby overcoming the constraints of
traditional classroom learning. Aim. This study aims to develop and evaluate tools for MoSIM. Method-
ology and research methods. The study was conducted using the ADDIE pedagogical design model. Data
analysis included a paired t-test and growth calculation (N-gain) to evaluate improvements in conceptual
learning outcomes. Results and scientific novelty. The results indicate that MoSIM significantly enhances
students’ conceptual understanding, showing a statistically significant difference (Sig. < 0.001) and an
N-gain percentage of 72.42%. This research presents an innovative educational solution by integrating
inquiry-based learning (IBL) and seamless learning in a mobile-based format, specifically designed to
align with the learning preferences of Generation Z, who are proficient with technology. Practical sig-
nificance. MoSIM provides a practical and flexible solution for teaching abstract mathematical concepts
beyond classroom limitations. Its successful application highlights its potential to improve mathematics
education and serve as a model for integrating mobile technology into other instructional contexts.
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AnHomauus. Bgedenue. B 11udpoBylo 510Xy KPUTUUECKM BaXKHBIM CTAHOBUTCS MCIIONMb30BaHMe MHHO-
BAIVIOHHBIX CTPATETMI1 1 IIOIXO/I0B, OCHOBAHHBIX Ha TEXHOJIOIMSIX, CIIOCOOCTBYIONIVX YIIYYIIEHNIO KOH-
LEeNTYyaJIbHBIX Pe3yJIbTaTOB 00y4yeHMss MateMaTtyuke. Mcronb3oBaHue MOGWIBHBIX TexHOmoruit, MoSIM
MI03BOJISIET CTY€HTaM yYacTBOBATb B MCCIe,0BaTeIbCKIX MEPOIIPUSITHUSIX B 1I060€ BpeMst 1 B TII060M Me-
CTe, IpeooeBast OrpaHMYeH Vs TPAJUIIVIOHHOTO KIIaCCHOTO 06yueHwst. Lle1b HacTOSIIIero UCcief0oBaHusI
— pa3paboTKa U OlleHKa MOOMIIbHBIX CPEICTB «6eCIIOBHOT0» 00yUYeHMsI MCCIeL0BaTEeTbCKOM HesiTeTbHO-
ctu (MoSIM). Memodonozusi, memoost u memoduku. ViccienoBaHue 6bUIO TIPOBEAEHO C MCTIONb30BaHUEM
mogzenu neparormyeckoro ausaiiHa ADDIE. AHanu3 JaHHBIX BKJIKOYAI MTApHbBIN t-TECT U pacyeT Mpupo-
cra (N-gain) /151 OL[eHKM YTyuIleHNs] KOHLENTYaIbHBIX Pe3yJIbTaToOB 00yueHus1. Pe3ynomamol u HayuHas
HOBU3HA. Pe3ynbTaThl MOKa3bIBAIOT, UTO MOSIM 3HAUMTENBPHO Y/IydllaeT KOHIIENTyalbHOe TOHMMaHNe
CTY[IEHTOB, UTO MO TBEPKAAETCS CTAaTUCTUIECKY 3HAUMMOI pasHuIei pesynbraToB (Sig. < 0.001) 1 rpo-
ueHToMm npupocta (N-gain) 72,42 %. 3To ucciaeqoBaHKe MpeACTaBiseT MHHOBALMOHHOe 06pa3oBaTesb-
Hoe pelieHue, o6benyHsitoniee IBL 1 «6ecioBHoe o6yueHe» B MOOMIbHOM opmare, afanTMpoOBaHHOM
K XapaKTepUCTUKaM IOKOJIIeHMsI Z, KOTOpoe 06j1amaeT BbICOKOM 11 POBOi rpaMOTHOCTEIO. [Ipakmuue-
ckas 3Hauumocmos. MoSIM obecrieunBaeT MpakTUYHOE U rMOKOe pelieHue Jis pernojaBaHmus abcTpaKT-
HBIX MaTeMaTM4YeCKMX KOHLEMIMi 3a IpefenaMy OrpaHMuYeHui KiaaccHOro BpeMeHu. Ero ycriemHoe
IIpVMEeHeHMe CTYKUT MOZEbIO [/l MHTerpauuy MOOUIbHBIX TEXHOIOI M B IpyTyie yueGHbIe KOHTEKCTHI.

Kniouessie cnoea: o6yueHye Ha OCHOBE JCCIe0BaHMIt, «OeCIIOBHOE» 06yUeHMe, MOOMIIbHbIE CPeNCTBa
«BeCIIOBHOTO» OBYUeHMsT UCCIeq0BaTeNnbCKoii aesitebHoCT (MoSIM), KOHIeNTyaabHbIe Pe3ylbTaThl
o6yueHus, MaTeMaTnueckoe o6pa3oBaHue, [MUGpoBbie CTpaTeruy 06ydeHus, 06ydalommecst OKOIeHMs
Z, 06pasoBaresnbHble TeXHOIOTMM, Mofelb ADDIE

Bnazodapnocmu. ABTOPBI BbIPaKAIOT MCKPEHHIOWO G1arofapHOCTh 1) AreHTCTBY GMHAHCHPOBAHMSI BbIC-
mero o6pasoBanust (BPPT), MunucTepcTBy 06pa3oBaHusi, KYJAbTYPbl, MUCCIENOBAHMIA 1 TEXHOMOTHiA Pe-
cry6iky Uaponesust; 2) Unnonesuiickomy honny obpasosanus (LPDP), MunncrepctBy dunaHncos UH-
JIOHEe3UU 3a IIpefocTaBaeHne cruneHann nepsomy aBropy (BPI Number: 202231103391) nyist mogmepskku
3aBeplIeHNs ero ooyueHus ; 3) yunrensim matemaTuku u3 SMA Negeri 4 Singaraja 3a MX TOTOBHOCTb CO-
TPYAHUYATDb B 3TOM MCCIeIOBAaHUMA.
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Introduction

Mathematics plays a critical role in every sector of human life. Beyond its utility
in analysing real-world situations, mathematics fosters the development of critical
thinking and problem-solving skills [1, 2]. Conceptual knowledge, as emphasised by
M. A. Al Mutawah, R. Thomas, A. Eid et al. [3] and ]. Kilpatrick, J. Swafford [4], en-
ables students to relate mathematical concepts to real-life contexts and holistically
organise their understanding, underpins these abilities and better prepares them to
apply mathematics across various aspects of life. The development of such concep-
tual knowledge relies on effective learning strategies.

According to the Principles and Standards for School Mathematics [5], the pri-
mary focus of mathematics learning should be conceptual understanding, which
aligns with the nature of mathematics, which emphasises conceptual learning [3, 6].
Active engagement cultivates conceptual knowledge, empowering students to take
charge of their learning progress. However, student learning outcomes in mathe-
matics in Indonesia remain low, as evidenced by the country’s average PISA math-
ematics score of 366 in 2022, below the international average of 472 [7, 8]. Despite
the Indonesian government’s target PISA score of 388 outlined in the 2020-2024
National Medium-Term Development Plan [9], this score represents a decline from
379 in 2018, suggesting that current mathematics teaching methods are insufficient
to improve students’ conceptual learning outcomes.

The abstract nature of mathematical concepts presents significant challenges
for students [10, 11]. The limited time available for instruction further restricts the
implementation of strategies that could improve students’ conceptual learning out-
comes [12]. As a result, many teachers continue to rely on direct instructional meth-
ods that fail to engage students actively [13], contributing to a limited understanding
of mathematical concepts [14, 15, 16]. In the digital era, integrating mobile technol-
ogies into learning strategies provides a promising solution for increasing student
engagement and enhancing conceptual understanding despite time constraints in the
classroom. This study explores the effectiveness of mobile seamless inquiry media
(MoSIM), a learning strategy that combines the strengths of inquiry-based learning
(IBL) and seamless learning. We designed MoSIM to align with the characteristics of
Generation Z students, who are already accustomed to using mobile technology in
their daily lives. By implementing MoSIM, teachers can extend the teaching of ab-
stract mathematical concepts beyond the limitations of classroom time.

IBL is an active learning approach that engages students directly in the pro-
cess of discovery, helping them understand abstract mathematical concepts [17].
The research conducted by I. M. Gomez-Chacoén, A. Bacelo, . M. Marban et al. [18]
has demonstrated that this model positively influences students’ attitudes towards
mathematics. Through IBL, students learn in a manner similar to scientists: observ-
ing phenomena, posing questions, forming hypotheses, collecting data, identifying
patterns, and making generalisations [17, 18]. This process-oriented model helps
develop students’ mathematical skills, knowledge, and dispositions, ultimately im-
proving their conceptual, procedural, and metacognitive learning outcomes [19].
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Given the constraints of limited class time, implementing effective IBL requires
innovative strategies, particularly for complex subjects such as mathematics [20,
21]. In the digital era, the integration of mobile technology offers new opportu-
nities; however, there is still a lack of practical strategies for educators to balance
granting students’ freedom with providing practical support through mobile tech-
nology [22]. Seamless learning offers a solution by extending IBL beyond the formal
classroom setting, enabling students to engage in meaningful learning experiences
across various contexts [23, 24]. This strategy transforms limited learning time into
flexible, continuous learning opportunities [24, 25, 26]. In today’s digital age, mobile
technology plays a crucial role in supporting seamless learning, bridging the gap
between classroom and out-of-classroom learning environments [26, 27]. As more
and more students rely on digital devices, mobile technology has become an essen-
tial educational tool [28], which makes seamless learning not only possible but also
necessary to meet the needs of modern learners [29].

Though introduced in the 1990s, seamless learning remains new and unfamiliar
in many developing countries, including Indonesia [30]. There is still a lack of re-
search on strategies that integrate IBL and seamless learning to improve students’
conceptual mathematics learning outcomes. Previous studies have demonstrated
that the application of IBL, both inside and outside the classroom (e.g. in a flipped
classroom), effectively increases students’ motivation and self-confidence, par-
ticularly in advanced topics like chemical reactions [31]. In higher education, IBL
promotes collaboration and communication about new knowledge [21]. However,
IBL’s implementation at the K-12 level remains underexplored [21, 32]. The research
conducted by D. N. Ariani, M. S. Sumantri and F. C. Wibowo [33] on Android-based
module media to support IBL, both in and outside the classroom, has demonstrated
improvements in students’ mathematical problem-solving skills [33]. However, this
research highlights the need to develop further IBL media that go beyond static
modules and incorporate more dynamic and interactive learning activities. There-
fore, this study aims to introduce an innovative solution by developing the Mobile
Seamless Inquiry Media (MoSIM) to enhance students’ conceptual mathematics
learning outcomes.

This study seeks to answer the following research question:

1. How effective is MoSIM in enhancing students’ conceptual mathematics
learning outcomes?

Literature Review

Conceptual Mathematics Learning Outcomes

Conceptual knowledge, a type of knowledge within the cognitive domain, in-
volves understanding categories, classifications, and the relationships between
them, thus forming more complex and organised structures [34]. In mathematics,
conceptual knowledge reflects an integrated and functional understanding of ideas
that extends beyond isolated facts and methods [4, 35, 36]. As it enables students to
connect the fundamental ideas underlying relevant mathematical concepts [2] and
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directly influences their learning outcomes in mathematics [37], this foundation is
essential for developing other mathematical skills.

To enhance conceptual learning outcomes, teachers can prioritise developing
students’ conceptual knowledge by integrating diverse topics in the curriculum, fos-
tering connections across different domains, and supporting reasoning and prob-
lem-solving fluency [38]. Three key indicators serve to measure these outcomes: 1)
analysing relationships between concepts, 2) identifying examples and non-exam-
ples of concepts, and 3) expressing concepts in various representations [4]. These
indicators emphasise understanding relationships, applying knowledge flexibly, and
presenting ideas in multiple forms.

Conceptual knowledge grows through forming relationships between pieces
of information, whether by connecting new and existing knowledge or recognising
patterns across contexts [35, 36, 38]. As students build these connections, they ad-
vance from primary relationships directly tied to specific contexts to reflective rela-
tionships, where they identify underlying similarities across broader mathematical
concepts. This process deepens understanding, supporting cognitive reorganisation
essential for meaningful learning [39]. Such a relational approach aligns well with
inquiry-based learning, where students actively explore, question, and reflect on
their understanding, building and reorganising their knowledge in ways that rein-
force conceptual mastery [21].

Inquiry-Based Learning

Researchers increasingly recognise inquiry-based learning (IBL) as a practical
approach to stimulating students’ curiosity and motivation by connecting formal
education with real-life phenomena [22, 40]. While IBL in mathematics may dif-
fer in context from science education, both approaches share a core goal: engaging
students in the practices and behaviours of experts [17]. In IBL, teachers guide stu-
dents through problems that encourage them to discover and apply concepts inde-
pendently rather than directly providing facts or answers. Students engage in solv-
ing problems, making conjectures, experimenting, exploring, creating solutions,
and communicating their findings, which fosters a deeper, more conceptual under-
standing and enhances critical thinking and problem-solving skills [21].

IBL transforms students from passive learners into active participants [40]. It
redefines the role of the teacher as a facilitator who guides students, both individ-
ually and in groups, to solve problems with appropriate support [31]. The construc-
tivist theories of John Dewey and Jerome Bruner, emphasising “learning by doing”,
serve as the foundation for inquiry-based learning (IBL), making it highly relevant
for 21st-century, student-centered learning [41, 42]. Applying IBL to mathematics
learning fosters deeper student engagement and promotes a view of mathematics as
knowledge to construct and discover [18]. This active involvement in inquiry activ-
ities enhances students’ attitudes and perceptions toward mathematics as a whole.

Inquiry-based learning (IBL) uses an information processing model that pres-
ents problems to motivate students to engage in problem-solving through “invi-
tation to inquiry” activities [43]. Teachers design the stages of IBL in mathematics
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around this approach, which provides a framework to facilitate student learning. In
this study, the stages of IBL in mathematics follow the 5E learning cycle (Engage,
Explore, Explain, Elaborate, and Evaluate) [19, 20], as shown in Figure 1. Students
engage actively at each stage of the 5E model. When faced with an investigative
problem, students generate questions based on their observations, with teachers
guiding them to develop inquiry questions systematically and form hypotheses.
They then collect data, often represented by mathematical concepts derived from
relevant resources, to test these hypotheses [20, 44]. Afterwards, students present
their findings and apply their skills to increasingly complex problems, which deepen
their conceptual understanding and improve mathematics learning outcomes [37].
In the final stage, they assess both their learning process and results.

Students recall prior knowledge. identify
the problem, and formulate questions

5. Evaluate

* |Students make hypotheses and collect

Students evaluate and reflect on the
data

learning process and outcomes

Inquiry-Based Learning
(IBL)

4, Elaborate
Students develop investigative skills and Students test hypotheses and explain
present their findings solutions based on the data

Fig. 1. Stages of inquiry-based learning

Seamless Learning

The basic concept of seamless learning is that formal education alone cannot
equip students with the skills and knowledge necessary for lifelong learning [24]. It
emerged as a response to the limited time available in the classroom, particularly
in the context of inquiry-based learning [23, 45, 46]. Inquiry learning often presents
students with complex challenges, such as problem exploration, method design,
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experimentation, and data interpretation [29]. Due to time constraints in formal
class settings, students are unable to complete these tasks fully. Seamless learning
addresses this gap by providing opportunities for students to continue their learn-
ing beyond the classroom, extending the time for exploration and allowing them to
deepen their understanding and skills.

Seamless learning bridges learning experiences across contexts, with mobile
technology serving as an effective tool to facilitate context-sensitive learning [27].
This concept has significant potential for developing 21st-century skills by inte-
grating formal and informal, individual and social, as well as physical and virtual
learning environments [47]. This strategy enables students to learn anytime and
anywhere using their devices [24, 25]. Thus, seamless learning allows teachers to
transcend the traditional classroom-based learning concept.

The prospects of mobile-based learning include the use of mobile technology
to create seamless and continuous learning spaces for students [48]. Seamless learn-
ing supported by mobile technology is known as Mobile Seamless Learning (MSL),
which involves ten dimensions, as outlined in Table 1 [24]. These dimensions are a
guide to creating a more holistic and immersive learning experience for students,
particularly in the context of using mobile technology. Teachers can apply them in
practice, with variations depending on the educational context, learning objectives,
and available resources.

Table 1
Dimensions of mobile seamless learning

MSL
dimensions

MSL 1 Formal and informal learning, allowing structured class time to extend seamlessly into
informal learning opportunities.
MSL 2 Personal and social learning promotes a balance between individualised learning and
social interaction, recognising both personal needs and the importance of collaborative
exchange.
MSL 3 Cross-time learning, emphasising continuous learning across different times, enables
students to build on knowledge over various learning sessions.
MSL 4 Cross-location learning, which allows students to engage with learning materials across
various locations.
MSL 5 Ubiquitous knowledge access enables students to access real-time information from
relevant online sources during the learning process.
MSL 6 Physical and digital worlds, by leveraging Wireless, Mobile, Ubiquitous, Technology-
enhanced Education (WMUTE) technology, students can seamlessly transition between
the physical and digital worlds, maintaining engagement and interaction in both
environments.
MSL 7 Combines various types of devices, allowing students to access the same learning
materials through different devices, such as computers and mobile phones.
MSL 8 Transitions between different learning tasks, such as data collection, brainstorming, and
analysis. This flexibility supports inquiry-based learning, helping students develop 21st-
century skills by smoothly moving through various stages of the learning process.
MSL 9 Knowledge synthesis, where students combine old and new knowledge through mobile
technology, enhances their ability to construct new understanding and promotes
independent learning.
MSL 10  |Transitions between various stages of learning models, providing tools that help both
students and teachers move smoothly through different pedagogical phases, enhancing
flexibility in the learning process.

Learning context
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Methodology, Materials and Methods

Procedure for Developing MoSIM

We use the ADDIE model (Analyse, Design, Develop, Implement, and Evalu-
ate) to develop Mobile Seamless Inquiry Media (MoSIM) as a strategy to improve
students’ conceptual mathematics learning outcomes. We chose this model for
its systematic and flexible nature, emphasising continuous evaluation, making it
well-suited for creating educational products [49]. Figure 2 displays the ADDIE stag-
es for developing MoSIM.

Problem: low students’ conceptual mathematics learning outcomes

Analyze

¥
Identifying the cause of the problem:

Using a questionnaire to find out the cause of the problem.
Determining learning objectives.

Identifying the resources needed.

Observing the learning environment.

¥

Analyze literature on learning strategies that address the
identified problems.

B f0 B

-~ ~"Evaluate
|

Design

‘ Designing a theoretical framework for developing MoSIM ‘

Ewvaluating the validity of the theoretical framework based on
design experts

_____ __|___ R i""'

Develop

¥

Developing and selecting appropriate content for MoSIM.
Developing conceptual mathematics learning outcome test
instruments.

Developing MoSIM content and media validity instruments.

pa=t

bt

Developing content validity instruments for conceptual
mathematics learning cutcome tests.

¥

Ewvaluation of validity of MoSIM and instruments Bl

Implement

| Applying MoSIM to mathematics learning |
¥
| Testing the effectiveness of MoSIM |

|
-rmrere=-------Evaluate

Evaluate

| Evaluation of the effectiveness of MoSIM |
|

¥
Report finding

Fig. 2. ADDIE model procedure for developing MoSIM
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Data Collection and Analysis Methods

This study involved 35 eleventh-grade high school students as research sub-
jects. During the analysis phase, we collected data on the factors contributing to
students’ low conceptual mathematics learning outcomes using the Mathematics
Perception Questionnaire developed by I. M. Gémez-Chacén, A. Bacelo, J. M. Mar-
ban et al. This questionnaire employs a five-point scale [18]. The questionnaire cov-
ered four indicators: mathematical ability, interest in mathematics, perception of
the usefulness of mathematics, and mathematical self-concept, comprising a total
of 32 statements. We compared the average mathematics perception scores of the
students with the data presented in Table 2. We also conducted observations on
the curriculum’s learning objectives, learning resources, and the students’ environ-
ment. We subsequently used these observational data as references for designing
solutions.

Table 2
Conversion of average scores on five scales and categories [50]
Scales Categories
4.21 < Mean < 5.00 Excellent
3.40 < Mean < 4.21 Good
2.60 < Mean < 3.40 Fair
1.79 < Mean < 2.60 Poor
1.00 < Mean £ 1.79 Very poor

A theoretical framework served as the foundation for designing the solution
and developing MoSIM. Two design experts validated this framework using the
instructional design internal validity questionnaire [51] on a five-point scale. The
questionnaire included three indicators: theoretical foundation, strategy compo-
nents, and strategy implementation, with a total of 15 statements. We then evaluat-
ed the validity of the theoretical framework based on the data in Table 2.

At the development stage, the validated theoretical framework serves as a ref-
erence for developing MoSIM. The development of MoSIM in this study is limited
to Trigonometry material which is an important concept in mathematics, complex,
contextual, and a prerequisite for understanding advanced mathematics [52, 53].
The scope of trigonometry material learned through MoSIM is presented in Table 3.

Table 3
Scope of trigonometry material in MoSIM

Sub material Conceptual learning objectives

Trigonometry and the Unit Circle Students can analyse the relationship between trigonometric
function concepts using the unit circle.

—

2. Students can identify examples and non-examples of
trigonometric function concepts.

3. Students can formulate trigonometric functions into various
representations.
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—_

Students can analyse the relationship between concepts of
trigonometric function graphs.

Trigonometric Function Graphs

2. Students can identify examples and non-examples of
trigonometric function graphs.

3. Students can formulate trigonometric functions into various
representation based on the given trigonometric function
graphs.

Students can analyse the relationship between trigonometric
function identity concepts.

—_

Trigonometric Function Identities

2. Students can identify examples and non-examples of
trigonometric function identities.

3. Students can formulate trigonometric function identities into
various representations.

Sine and Cosine Rules 1. Students can analyse the relationship between trigonometric

concepts in the sine and cosine rules.

2. Students can identify examples and non-examples of problems
that can be solved using the concept of the sine and cosine
rules.

3. Students can formulate the sine rule into various
representations.

Based on the trigonometry learning objectives in Table 3, we selected appro-
priate platforms and content to support each stage of the inquiry process (engage,
explore, explain, elaborate, and evaluate) in MoSIM. Two content experts and two
media experts, respectively, assessed the validity of the MoSIM. We evaluated the
level of validity of the content and media using the data presented in Table 2. In
addition, we developed a test instrument to assess conceptual learning outcomes in
mathematics. Two content experts assessed the validity of this instrument before
testing the validity and reliability of the test items.

We then implemented MoSIM, which met the validity criteria, in mathematics
learning. Students engaged with MoSIM both in-class and out-of-class. Each sub-
topic in trigonometry, as shown in Table 3, was learned during two class sessions.
Out-of-class, students accessed MoSIM to independently build their conceptual
knowledge. In class, each stage of the inquiry-based learning process was optimised
through in-depth discussions to reinforce their conceptual knowledge.

To answer the research question, statistical analysis techniques, including
paired sample t-test and N-gain percentage, were applied [54]. These techniques
utilised the same group of students. The paired sample t-test was used to determine
whether there was a significant difference in students’ conceptual mathematics
learning outcomes before and after using MoSIM, while the N-gain percentage was
used to evaluate whether MoSIM effectively improved students’ conceptual mathe-
matics learning outcomes.
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Results

Findings

A total of 35 students completed the mathematics perception scale question-
naire, which consisted of 32 statement items, online via the link https://bit.ly/skala-
persepsi. Table 4 displays the average student perception of mathematics. According
to Table 2, students generally have a positive perception of their interest, the use-
fulness of mathematics, and their mathematical self-concept. However, their con-
fidence in their ability to understand mathematical concepts does not reflect this.

Table 4
Results of the mathematics perception scale questionnaire
Aspect Min | Max Mean Std. deviation Category
Mathematical ability 1
5 2.58 1.11 Poor
Interest in mathematics 1
5 3.47 1.07 Good
Perceptions of the usefulness of 2 5 4.20 0.71 Good
mathematics
Mathematical self-concept 2 5 4.18 0.68 Good

Observation results on the objectives of mathematics learning show that con-
ceptual learning outcomes are one of the main objectives in the Kurikulum Merdeka,
which has been implemented in Indonesia since 2021. However, the available learn-
ing resources, such as teaching materials and text-based student worksheets, tend
to focus on direct instruction activities or teacher-centered learning, so they do not
support the achievement of curriculum objectives optimally. In addition, the time
required to learn mathematics in class is minimal, as it is only 135 minutes per week.
Despite adequate internet quality supporting the learning environment in schools
in Singaraja, Bali, mobile technology has not fully utilised its potential for mathe-
matics learning. So far, students have only used technology to deliver information
on their routine tasks through applications like WhatsApp.

A positive perception of interest, usefulness, and self-concept in mathematics
is essential for achieving strong conceptual learning outcomes in the subject. How-
ever, students’ low perception of their mathematical abilities is primarily due to
teaching methods that fail to engage them actively. The solution design addresses
this issue by focusing on enhancing student engagement, integrating mobile tech-
nology, and bridging learning across various contexts, especially to overcome the
limited classroom learning time.

The theoretical framework presents a solution design based on the IBL model,
seamless learning strategies, constructivist learning theory, mathematics learning
standards set by NCTM, and conceptual learning outcome indicators. Constructivist
theory, which emphasises that learning is an active and constructive process based
on students’ experiences [55], aligns with the 5E stages in IBL, providing a structure
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for active, process-oriented mathematics learning [43]. Active mathematics learning
is also a fundamental principle in global curriculum standards [56], which encourag-
es the integration of subject-specific tools, such as GeoGebra, into the learning pro-
cess. Seamless learning strategies act as catalysts, enabling learning to occur with-
out time constraints and ensuring all components work collaboratively to achieve
conceptual mathematics learning outcomes. This framework serves as a guide for
designing MoSIM, a digital-based strategy aimed at addressing the low conceptual
mathematics learning outcomes. Figure 3 illustrates how the MoSIM framework in-
tegrates inquiry activities across various learning contexts (mobile seamless learn-
ing, or MSL) to support all dimensions of cognitive learning outcomes, thereby ef-
fectively enhancing students’ conceptual mathematics learning outcomes.

MSL Dimensions poc sm'mf:;m'n')“‘"'” Tl Inquiry Stages i s“"(';;‘:;'m"““iw Medh ‘ MSL Dimensions
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Fig. 3. Theoretical framework for developing MoSIM

Two design experts assessed the internal validity of this theoretical framework
using an instructional design internal validity questionnaire. The questionnaire in-
cluded three indicators: theoretical foundation, strategy components, and strategy
application, comprising a total of 15 statements. Table 5 presents the assessment
results. Table 2 classifies the theoretical framework for developing MoSIM as having
excellent validity.
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Table 5
Validity of the theoretical framework for developing MoSIM
Aspect Min Max Mean devsi:::'ion Category
Theoretical foundation 4 5 4.60 0.52 Excellent
Strategy components 4 5 4.70 0.48 Excellent
Strategy application 4 5 4.70 0.48 Excellent
Total mean 4.67 0.49 Excellent

MoSIM was developed using the eXeLearning platform, which enables the cre-
ation of interactive digital media without requiring advanced programming skills
[57]. Throughout the stages of MoSIM, the platform integrates videos, modules,
worksheets, and GeoGebra. Designed for 11th-grade trigonometry, MoSIM can be
accessed on personal devices through the link https://mosim.netlify.app/. Figure
4(a) presents the main menu, inviting students to engage with both contextual and
non-contextual mathematical problems in the inquiry activity (Figure 4(b)). In the
engagement phase, students observe the problems and receive scaffolding to help
them formulate potential solutions. In the exploration phase, students explore
mathematical concepts through the video menu (Figure 4(c)), module menu (Fig-
ure 4(d)), and GeoGebra (Figure 4(e)), catering to different learning styles. MoSIM
integrates GeoGebra to provide dynamic visualisation of mathematical concepts.
The Forum menu (Figure 4(f)) facilitates the explanation phase, where students dis-
cuss their findings using WhatsApp, a commonly used platform. In the elaboration
phase, students develop inquiry skills in the worksheet menu (Figure 4(g)), tackling
non-contextual problems to deepen their understanding of formal mathematics. Fi-
nally, the Quiz menu (Figure 4(h)) supports the evaluation phase, providing students
with immediate feedback on their conceptual mathematics learning outcomes.
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During the development stage, we developed the test instrument to assess con-
ceptual mathematics learning outcomes. We created a total of 36 multiple-choice
questions, with 12 questions representing each conceptual learning outcome in-
dicator. Based on evaluations by two content experts, the instrument received an
excellent validity rating (M = 4.77). As shown in Table 6, item validity tests also
revealed that 26 questions were valid and had high reliability, as shown by statistical
analysis using Cronbach’s alpha split-half model. We selected 21 out of the 26 val-
id questions, with seven questions representing each conceptual learning outcome
indicator.

Table 6
The reliability of the conceptual mathematics learning outcome test
Cronbach’s alpha |Part 1 Value 0.73
N of Items 13
Part 2 Value 0.75
N of Items 13
Total N of Items 26

Two experts assessed the content and media validity of MoSIM for each aspect.
To meet the research needs, we explicitly designed instruments to evaluate content
and media validity. The content validity instrument included indicators of content
relevance, clarity and presentation, and language use, comprising a total of 12 state-
ments. Table 7 presents the results of the content validity assessment. Meanwhile,
Table 8 presents the media validity instrument included indicators of visual design,
technical functionality, user engagement, and navigation and usability, also com-
prising a total of 12 statements.

Table 7
Content validity of MoSIM
Aspect Min Max Mean Std. deviation Category
Content relevance 4 5 4.88 0.35 Excellent
Clarity and presentation 4 5 4.38 0.52 Excellent
Language use 4 5 4.63 0.50 Excellent
Total mean 4.63 0.46 Excellent

Table 8 presents the results of the media validity assessment. Based on the
comparison with the criteria in Table 2, MoSIM achieved an excellent level of valid-
ity according to the evaluations by content and media experts.

Table 8
Media validity of MoSIM

Aspect Min Max Mean Std. deviation Category
Visual design 4 5 4.17 0.41 Good
Technical functionality 4 5 4.33 0.52 Excellent
User engagement 4 5 4.17 0.41 Good
Navigation and usability 4 5 4.67 0.52 Excellent
Total mean 4.33 0.46 Excellent
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The trigonometry instruction used MoSIM, which meets the validity criteria.
Students could access MoSIM outside the classroom through their mobile devices
anytime and anywhere. We conducted the trigonometry instruction using MoSIM in
the classroom over six sessions. We gave students a pre-test before the first session
to measure their initial conceptual mathematics learning outcomes. We gave stu-
dents a post-test after the sixth session. We analysed the effectiveness of MoSIM in
improving conceptual mathematics learning outcomes using a paired sample t-test
and N-Gain percentage. We checked the normality of the pre-test and post-test
scores before conducting this test, and Table 9’s results show that both scores have
a normal distribution.

Table 9
Normality test for pre-test and post-test scores
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig Statistic df Sig.
Pre-test 0.14 35 0.70 0.98 35 0.60
Post-test 0.13 35 0.13 0.95 35 0.09

The results of the paired sample t-test in Table 10 show a significant difference
between the pre-test and post-test scores.

Table 10
Paired sample t-test results
Paired differences
std 95% confidence Sig.
Mean Std. ' interval of the t df (Two-
. .. error - \
deviation difference sided p)
mean
Lower | Upper
Pair 1 Pre-test

— Post- -43.40 13.94 2.36 -48.19 -38.61 -18.41 34 <0.001
test

In contrast, the N-gain percentage results in Table 11 indicate that MoSIM has
a high effectiveness in improving students’ conceptual mathematics learning out-
comes.

Table 11
N-gain percentage test results
N Min Max Mean Std. deviation
N-gain 35 0.40 1.00 0.72 0.18
N-gain 35 40.00 100.00 72.42 18.03
percentage
Valid N (listwise) 35

The results of the paired sample t-test in Table 10 and the N-gain percentage in
Table 11 showed that MoSIM effectively enhances students’ conceptual mathemat-
ics learning outcomes. Based on these results, further analysis was conducted on
students’ responses after learning trigonometry using MoSIM. Students’ feedback
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was categorised into four main indicators: usability, engagement, interaction, and
learning effectiveness, comprising a total of 12 statements. The results of these re-
sponses are summarised in Table 12.

Table 12
Student responses on the effectiveness MoSIM
Aspect Min Max Mean Std. deviation| Category
Usability 4
5 4.30 0.46 Excellent
Engagement 3
5 4.47 0.59 Excellent
Interaction 3
5 4.13 0.50 Good
Learning effectiveness 3
5 4.46 0.62 Excellent
Total mean
4.35 0.57 Excellent

Compared with Table 2, students’ responses after learning trigonometry with
MoSIM fall into the excellent category, indicating that MoSIM provided support for
learning trigonometry concepts. The most popular resource is the GeoGebra simula-
tion feature, which allowed students to explore trigonometric concepts such as the
unit circle, the relationship between sine and cosine functions, and the graph pat-
terns of trigonometric functions. However, the interaction aspect, with an average
score of 4.13, falls into the good category. Although MoSIM is supported by a forum
feature via WhatsApp, there is still potential to improve student interaction with
the platform, further enhancing the collaborative learning experience.

Discussion

There was a big difference between the student’s scores on the pretest and
posttest (Sig. < 0.001), and the average N-Gain percentage was 72.42%, showing that
mobile seamless inquiry media (MoSIM) improves students’ conceptual mathemat-
ics learning outcomes. These findings align with the principle proposed by M. A.
Al Mutawah, R. Thomas, A. Eid et al. [3], as well as J. Kilpatrick and J. Swafford [4],
which posits that concept-based learning is a vital component in fostering students’
critical thinking and problem-solving skills. By providing students with the flexi-
bility to learn anytime and anywhere, MoSIM offers an innovative approach that
meets the learning needs of the digital era. The effectiveness of MoSIM also reflects
efforts to address the low average PISA mathematics scores in Indonesia [7, 8] while
supporting the educational quality improvement targets outlined in the National
Medium-Term Development Plan [9].

The integration of IBL principles with seamless learning is the key to MoSIM’s
success. The IBL model allows students to actively engage in the learning process,
from observation to the formulation of generalisations of mathematical concepts
[17]. These inquiry-based activities strengthen students’ understanding of abstract
concepts in a more contextual and meaningful way [40, 44]. However, limited class-
room time often poses a barrier to the full implementation of IBL [12]. To overcome
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this, MoSIM leverages mobile technology to extend learning beyond the classroom,
connecting formal learning with informal activities in a flexible manner [24]. By
utilising seamless learning, students can access and apply mathematical concepts in
various situations, increasing their engagement while deepening their conceptual
understanding.

Furthermore, Generation Z, with its high digital literacy, is the target audience
for MoSIM’s design. This media not only facilitates broader access to learning but
also enhances student engagement through an interactive interface and dynam-
ic learning activities [29]. This study confirms, as highlighted by R. Ramadhani, R.
Umam, A. Abdurrahman et al., that technology-based learning strategies like Mo-
SIM are effective in addressing the challenges of abstract mathematics learning [10].
Additionally, these findings have broader implications for digital-era learning strat-
egies, particularly within the context of education in Indonesia. Future research
could explore the application of MoSIM in other subjects or test its effectiveness on
a larger scale to maximise the potential of mobile technology in education.

Conclusion

Mobile Seamless Inquiry Media (MoSIM) is effective in enhancing students’
conceptual mathematics learning outcomes, as evidenced by paired sample t-test
analysis, with a significance value of Sig. < 0.001 in comparing pre-test and post-
test scores from 35 research subjects and an N-Gain percentage of 72.42%. During
the pedagogical experiment, students engaged with MoSIM features such as videos,
modules, GeoGebra simulations, forums, and quizzes to explore trigonometry con-
cepts, including the unit circle, trigonometric function graphs, trigonometric func-
tion identities, and the sine and cosine rules. These features significantly contribut-
ed to their understanding of fundamental trigonometric concepts by enabling them
to analyse relationships between concepts, identify examples and non-examples of
concepts, and express concepts in various representations.

MoSIM integrates the principles of Inquiry-Based Learning (IBL) and seam-
less learning, allowing students to engage in learning anytime and anywhere. This
approach aligns with the characteristics of Generation Z, who possess high digital
skills and actively engage with learning content. However, there is potential to fur-
ther enhance collaborative learning opportunities within MoSIM to encourage more
interaction among students.

Limitations and Future Research

This study focused on the development and implementation of MoSIM for trig-
onometry learning in the mathematics curriculum for senior high school students
in Indonesia. Further development and analysis of MoSIM on other mathematics
content should be conducted. Future studies should explore how the specific char-
acteristics of different mathematics content may require the adjustment of MoSIM
features to optimise students’ conceptual mathematics learning outcomes.
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In addition, in this study, the effectiveness of MoSIM was tested on the same
group of students, involving statistical techniques of paired sample t-test and
N-Gain percentage. This limits the ability to generalise the findings to other student
populations or to compare the effectiveness of MoSIM with other learning media.

Future studies should also focus on addressing several challenges related to
technological infrastructure, educator training, and students’ readiness to utilise
digital learning media. It is important to explore how students’ and teachers’ read-
iness to use digital platforms affects the overall success of technology-based learn-
ing.
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