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Abstract 

This study was designed to examine a no-code assessment tool to analyse and 

strengthen junior high students’ mathematical literacy in spatial geometry. A 

design-based research approach guided cycles of needs analysis, tool design, 

classroom iteration, and evaluation with purposively selected participants. Post-

implementation assessments indicated marked gains in literacy performance, 

alongside richer engagement with modeling, representation, and interpretation. 

The tool elevates learning because interactive tasks, visual supports, and real-

time feedback reduce cognitive load, connect problems to meaningful contexts, 

and scaffold metacognition. The work demonstrates a practical pathway for 

educators to build adaptable, low-barrier assessments that integrate into diverse 

devices and settings, and it outlines design principles that can be replicated and 

extended to other mathematical topics and question types. It also reports 

feasibility feedback from media, content, and language experts, and summarizes 

iterative refinements that improved accessibility, clarity, and problem structure 

across devices and classroom practice evidence.  

Keywords: AppSheet, Design, Design-based research, Mathematical literacy, 

Spatial geometry. 
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1.  Introduction 

Mathematical literacy is recognized as a crucial competency in 21st-century 

education [1, 2]. It encompasses not only the ability to perform calculations but 

also the capacity to comprehend, analyse, and solve real-world problems using 

mathematical reasoning [3]. However, empirical evidence indicates that the 

mathematical literacy of Indonesian students remains relatively low, as 

reflected in Programme for international student assessment (PISA) scores and 

national assessments [4, 5]. According to organisation for economic co-

operation and development (OECD) data from the 2018 PISA cycle, Indonesia 

ranked 73rd, placing seventh from the bottom, with an average score of 379. 

This was a decline from its 62nd position in 2015, particularly among junior high 

school students [6-8]. 

Based on this data, PISA findings consistently concluded that Indonesian junior 

high school students exhibit weak mathematical literacy [9]. The PISA assessment 

measures mathematical literacy through problem-solving tasks embedded in real-

life contexts [10]. Analysis of Indonesian students' responses reveals that most only 

reach level 2 out of six proficiency levels, suggesting significant challenges in 

applying mathematics beyond procedural operations [11, 12]. This 

underperformance underscores a gap between academic instruction and functional 

mathematical understanding. 

The OECD defines mathematical literacy as the ability to formulate, apply, and 

interpret mathematics across a variety of contexts [13]. This includes conceptual 

understanding, procedural application, and logical reasoning to address practical 

issues [14]. Mathematical literacy involves more than executing algorithms; it 

requires foundational knowledge, competence, and confidence to apply 

mathematics in everyday situations [15, 16]. A mathematically literate individual 

can make estimates, interpret data, solve contextual problems, and communicate 

ideas using numerical, graphical, or spatial forms [17]. 

In line with this perspective, mathematical literacy is viewed as the capacity to 

use mathematical thinking to confront real-life challenges [18]. It involves not only 

cognitive abilities like problem-solving, reasoning, and explanation but also the 

development of mindsets grounded in mathematical concepts and facts [19-21]. 

The concept emphasizes the formulation and evaluation of mathematical ideas 

through functional reasoning and structured thinking [22, 23]. 

To strengthen students’ mathematical literacy, various learning models have 

been developed and implemented by educators [24, 25]. These models are often 

rooted in constructivist theory, which emphasizes multisensory engagement in the 

learning process. By activating multiple senses, students are able to internalize 

concepts more effectively [26]. Constructivist models are student-centered, 

encouraging active participation and deeper conceptual understanding. 

In the digital era, technology-enhanced assessments have also played a pivotal 

role in improving mathematical literacy. Numerous studies report positive 

outcomes from using technology-based tasks and learning media [27-31]. Digital 

platforms (including games, Android apps, and web tools) have been used to 

facilitate learning, particularly in geometry, using tools such as GeoGebra [32]. 

One emerging solution involves leveraging mobile-based platforms like AppSheet 

to develop problem-based instruments that assess mathematical literacy [33]. 
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AppSheet is a no-code platform that enables educators to design question-based 

applications accessible via mobile devices, particularly Android, without requiring 

programming skills [34]. Its ease of use and accessibility make it a valuable 

resource for both teachers and students. Several studies have demonstrated 

AppSheet's effectiveness in supporting the development of cognitive, psychomotor, 

and affective domains in education [35-39]. 

The purpose of this study is to describe how the AppSheet platform was 

designed to explore students' mathematical literacy skills using a design-based 

research (DBR) approach, involving four stages: analysis, design, iteration, and 

evaluation. This research offers three main novelties: (i) the design of an 

assessment instrument using AppSheet, (ii) a focus on geometric shapes as the 

content domain, and (iii) the use of AppSheet to diagnose students’ mathematical 

literacy abilities in spatial geometry contexts. 

2. Literature Review  

2.1. AppSheet platform 

AppSheet is a no-code application development platform provided by Google that 

enables users to create mobile and web-based applications without requiring 

knowledge of programming or computer science [40]. The platform supports 

integration with tools such as Google Sheets, Excel, and SQL databases, making it 

an efficient medium for developing digital forms, workflows, and data collection 

systems [41, 42]. Due to its flexibility and adaptability, AppSheet empowers users 

without technical backgrounds (particularly educators and those in the educational 

technology sector) to build customized digital solutions that address specific 

pedagogical and administrative needs [43, 44]. 

Figure 1 presents a data flow diagram that illustrates the operational structure 

of AppSheet. It outlines the interaction among three core components: the Cloud 

Provider, the AppSheet Server, and the mobile device interface. In this architecture, 

the Cloud Provider and AppSheet Server function as the backend infrastructure, 

while the mobile interface represents the frontend accessible by users. The data 

exchange is illustrated through four stages: “1. Read”, “2. Read”, “3. Write”, and 

“4. Write”, emphasizing AppSheet’s real-time cloud capabilities for both retrieving 

and updating data. 

From an educational technology perspective, AppSheet offers a viable solution 

for developing adaptive and integrated learning applications [45, 46]. Its web-based 

accessibility allows both teachers and students to interact with content regardless 

of time and location, eliminating geographical limitations [47, 48]. As depicted in 

Figure 1, the platform also supports dynamic content delivery, such as image 

rendering and search functions, based on server-side configurations. This capacity 

enables the creation of responsive and interactive learning environments tailored to 

user needs [49, 50]. 

2.2. Mathematical literacy abilities 

Mathematical literacy is defined as an individual’s capacity to formulate, apply, 

and interpret mathematical concepts, procedures, and tools across diverse real-life 

contexts [51]. This competency extends beyond computational fluency, 

encompassing logical and systematic reasoning, mathematical modeling, and 
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quantitative analysis [52, 53]. Theoretically, mathematical literacy integrates three 

principal dimensions:  

(i) mathematical content such as algebra, geometry, and statistics. 

(ii) cognitive processes, including problem formulation, strategic application, 

and result interpretation; and  

(iii) situational contexts, which may be personal, social, or scientific [54].  

 

Fig. 1. Flowchart about AppSheet. 

This framework reflects the principles of situated cognition, which posit that 

mathematical understanding is contextually grounded and constructed through 

active engagement in meaningful activities [55, 56]. Structurally, mathematical 

literacy follows a cyclical problem-solving model consisting of six key stages:  

(i) identifying a real-world problem,  

(ii) formulating a mathematical representation,  

(iii) solving it using algorithmic or heuristic strategies,  

(iv) validating the solution based on logical and empirical criteria, 

(v) interpreting the mathematical result within the original context, and  

(vi) evaluating its relevance and implications for the real-world situation [57].  

This process requires metacognitive skills to monitor and regulate cognitive 

strategies during problem-solving [58]. From a Vygotskian perspective, 

mathematical literacy is cultivated through socio-cultural scaffolding, where 

learners engage with semiotic tools (such as symbols, diagrams, and visual 

representations) as cognitive mediators [59, 60]. 

Figure 2 illustrates this mathematical literacy cycle, beginning with the 

"Problem in context" where the learner identifies a real-life situation requiring 

mathematical intervention [61]. The issue is then reformulated into a solvable 

mathematical problem, which is addressed to obtain a mathematical result 

("Employ"). This result is interpreted in relation to the original context and 

further evaluated for accuracy and relevance. The cyclical nature of this model 

highlights the iterative process of reflection, refinement, and reinterpretation, 

indicating that mathematical literacy involves nonlinear and dynamic problem-

solving pathways [62]. 
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Fig. 2. Mathematical literacy for assessment and analytical framework. 

2.3. Geometric shapes in mathematics 

Geometric shapes are among the most fundamental elements in mathematics. A 

geometric shape is defined as a collection of points in space that possesses specific 

metric and topological properties [63, 64]. Traditionally, these shapes are classified 

into two categories: two-dimensional (2D) shapes (such as triangles, squares, 

circles, and polygons) and three-dimensional (3D) shapes (such as cubes, spheres, 

pyramids, and prisms) [65, 66]. The theoretical basis of geometric shapes is rooted 

in Euclidean geometry, where core attributes such as length, angle, circumference, 

and area are defined based on postulates like the parallel line postulate [67-69]. In 

contrast, recent advances in mathematics have expanded to include non-Euclidean 

geometries, where properties are determined by the curvature of space, as 

demonstrated in the works of Lobachevsky and Riemann [70-72]. 

Geometric shapes can be analysed using distinguishing mathematical features 

[73, 74]. In 2D geometry, characteristics such as the number of edges, types of 

angles, and symmetries are critical [75]. For example, triangles may be classified 

based on their internal angles (acute, right, obtuse) or their side lengths (equilateral, 

isosceles, scalene) [76]. In contrast, 3D shapes are evaluated based on volume, 

surface area, and spatial configuration or nets [77]. Analytical representations of 

shapes are often expressed using coordinate systems (Cartesian, polar, or spherical) 

and defined through algebraic equations [78, 79]. 

The application of geometric shapes extends far beyond theoretical 

mathematics. In physics, engineering, architecture, and computer graphics, 
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geometric principles underpin essential technologies and models [80]. For instance, 

differential geometry informs models of curved surfaces and manifolds, such as 

those in general relativity [81]. In computational geometry, algorithms like Voronoi 

diagrams and Delaunay triangulations are employed for spatial optimization and 

network mapping [82, 83]. Moreover, group theory (particularly symmetry groups) 

helps explain geometric transformations like reflection, rotation, dilation, and 

translation, all of which are foundational in fields such as crystallography and 

fractal geometry [84]. Thus, geometric shapes are not only integral to pure 

mathematics but also catalyze innovations in science and technology [85-87]. 

Table 1 displays eight fundamental geometric shapes alongside their respective 

area and perimeter formulas. A conceptual grasp of these properties is essential for 

mathematical literacy and finds direct relevance in architectural modeling, 

engineering design, and scientific analysis [88]. The table provides formulas that 

clarify the mathematical relationships between parameters like side lengths, radii, 

and angles. Understanding these relationships helps bridge foundational geometric 

concepts with advanced scientific applications [89]. 

Table 1. Geometric shape formula. 

Shape Name Formulas 

A 

 

Square 

A polygon with all equal sides 

Area = a × a =𝑎2 

Perimeter 

a+a+a+a = 4a 

 

B 

 

Rectangle 

A polygon with parallel sides equal 

Area = l × w 

Perimeter = 2w + 2l 

 

C 

 

Triangle 

A polygon with three edges and three angles 

Area = 1/2bh 

Perimeter = a+b+c 

 

D 

 

Circle 

All points at an equal distance from a center 

Area = πr2 

Perimeter = 2nr 

E 

 

Trapeziod 

A polygon which has two parallel sides 

Area = 1/2(a + b)h 

Perimeter = a+b+a+b 

F 

 

Parallelogram 

A polygon with opposite sides parallel & equal 

Area = bh 

Perimeter = 2(a+b) 

 

Sector of a 

circle 

A part of a circle has two radii and an arc 

Area = (θ ÷ 360)πr2 

Perimeter = 2r+(θ÷ 360×2πr) 



2042       H. Sujiarto and W. Setiawardani 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

Figure 3 illustrates the decomposition of a rectangular prism into its 

fundamental components: flat surfaces (faces), line segments connecting the 

surfaces (edges), and points where edges meet (vertices). The image shows a purple 

rectangular face as one of the six identical surfaces that form the prism, while the 

transparent blue overlays offer a complete visual of the 3D form [90]. The labeling 

highlights: (i) the straight edges where two surfaces meet, (ii) the vertices where 

three or more edges converge, and (iii) the planar faces that define the prism’s 

boundaries [91]. When counted, the prism contains 12 edges, 8 vertices, and 6 faces 

values that align with Euler’s polyhedral formula: F + V – E = 2 [92]. Beyond the 

identification of parts, this simple box exemplifies foundational 3D mathematical 

concepts applicable to various domains (from the crystalline structures in materials 

science to rendering techniques in computer graphics). The organization of points, 

lines, and surfaces adheres to geometric principles that underpin advanced spatial 

reasoning and structural design in mathematics, engineering, and computational 

disciplines [93]. 

 

Fig. 3. Basic components for rectangular prism. 

Table 2 systematically outlines the topological attributes of various polyhedral 

forms and serves as empirical evidence supporting Euler’s formula, (F + V - E = 

2), where F denotes the number of faces, V is the number of vertices, and E is the 

number of edges [94]. For instance, a cuboid (one of the simplest polyhedra) has 6 

faces, 8 vertices, and 12 edges, yielding (6 + 8 - 12 = 2), in accordance with the 

Euler characteristic. Pyramidal shapes consistently follow this topological rule: a 

triangular pyramid presents (4, 4, 6), a square pyramid (5, 5, 8), a rectangular 

pyramid (5, 5, 8), a pentagonal pyramid (6, 6, 10), and a hexagonal pyramid (7, 7, 

12). Similarly, prism structures exhibit more complex configurations yet continue 

to uphold the same invariant: triangular prism (5, 6, 9), square prism (6, 8, 12), cube 

(6, 8, 12), pentagonal prism (7, 10, 15), octagonal prism (10, 16, 24), and 

heptagonal prism (9, 14, 21). 

These data confirm that despite increasing geometric complexity, the Euler 

characteristic remains consistent across diverse families of polyhedra. The 

invariant relationship illustrates how the structural interplay between faces, 

vertices, and edges encapsulates deep combinatorial properties, underscoring the 

formula’s relevance in algebraic topology [95, 96]. By verifying the formula across 

basic platonic solids and higher-order pyramids and prisms, this dataset not only 

affirms mathematical theory but also enhances conceptual understanding of 3D 

spatial structures in mathematics education. 
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Table 2. The number of edges, faces, and vertices in a 3D geometric shape. 

No. Solid 
Shape of 

Solid 

Number 

of faces 

F 

Number 

of 

Vertices 

V 

Number 

of edges 

E 

F 

+ 

V 

E 

+ 

2 

A Cuboid 
 

6 8 12 14 14 

B 
Triangular 

Pyramid 
 

4 4 6 8 8 

C 
Square 

Pyramid 
 

5 5 8 10 10 

D 
Rectangular 

Pyramid 
 

5 5 8 10 10 

E 
Pentagonal 

Pyramid  
 

6 6 10 12 12 

F 
Hexagonal 

Pyramid  
 

7 7 12 14 14 

G 
Triangular 

Prism 
 

5 6 9 11 11 

H 
Square 

Prism 
 

6 8 12 14 14 

I Cube 

 

6 8 12 14 14 

J 
Pentagonal 

Prism 
 

7 10 15 17 17 

K 
Octagonal 

Prism 

 

10 16 24 26 26 

L 
Heptagonal 

Prism  
9 14 21 23 23 

Table 3 provides a comparative visualization of five geometric solids, accompanied 

by the respective quantitative formulas that define their volume and surface area. 

Understanding these three-dimensional properties is not only foundational in Euclidean 

geometry but also forms the basis for a wide array of applications in physics, 

engineering, and computational science [97, 98]. Each geometric form ranging from the 

symmetrical cube to the curved cone exhibits distinct structural features. These 

characteristics are reflected in mathematical relationships involving linear dimensions 
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(e.g., height, radius, side length), which are used to determine spatial capacity (volume) 

and surface boundaries (surface area) [99]. 

Analysing the formulas for each solid reveals deeper geometric principles while 

simultaneously demonstrating the practical relevance of these calculations in real-

world problem-solving. For example, the accurate determination of surface area 

and volume is essential in optimizing material use in architecture and 

manufacturing, as well as in simulating three-dimensional objects in digital 

modeling environments [100]. Thus, the mathematical understanding of volume 

and surface area extends beyond theoretical constructs to become instrumental in 

applied sciences and technology. 

Table 3. Volume and surface area in 3D geometric shapes. 

No. Shape Volume Surface Area 

a 

Cube 

 

Volume = 𝑎3 Surface Area = 6𝑎2 

b 

Rectangular Prism of Cuboid 

 

Volume = l × b 

× h 

 

Surface Area = 

 2(𝑙 × 𝑏 + 𝑏 × ℎ +
𝑙 × ℎ) 

c 

Sphere 

 

Volume = 

                      
4

3
 𝜋𝑟3 

 

Curved Surface 

Area = 4𝜋𝑟2 

 

 

d 

Cone 

 

Volume = 

                     
1

3
 𝜋𝑟2 ℎ 

 

Curved Surface 

Area = 𝜋 𝑟 𝑙 
Total Surface Area 

= 

 𝜋𝑟𝑙 +  𝜋𝑟2 =
 𝜋𝑟(𝑙 + 𝑟) 

 

(𝑙 =  √ℎ2 + 𝑟2) 

 

e 

Cylinder 

 

Volume = 

𝜋𝑟2ℎ 

Curved Surface 

Area = 2𝜋𝑟ℎ 

Total Surface Area 

=  

2𝜋𝑟ℎ + 2𝜋𝑟2 

2𝜋𝑟(ℎ + 𝑟) 
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Explanation in Table 3 is as follows: 

(i) Number a shows a cube is a regular polyhedron with 6 identical square 

faces, 12 edges of equal length, and 8 vertices. Each dimension has the same 

length (a), so its volume is expressed as the cube of the edge length (V=a3), 

reflecting the principle of spatial measurement in three orthogonal dimensions. 

The total surface area (6a2) is obtained by summing the areas of all its square 

faces. The cube exhibits octahedral symmetry and serves as the basis for the 

concept of unit cells in crystallography [101]. 

(ii) Number b shows that a rectangular prism is a generalization of the cube 

with edges of different lengths (l, b, h). Its volume (V=l×b×h) represents the 

scalar product of three-dimensional vectors, while its surface area 

2(lb+bh+lh)) accounts for the sum of the areas of its three pairs of rectangular 

faces. This shape is widely used in architecture and structural design due to its 

proportional flexibility [102]. 

(iii) Number c shows that a sphere is defined as the set of points at a constant 

distance (r) from its center. Its volume (3

4
πr3) is derived from the integral of 

spherical shells, while its surface area (4πr2) shows a quadratic dependence on 

the radius. The sphere has constant positive Gaussian curvature and maximizes 

volume for a given surface area (the isoperimetric principle) [103]. 

(iv) Number d shows cone consists of a circular base with radius r and a lateral 

surface with a slant height. Its volume ( 1

3
πr2h). Cones model fluid flow 

dynamics and pressure distribution phenomena [104]. 

(v) Number e shows cylinder has two parallel circular bases and a rolled 

rectangular lateral surface. Its volume (πr2h) is the product of the base area 

and height, while its total surface area (2πr(h+r)) includes the lateral area (2πrh 

2πrh) and both bases. Cylinders form the basis for analysing axial stress in 

mechanical engineering and thermodynamics [105]. 

3. Method  

Figure 4 illustrates the research framework, which adopts a DBR methodology to 

guide the development and validation of the AppSheet-based application. This 

methodology was selected due to its iterative and context-sensitive structure, which 

integrates cycles of design, implementation, evaluation, and refinement within 

authentic educational settings. DBR enables researchers to bridge theoretical 

constructs with practical classroom needs by directly involving students and 

educators in the design process. Consequently, the resulting educational tool is not 

only empirically tested but also pedagogically meaningful and responsive to real 

learning environments. 

The flowchart outlines a four-phase DBR framework designed to address 

instructional challenges in geometry learning. In the Analysis Phase, researchers and 

practitioners collaboratively diagnose problems (particularly gaps in students’ ability 

to contextualize geometric concepts) using insights from classroom observations and 

literature reviews. The Development Phase focuses on designing the AppSheet 

interactive tool, incorporating Van Hiele’s cognitive theory and technological 

innovations such as 3D visualizations to promote mathematical literacy. 

The Iterative Phase involves cyclical testing and refinement through 

classroom implementation. Data from student interactions, literacy assessments, 
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and teacher feedback are analysed to improve the application’s effectiveness-for 

example, by adjusting problem complexity or integrating augmented reality 

features. The final Reflection Phase synthesizes findings into generalizable 

design principles, such as the importance of real-world contextualization and 

scaffolding in enhancing spatial reasoning. 

Throughout all phases, the process of Refinement, depicted by a two-way arrow 

in the flowchart, allows dynamic revision of the problem definition, design 

components, and implementation strategies. This adaptability ensures continuous 

alignment with evolving pedagogical needs. Ultimately, the DBR approach 

employed in this study not only results in a validated technology-enhanced learning 

tool but also offers theoretical contributions to the field. Specifically, it is in the 

form of design principles for literacy-based STEM interventions that emphasize 

iterative development, contextual relevance, and practitioner collaboration. 

 

Fig. 4. Phases of design-based research.  

The participants in this study consisted of 39 students from class VIII B of a 

junior high school in Bandung, Indonesia. The sample was selected using a 

purposive sampling technique based on their accessibility, representativeness of the 

target user group, and relevance to the research focus on spatial geometry. This 

context provided a practical and authentic setting for testing the implementation of 

the AppSheet-based assessment tool in a real classroom environment. 

Data collection employed multiple instruments to ensure triangulation and 

comprehensive evaluation of both the learning tool and student outcomes: 

(i) Needs Analysis through Literature Review: A preliminary investigation was 

conducted based on existing research findings that consistently reported a 

deficiency in students’ mathematical literacy (particularly in spatial geometry). 

This analysis justified the necessity of developing targeted assessment media 

aimed at improving students’ conceptual understanding and literacy in geometry. 

(ii) Expert Validation and Limited Trial: The developed AppSheet application 

was subjected to expert validation to assess its content quality, media 

functionality, and language clarity. Experts in mathematics education, digital 

learning media, and English language reviewed the product, followed by a 
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limited-scale classroom trial to ensure its usability, accuracy, and alignment 

with learning objectives. 

(iii) Pretest and Posttest Competency Assessment: To evaluate the effectiveness 

of the application, students were administered a pretest and a posttest focusing 

on mathematical literacy in spatial geometry. The assessments measured 

changes in students’ ability to understand, apply, and interpret mathematical 

concepts in real-world contexts following the use of the application. 

4. Results and Discussion  

4.1. Analysis of the need to improve mathematical literacy 

Table 4 presents a synthesis of previous research findings and bibliometric analyses 

that highlight persistent deficiencies in students' mathematical literacy particularly 

in relation to the integration of technology, assessment frameworks, and the use of 

tools such as AppSheet within spatial geometry learning contexts. 

Table 4. Previous research on mathematical literacy and the  

integration of technology, assessment, and spatial geometry. 

No. Research Title Ref. 

1 
Assessing tenth-grade students’ mathematical literacy skills in 

solving PISA problems 
[106] 

2 
Lower secondary students’ encounters with mathematical 

literacy 
[107] 

3 
Mathematics Literacy Task on Number Pattern Using Bengkulu 

Context for Junior High School Students 
[108] 

4 
Online Learning: How Does It Impact on Students' 

Mathematical Literacy in Elementary School? 
[109] 

5 
Minimum competency assessment to measure mathematical 

literacy of junior high school students 
[110] 

6 
Evolving three decades of geometry learning strategies: A 

combination of bibliometric analysis and systematic review 
[111] 

A review of recent studies reveals several interrelated factors contributing to 

students’ low mathematical literacy. Students in Grade 10 have been found to 

struggle with solving PISA tasks involving mathematical modeling and quantitative 

reasoning, indicating a limited capacity to apply mathematical knowledge in real-

world situations [106]. This is supported by findings that junior high school 

students frequently fail to connect mathematical concepts with everyday contexts, 

reflecting a shallow level of conceptual understanding [107]. 

Although contextualizing problems using local culture such as those in the 

Bengkulu region can increase student engagement, challenges in abstract reasoning 

and cognitive flexibility persist [108]. Moreover, online learning conditions have 

further worsened the situation, as limited teacher-student interaction significantly 

hampers the development of mathematical literacy, particularly at the elementary 

level [109]. Minimum competency assessments have also revealed a notable gap 

between procedural fluency and the ability to apply mathematics in unfamiliar or 

complex contexts [110]. 
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From a broader historical lens, the last three decades of instructional practices 

in geometry have not effectively addressed these challenges, pointing to persistent 

inadequacies in how geometry is taught to develop mathematical literacy [111]. 

These findings collectively suggest the need for a more comprehensive and 

integrated instructional approach (one that emphasizes conceptual understanding, 

real-world relevance, technological integration, and robust assessment design). 

The implications of these studies are far-reaching, impacting not only classroom 

teaching strategies but also informing educational policy and professional 

development programs aimed at addressing mathematical literacy deficits 

systemically and sustainably. 

4.2. Design of AppSheet for assessment in spatial geometry on mathe-

matical literacy 

Figure 5 illustrates the flow diagram of the AppSheet platform designed 

specifically to assess and enhance students’ mathematical literacy in spatial 

geometry. The flowchart demonstrates a structured development process that aligns 

technology integration with pedagogical objectives in mathematics education. 

 

Fig. 5. Flow chart of the appsheet application  

for mathematical literacy assessment. 

The process begins with the Start phase, initiating the construction of the 

AppSheet platform. This is followed by the development of a split-button 

navigation instrument, which allows users to interact with the application 

seamlessly. The workflow then branches into three essential components: 

(i) Answer Key provides structured support for problem-solving and helps 

students reflect on correct mathematical reasoning. 

(ii) Picture Integration incorporates visual elements such as geometric figures 

and contextual illustrations to reinforce spatial understanding. 
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(iii) Test Module serves as the core assessment component, enabling students 

to engage in mathematical literacy tasks designed to evaluate their 

comprehension, reasoning, and application skills. 

These elements converge at the Build APK stage, where the application is 

compiled into an executable mobile format, and the process concludes at the Finish 

phase. The split-button tool also features an Exit function, granting users flexibility 

and autonomy in their learning experience. 

This design reflects a user-centered approach that embeds key mathematical 

literacy principles (namely, contextualized problem-solving, multimodal 

representation, and interactive learning). The iterative structure of the application 

allows for continuous refinement based on classroom implementation and learner 

feedback, ensuring pedagogical alignment and usability [112]. Moreover, the 

integration of visual, procedural, and evaluative features supports the creation of 

an engaging digital learning environment that strengthens conceptual 

understanding and spatial reasoning [113, 114]. 

4.3. Development and iterative improvement of the application 

Figure 6 presents the AppSheet-based application developed to assess and improve 

mathematical literacy skills in spatial geometry, particularly focusing on three-

dimensional figures such as cuboids. The final product, accessible via Android 

devices, is structured as an interactive platform and can be previewed through the 

link: https://www.appsheet.com/start/baf15173-7035-4f57-86ad-0ed4f5cd6cb6. 

Figures 6(a) and 6(b) showcase a key interactive feature of the application, 

designed to support the development of students’ spatial reasoning through applied 

mathematical tasks. The example provided presents a problem involving a cuboid 

labeled (ABCD.EFGH), with clearly defined dimensions: length (AB = 8) m, width 

(BC = 6) m, and height (CG = 5) m. The problem is divided into two parts: 

(i) Task A: Calculating the area of the diagonal plane (ACGE), visually 

emphasized in red. 

(ii) Task B: Identifying the spatial diagonals of the cuboid. 

To support comprehension, dynamic image integration is used through an 

external link, allowing students to interact with labeled vertices (A–H) and visual 

representations of geometric dimensions. The interface features a multiple-choice 

format for answer input (e.g., selecting "D" or "H"), while system fields such as 

ComputedKey and Question ID facilitate automated scoring through algorithmic 

logic. In addition, a relational database of answers (including fields like Related 

Answers and Answer ID) enables detailed error tracking and supports the 

generation of varied question items through updatable image links. 

From a pedagogical perspective, this iterative design supports abstract 

reasoning by connecting symbolic problems with concrete visual representations. 

It emphasizes contextualized problem-solving through realistic geometry 

applications (e.g., calculating surface areas of diagonal planes) and enhances 

student feedback loops via real-time computerized assessment [115, 116]. As such, 

the AppSheet platform extends beyond conventional practice tools by fostering 

deeper conceptual understanding and enabling iterative cognitive development in 

mathematical literacy [117]. 

https://www.appsheet.com/start/baf15173-7035-4f57-86ad-0ed4f5cd6cb6
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Fig. 6. AppSheet spatial geometric: a) test number 1, b) test number 2. 

Figure 7 illustrates the spatial geometry test feature embedded in the 

AppSheet platform, specifically designed to train students’ ability to calculate 

surface area and volume in the context of square-based pyramids. This feature 

represents a contextualized problem-solving task that challenges students to 

apply geometric concepts to a real-world scenario involving the construction of 

a pyramid-shaped aquarium. 

In the task, students are provided with specific parameters: a square base with 

a side length of 10 cm and a vertical height of 12 cm. Based on this information, 

they are required to determine two key quantities: (i) the surface area of the glass 

needed to construct the aquarium and (ii) the volume of water required to fill it. 

Although the application does not present a visual illustration, the textual 

description substitutes for imagery and guides students in mentally visualizing the 

geometric shape and structure. 

This assessment feature reinforces mathematical literacy by integrating three 

critical components. First, it links abstract geometric concepts (such as surface area 

and volume) to tangible applications, enhancing the relevance of mathematics in 

daily life. Second, it provides practice in procedural fluency, requiring accurate use 

of formulas in solving measurement-related problems. Third, it promotes spatial 
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reasoning through descriptive cues that prompt students to mentally construct and 

manipulate geometric forms. 

By incorporating contextual problems, guided parameters, and real-time 

scoring mechanisms, AppSheet functions as an adaptive assessment tool. It 

supports differentiated learning while maintaining conceptual depth, positioning 

itself as a practical solution for strengthening students’ understanding of spatial 

geometry through inquiry-based and literacy-oriented assessment strategies. 

 

Fig. 7. Test number 3 about appsheet test spatial geometric. 

In the development process, this Appsheet has been validated by three experts, 

namely media experts, material experts, and language experts. There are several 

notes on the validation process that were made changes to the product before 

revision, including: i) media expert notes: the application must be set to be usable 

on the lowest and highest types of Android so that it can accommodate all types of 

Android owned by students, by setting the supported type of Android and making 

this Appsheet platform multi-functional which can be accessed in the form of 

applications on Android as well as web-based so that on PCs and other devices it 

is still used, in the first trial the image of the question did not appear so it is 

recommended that if there are obstacles in coding embed pictures directly, it is 

more efficient to enter the gdrive link to save and display the question image; ii) 

material expert notes, create questions mathematically by providing initial values 

as keys to solving problems in the use of mathematical structures and appropriate 

values to make it easier for students to solve problems in the questions, in addition, 

make sure the image of the geometric shape is clear accompanied by appropriate 

values and units; and iii) language expert notes, try to use clear and targeted 

language, not long-winded, choose the words used to explain the meaning and 

purpose of the question, and change the language of the question to English. 

Based on the validator's notes, improvements were made, and trials were 

conducted with ten users until the developed AppSheet could be read and used as 
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intended. The AppSheet is currently limited to just three questions, so further 

development is needed to make it more comprehensive. 

The development and validation process of the AppSheet platform involved 

rigorous evaluation by three distinct experts: media, material, and language 

specialists to ensure its pedagogical and technical efficacy. Media experts 

emphasized the necessity of cross-platform compatibility, recommending 

optimization for both low and high-end Android devices and dual functionality (app 

and web-based) to maximize accessibility. A critical technical adjustment was the 

shift from embedded image coding to Google Drive links to resolve display issues, 

enhancing reliability [118, 119].  

Material experts underscored the importance of structured problem-solving by 

mandating initial values and clear geometric diagrams with precise units, ensuring 

mathematical clarity and reducing cognitive load for students. Language experts 

advocated for concise, unambiguous question phrasing and a transition to English 

to standardize communication and align with global educational standards. 

Following iterative revisions informed by these validators, user trials with ten 

participants confirmed the platform's usability and alignment with learning 

objectives. However, the current limitation to three questions highlights the need 

for further expansion to achieve comprehensive coverage, suggesting future 

iterations should prioritize scalability and enriched content diversity to fully realize 

the tool's potential in enhancing spatial geometry literacy. 

4.4. Reflection of the application 

The implementation of the AppSheet platform yielded statistically significant 

improvements in students’ mathematical literacy, as evidenced by the results of the 

Wilcoxon signed-rank test. The test revealed a significance value of (p < 0.001), 

with a large effect size reflected by the notable disparity between positive ranks (M 

= 58.42) and negative ranks (M = 39.70). Given that (p <  = 0.05), the findings 

confirm the effectiveness of the AppSheet application in enhancing conceptual 

mastery of spatial geometry, particularly in guiding students' progression from 

lower to higher proficiency levels (Smith et al., 2022). 

Before the intervention, the distribution of students across achievement categories 

was predominantly in the “Very Poor” (D) group at 51%, followed by “Poor” (C) at 

26%, “Good” (B) at 13%, and only 10% in the “Very Good” (A) category. After 

using the AppSheet platform, a significant upward shift was observed, with many 

students moving into higher performance tiers and an outcome consistent with the 

positive rank dominance observed in the Wilcoxon analysis. 

These results highlight the pedagogical potential of interactive digital tools in 

outperforming traditional teaching methods, particularly in developing spatial 

reasoning and problem-solving skills essential to geometry education [120-122]. 

The shift in students’ mathematical competence also aligns with Vygotskian 

sociocultural theory, which posits that scaffolded environments (such as those 

offered by AppSheet) facilitate cognitive development by providing adaptive 

feedback and contextualized tasks [123-125]. 

Despite these promising outcomes, the limited sample size (N = 39) presents a 

constraint to generalizability. Therefore, future studies should replicate this 

research with larger and more diverse populations. Furthermore, incorporating 
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machine learning features to personalize learning pathways could increase 

effectiveness, while expanding the complexity of assessment tasks would allow for 

measurement of higher-order thinking skills [126, 127]. These refinements, in line 

with recommendations from the National Council of Teachers of Mathematics, 

would further establish AppSheet as a transformative tool in STEM education [128, 

129]. Finally, this study adds new information regarding mathematics education 

(see Table 5). 

Table 5. Previous studies regarding mathematics education. 

No. Title Ref. 

1 
Structural equation modelling of factors influencing confidence in 

mathematics 
[130] 

2 
Factors that affect the performance of selected high school students from 

the third district of Albay in International Mathematics Competitions 
[131] 

3 
Efforts to increase the interest of junior high school students in 

mathematics lessons using the TikTok learning tool 
[132] 

4 
Math readiness and its effect on the online academic performance of 

science, technology, engineering, and mathematics students 
[133] 

5 
Assessing teachers’ formative evaluation strategy as related to senior 

secondary school students’ achievement in mathematics 
[134] 

6 
Exploration of the effect of the scaffolding instructional strategy on 

pupils’ academic performance in mathematics 
[135] 

7 
Effect of peer-tutoring strategy on senior secondary school students’ 

achievement in mathematics 
[136] 

8 
Exploring effective differentiated instruction in the teaching and 

learning of mathematics 
[137] 

9 
Impact of single parenting on academic performance of junior secondary 

school students in mathematics 
[138] 

10 

Perceptions of senior high school science, technology, engineering, and 

mathematics (STEM) students toward STEM and non-STEM courses: 

A comparative qualitative study 

[139] 

5. Conclusion 

This study developed and validated an AppSheet-based digital application designed 

to assess and enhance students’ mathematical literacy in the context of spatial 

geometry. Using a DBR approach, the application was constructed through iterative 

cycles involving analysis, development, implementation, and reflection within 

authentic classroom settings. The results demonstrated a statistically significant 

improvement in students' performance, particularly in conceptual understanding, 

spatial reasoning, and the application of geometric formulas in real-world contexts.  

The reasoning behind these improvements lies in the AppSheet platform’s 

ability to contextualize mathematical tasks, integrate visual and interactive 

components, and provide automated feedback, which collectively support 

metacognitive development and learner engagement. The tool proved effective in 

bridging the gap between abstract mathematical knowledge and practical 

application. Given its adaptability and accessibility, the AppSheet platform 

represents a promising model for technology-based assessment tools in STEM 

education. Future research is encouraged to expand its application across diverse 

topics and integrate intelligent features for personalized learning, thereby 

reinforcing its role in advancing mathematical literacy at scale. 



2054       H. Sujiarto and W. Setiawardani 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

References 

1. Çakıroğlu, Ü.; Güler, M.; Dündar, M.; and Coşkun, F. (2024). Virtual reality 

in realistic mathematics education to develop mathematical literacy skills. 

International Journal of Human Computer Interaction, 40(17), 4661-4673. 

2. Wijaya, T.T.; Yu, Q.; Cao, Y.; He, Y.; and Leung, F.K. (2024). Latent profile 

analysis of AI literacy and trust in mathematics teachers and their relations with 

AI dependency and 21st-century skills. Behavioral Sciences, 14(11), 1008. 

3. Serin, H. (2023). The significance of mathematical literacy in today’s society. 

International Journal of Social Sciences and Educational Studies, 10(2), 396-402. 

4. Aisyah, A.; and Juandi, D. (2022). The description of Indonesian student 

mathematics literacy in the last decade. International Journal of Trends in 

Mathematics Education Research, 5(1), 105-110. 

5. Igarashi, T.; and Suryadarma, D. (2023). Foundational mathematics and 

reading skills of Filipino students over a generation. International Journal of 

Educational Development, 96, 102688. 

6. Mujiya Ulkhaq, M.; Oggioni, G.; and Riccardi, R. (2025). How efficient are 

schools in South-East Asia? An analysis through OECD PISA 2018 data. 

Educational Research and Evaluation, 30(3-4), 212-243. 

7. Prayekti, N. (2023). Higher order thinking skill of IX grade students in solving 

mathematics problems based on Bloom's taxonomy. International Journal of 

Current Science Research and Review, 6(12), 7797-7804. 

8. Darussyamsu, R.; Rusdinal, R.; Ananda, A.; and Gistituati, N. (2021). 

Educational assessment system in Japan, Germany, and Indonesia.; a 

comparative study. International Journal of Progressive Sciences and 

Technologies, 27(1), 408-416. 

9. Mohsenpour, M.; Gooya, Z.; Shokoohi Yekta, M.; Kiamanesh, A.; and 

Bazargan, A. (2014). Designing and developing a test for cognitive 

competencies of the Iranian students’ mathematics literacy based on PISA 

studies. Theory and Practice in the Curriculum, 2(4), 5-34. 

10. Kusmaryono, I.; and Kusumaningsih, W. (2023). Evaluating the results of 

PISA assessment: are there gaps between the teaching of mathematical literacy 

at schools and in PISA assessment? European Journal of Educational 

Research, 12(3). 

11. Nurqamar, D.; and Nur, I.R.D. (2022). Comparative study of indonesian 

students' mathematical literacy abilities with other countries in terms of PISA 

type HOTS. EduMa: Mathematics Education Learning and Teaching, 11(1), 

45-56. 

12. Rastuti, M.; and Prahmana, R.C.I. (2021). The programme for international 

student assessment research in Indonesia. Jurnal Elemen, 7(2), 232-253. 

13. Ozkale, A.; and Ozdemir Erdogan, E. (2022). An analysis of the interaction 

between mathematical literacy and financial literacy in PISA. International 

Journal of Mathematical Education in Science and Technology, 53(8), 1983-2003. 

14. Maralova, B. (2024). Development and cultivation of mathematical literacy: A 

pedagogical perspective. Eurasian Science Review An International Peer-

Reviewed Multidisciplinary Journal, 2(2), 94-99. 



Designing a No Code Assessment to Analyse Students’ Mathematical . . . . 2055 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

15. Kozakli Ulger, T.; Bozkurt, I.; and Altun, M. (2022). Analyzing in-service 

teachers' process of mathematical literacy problem posing. International 

Electronic Journal of Mathematics Education, 17(3), 1-19. 

16. Rakhmawati, Y.; and Mustadi, A. (2022). The circumstances of literacy 

numeracy skill: Between notion and fact from elementary school students. 

Jurnal Prima Edukasia, 10(1), 9-18. 

17. Kustati, M. (2021). Mathematical literacy: A case study on Padang students’ 

mathematical ability. Al-Jabar: Jurnal Pendidikan Matematika, 12(1). 

18. Laamena, C.M.; and Laurens, T. (2021). Mathematical literacy ability and 

metacognitive characteristics of mathematics pre-service teacher. Infinity 

Journal, 10(2), 259-270. 

19. Heryani, Y.; Wijayanti, K.; and Dewi, N.R. (2023). Analysis of student's 

mathematical literacy ability in solving HOTS problems in minimum 

competency assessment. Journal of Higher Education Theory and Practice, 

23(16). 

20. Boaler, J.; Brown, K.; LaMar, T.; Leshin, M.; and Selbach-Allen, M. (2022). 

Infusing mindset through mathematical problem solving and collaboration: 

Studying the impact of a short college intervention. Education Sciences, 

12(10), 694. 

21. Samuel, T.S.; Buttet, S.; and Warner, J. (2023). “I Can Math, Too!”: Reducing 

math anxiety in STEM-related courses using a combined mindfulness and 

growth mindset approach (MAGMA) in the classroom. Community College 

Journal of Research and Practice, 47(10), 613-626. 

22. Chasanah, A.N. (2021). The classification of mathematical literacy ability in 

cognitive growth learning viewed from multiple intelligences. Southeast Asian 

Mathematics Education Journal, 11(1), 1-12. 

23. Nurwahid, M.; and Ashar, S. (2022). A literature review: Efforts to overcome 

student’s mathematical literacy. Jurnal Eksakta Pendidikan (JEP), 6(2), 214-221. 

24. İlhan, A. (2021). The impact of game-based, modeling, and collaborative 

learning methods on the achievements, motivations, and visual mathematical 

literacy perceptions. SAGE Open, 11(1), 21582440211003567. 

25. Firdaus, F.M.; and Herman, T. (2017). Improving primary students' 

mathematical literacy through problem based learning and direct instruction. 

Educational Research and Reviews, 12(4), 212-219. 

26. Elfira, M.S.; and Syahfitri, D. (2023). Pengaruh model pembelajaran auditory, 

intellectually, repetition (AIR) terhadap prestasi belajar siswa kelas X pada 

mata pelajaran fiqih di MAS Al-washliyah Pangkalan Brandan. Center of 

Knowledge: Jurnal Pendidikan Dan Pengabdian Masyarakat, 8(2) 123-131. 

27. Suryani, E.; Susanti, E.; and Aisyah, N. (2024). Analisis kemampuan siswa 

dalam memahami soal literasi matematika dengan berbantu game berbasis 

android. Kognitif: Jurnal Riset HOTS Pendidikan Matematika, 4(4), 1446-

1454. 

28. Puspaningtyas, N.D.; and Ulfa, M. (2020). Pelatihan soal matematika berbasis 

literasi numerasi pada siswa SMA IT Fitrah Insani. Jurnal Pengabdian 

Masyarakat MIPA dan Pendidikan MIPA, 4(2), 137-140. 



2056       H. Sujiarto and W. Setiawardani 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

29. Chen, Y. (2022). Measurement, evaluation, and model construction of 

mathematical literacy based on IOT and PISA. Mathematical Problems in 

Engineering, 2022(1), 3278401. 

30. Setiawardani, W.; Robandi, B.; and Djohar, A.A. (2021). Critical pedagogy in 

the era of the industrial revolution 4.0 to improve digital literacy students 

welcoming society 5.0 in Indonesia. PrimaryEdu: Journal of Primary 

Education, 5(1), 107-118. 

31. Hadiansah, D.; Setiawardani, W.; and Sholeh, M. (2021). Digital literation 

proficiency of elementary school students in the era of the Industrial 

Revolution 4.0. PrimaryEdu: Journal of Primary Education, 5(1), 80-87. 

32. Shafa, A.F.; and Yunianta, T.N.H. (2022). Pengembangan video pembelajaran 

interaktif berbantuan aplikasi Geogebra materi program linear untuk 

meningkatkan kemampuan literasi matematika. AKSIOMA: Jurnal Program 

Studi Pendidikan Matematika, 11(2), 1127-1136. 

33. Susilawati, A.; Al-Obaidi, A.S.M.; Abduh, A.; Irwansyah, F.S.; and 

Nandiyanto, A.B.D. (2025). How to do research methodology: From literature 

review, bibliometric, step-by-step research stages, to practical examples in 

science and engineering education. Indonesian Journal of Science and 

Technology, 10(1), 1-40. 

34. Liu, D.; Jiang, H.; Guo, S.; Chen, Y.; and Qiao, L. (2023). What's wrong with 

low-code development platforms? An empirical study of low-code 

development platform bugs. IEEE Transactions on Reliability, 73(1), 695-709. 

35. Wilodati, W.; Wulandari, P.; and Nur, R.J. (2024). Design of information, 

communication, and technology (ICT) based Appsheet for collecting data in 

decision making: A case study of father’s parenting in children’s character 

education in female migrant worker families. Journal of Engineering Science 

and Technology, 19(4), 1420-1441. 

36. Bajsair, F.; and Baisyir, F. (2025). Implementation of teacher and staff 

attendance information system android-based with Appsheets and 

Spreadsheets for SMP Al-Imam islamic school Cileungsi. Journal of Artificial 

Intelligence and Engineering Applications (JAIEA), 4(3), 2023-2031. 

37. Dinh-Cuong, D.; and Anh-Tu, B. (2024). Enhancing student admissions 

management efficiency through digital transformation: A case study using a 

no-code development platform. International Research Journal of Science, 

Technology, Education, and Management (IRJSTEM), 4(1), 134. 

38. Khatir, N.; and Madani, H. (2024). The impact of digital transformation on 

achieving outstanding performance in educational administration. 

International Journal of Educational Management, 38(7), 1821-1838. 

39. Haerani, R.; Devi, P.A.P.; Hendriyati, P.; and Ansor, A.S. (2025). 

Implementation of elementary school student attendance information system 

based on android using AppSheet. Jurnal Sisfokom (Sistem Informasi dan 

Komputer), 14(2), 136-140. 

40. Tanharaphan, S.; Rodvanich, T.; Aupasao, Y.; and Kaothanthong, N. (2025). 

An in-house time tracking application development with a Low-To-No-Code 

platform. Journal of Applied Informatics and Technology, 7(2), 42-57. 

41. Al Maruf, A.; Paul, R.; Imam, M.H.; and Babar, Z. (2022). A systematic review 

of the role of SQL and excel in data-driven business decision-making for 



Designing a No Code Assessment to Analyse Students’ Mathematical . . . . 2057 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

aspiring analysts. American Journal of Scholarly Research and Innovation, 

1(01), 249-269. 

42. Sousa, R.; Miranda, R.; Moreira, A.; Alves, C.; Lori, N.; and Machado, J. 

(2021). Software tools for conducting real-time information processing and 

visualization in industry: An up-to-date review. Applied Sciences, 11(11), 

4800. 

43. Haq, M.D.; Anggraeni, L.; Zein, A.S.; Petrovic, N.; and Indhirawati, R. (2024). 

A RAD-Based approach to eMonevCLC for monitoring and evaluation in 

community learning center. Journal of Advanced Research in Applied Sciences 

and Engineering Technology, 51(1), 70-84. 

44. Ogbuefi, E.; Mgbame, A.C.; Akpe, O.E.; Abayomi, A.A.; and Adeyelu, O.O. 

(2024). Operationalizing SME growth through real-time data visualization and 

analytics. International Journal of Advanced Multidisciplinary Research and 

Studies, 4(6), 2033-2054. 

45. Pratama, A. (2025). Transforming employee performance with AppSheet I-

DO digital product knowledge enhancement. Jurnal Ilmiah Manajemen 

Kesatuan, 13(4), 2373-2382. 

46. Al-Obaidi, A.S.M. (2026). The journal of engineering, science and technology 

(JESTEC): A bibliometric insight into materials research trends and innovation 

to support sustainable development goals (SDGs). ASEAN Journal for Science 

and Engineering in Materials, 5(1), 101-122. 

47. Garlinska, M.; Osial, M.; Proniewska, K.; and Pregowska, A. (2023). The 

influence of emerging technologies on distance education. Electronics, 12(7), 

1550. 

48. Ames, K.; Harris, L.R.; Dargusch, J.; and Bloomfield, C. (2021). ‘So you can 

make it fast or make it up’: K-12 teachers’ perspectives on technology’s 

affordances and constraints when supporting distance education learning. The 

Australian Educational Researcher, 48(2), 359-376. 

49. Liu, M.; and Yu, D. (2023). Towards intelligent E-learning systems. Education 

and Information Technologies, 28(7), 7845-7876. 

50. Huda, M. (2024). Between accessibility and adaptability of digital platform: 

Investigating learners' perspectives on digital learning infrastructure. Higher 

education, skills and work-based learning, 14(1), 1-21. 

51. Kusuma, D.; Sukestiyarno, Y.L.; and Cahyono, A.N. (2022). The 

characteristics of mathematical literacy based on students' executive function. 

European Journal of Educational Research, 11(1), 193-206. 

52. Zubainur, C.M.; Rossalina, C.R.; Subianto, M.; and Fadhiliani, D. (2025). 

Unpacking research on computational thinking in mathematics education: A 

systematic literature review. Jurnal Elemen, 11(2), 447-467. 

53. Hawani, A.; Chikha, A.B.; Zoghlami, W.; Marsigliante, S.; and Muscella, A. 

(2025). Exchequer motor game enhances geometric thinking and mood in first 

grade children. Discover Education, 4(1), 116. 

54. Umbara, U.; Prabawanto, S.; and Jatisunda, M.G. (2023). Combination of 

mathematical literacy with ethnomathematics: How to perspective sundanese 

culture. Infinity Journal, 12(2), 393-414. 



2058       H. Sujiarto and W. Setiawardani 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

55. Mansour, N.; Aras, C.; Staarman, J.K.; and Alotaibi, S.B.M. (2025). Embodied 

learning of science concepts through augmented reality technology. Education 

and Information Technologies, 30(6), 8245-8275. 

56. Angraini, L.M.; Kania, N.; and Gürbüz, F. (2024). Students' proficiency in 

computational thinking through constructivist learning theory. International 

Journal of Mathematics and Mathematics Education, 2(1), 45-59. 

57. Manfreda Kolar, V.; and Hodnik, T. (2021). Mathematical literacy from the 

perspective of solving contextual problems. European Journal of Educational 

Research, 10(1), 467-483. 

58. Nobutoshi, M. (2023). Metacognition and reflective teaching: A synergistic 

approach to fostering critical thinking skills. Research and Advances in 

Education, 2(9), 1-14. 

59. Amjadi, A.; and Talebi, S.H. (2024). Extending the efficacy of collaborative 

strategic reading (CSR) in teaching reading strategies: A socio-cultural 

emotional perspective. Language Teaching Research, 28(2), 714-748. 

60. Salvatore, S.; Palmieri, A.; Cordella, B.; and Iuso, S. (2021). The decay of 

signs’ semiotic value: A cultural psychology interpretation of the 

contemporary social scenario. Culture and Psychology, 27(4), 539-561. 

61. Demir, S.B. (2018). The effect of teaching quality and teaching practices on 

PISA 2012 Mathematics Achievement of Turkish Students. International 

Journal of Assessment Tools in Education, 5(4), 645-658. 

62. Chen, Y.; Qin, Z.; Sun, L.; Wu, J.; Ai, W.; Chao, J.; Li, H.; and Li, J. (2025). 

GDT framework: integrating generative design and design thinking for 

sustainable development in the AI era. Sustainability, 17(1), 372. 

63. Boguna, M.; Bonamassa, I.; De Domenico, M.; Havlin, S.; Krioukov, D.; and 

Serrano, M.Á. (2021). Network geometry. Nature Reviews Physics, 3(2), 114-

135. 

64. Smith, A.; and Zavala, V.M. (2021). The Euler characteristic: A general 

topological descriptor for complex data. Computers and Chemical 

Engineering, 154, 107463. 

65. Nurnberger‐Haag, J.; and Thompson, C.A. (2023). Simplest shapes first! but 

let's use cognitive science to reconceive and specify what “simple” means. 

Mind, Brain, and Education, 17(1), 5-19. 

66. Zhou, L.; Wu, G.; Zuo, Y.; Chen, X.; and Hu, H. (2024). A comprehensive 

review of vision-based 3D reconstruction methods. Sensors, 24(7), 2314. 

67. Hibi, W. (2024). A lesson in philosophy of high school geometry-strange circle 

and discrete space. The International Journal of Science, Mathematics and 

Technology Learning, 31(2), 45. 

68. Giacomoni, G. (2022). Towards a general framework for innovation shaped 

with AI to create and transform market offerings. European Management 

Review, 19(1), 107-122. 

69. Sarkar, J. (2025). Area bisector lines of a triangle. Resonance, 30(6), 803-818. 

70. Wei, R. (2024). Advances in geometry: A review of recent developments. 

Global Journal of Mathematics and Statistics, 1(1), 10-20. 



Designing a No Code Assessment to Analyse Students’ Mathematical . . . . 2059 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

71. Borda, A.G.; Navarro, O.B.; Ayquipa, C.G.; and Uribe, M.M. (2024). 

Conceptualization and acceptance of non-euclidean geometries. Estudios y 

Perspectivas Revista Científica y Académica, 4(1), 2293-2308. 

72. Luciano, M.; Tomba, C.; Roux, A.; and Gabriele, S. (2024). How multiscale 

curvature couples forces to cellular functions. Nature Reviews Physics, 6(4), 

246-268. 

73. Rabillas, A.; Kilag, O.K.; Canete, N.; Trazona, M.; Calope, M.L.; and Kilag, 

J. (2023). Elementary Math learning through Piaget's cognitive development 

stages. Excellencia: International Multi-disciplinary Journal of Education, 

1(4), 128-142. 

74. Ye, H.; Liang, B.; Ng, O.L.; and Chai, C.S. (2023). Integration of 

computational thinking in K-12 mathematics education: A systematic review 

on CT-based mathematics instruction and student learning. International 

Journal of STEM Education, 10(1), 3. 

75. Li, S.; Liu, Y.; Chen, D.; Jiang, Y.; Nie, Z.; and Pan, F. (2022). Encoding the 

atomic structure for machine learning in materials science. Wiley 

Interdisciplinary Reviews: Computational Molecular Science, 12(1), e1558. 

76. Altiparmak, K.; and Gürcan, G. (2021). Examination of 4th grade students' 

definitions for square, rectangle and triangle geometric shapes. Education 

Quarterly Reviews, 4(3), 304-321. 

77. Zhao, C.; Xu, Y.; He, Z.; Tang, J.; Zhang, Y.; H an, J.; Shi, Y.; and Zhou, W. 

(2021). Lung segmentation and automatic detection of COVID-19 using 

radiomic features from chest CT images. Pattern recognition, 119, 108071. 

78. Strunz, P. (2022). Analytical solution of orthogonal similar oblate spheroidal 

coordinate system. Celestial Mechanics and Dynamical Astronomy, 134(6), 51. 

79. Haro, A.; and Aguilar, M.S. (2025). Learning obstacles and teaching proposals 

associated with the polar coordinate system: A literature review. International 

Journal of Mathematical Education in Science and Technology, 56(5), 828-850. 

80. Zhao, J.; Zhao, S.; and Luding, S. (2023). The role of particle shape in 

computational modelling of granular matter. Nature Reviews Physics, 5(9), 

505-525. 

81. Siddiqi, M.D.; Mofarreh, F.; Siddiqui, A.N.; and Siddiqui, S.A. (2023). 

Geometrical structure in a relativistic thermodynamical fluid spacetime. 

Axioms, 12(2), 138. 

82. Devi, S.; Sangwan, A.; Sangwan, A.; Mohammed, M.A.; Kumar, K.; Nedoma, 

J.; Martinek, R.; and Zmij, P. (2022). The use of computational geometry 

techniques to resolve the issues of coverage and connectivity in wireless sensor 

networks. Sensors, 22(18), 7009. 

83. Castañeda, F.D.; García-Acosta, G.; Garzón-Alvarado, D.A.; Márquez-Flórez, 

K.; Quexada-Rodriguez, D.A.; and Velasco, M.A. (2024). Design for the 

additive manufacturing of structural elements with cellular materials using 

Voronoi diagrams and Delaunay triangulations: Biological and structural 

applications. Mechanics of Advanced Materials and Structures, 31(27), 9550-

9570. 

84. Yu, H.P.; and Zhu, Y.J. (2024). Guidelines derived from biomineralized tissues 

for design and construction of high-performance biomimetic materials: From 

weak to strong. Chemical Society Reviews, 53(9), 4490-4606. 



2060       H. Sujiarto and W. Setiawardani 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

85. Meng, X.; Zhang, L.; Meng, P.; Yu, Z.; and Diao, Z. (2024). Harmony in 

complexity: Unveiling the symbiotic dance of mathematics and visual art 

through the lens of order. Journal of the Knowledge Economy, 15(3), 13654-

13672. 

86. Agbata, B.; Obeng-Denteh, W.; Abraham, S.; Asante-Mensa, F.; Kwabi, P.; 

Okpako, S.; Amoah-Mensah, J.; and Arivi, S.S. (2024). Advancing 

mathematics education in Africa: Challenges, strategies, and prospects. 

Science World Journal, 19(3), 808-818. 

87. Bertacchini, F.; Pantano, P.S.; and Bilotta, E. (2024). From science to art 

forms: Exploring design, creativity and innovation through chaos 

physicalization. International Journal of Design Creativity and Innovation, 

12(1), 23-60. 

88. Cumino, C.; Pavignano, M.; Spreafico, M.L.; and Zich, U. (2021). Geometry 

to build models, models to visualize geometry. Digital Experiences in 

Mathematics Education, 7(1), 149-166. 

89. Jablonski, S.; and Ludwig, M. (2023). Teaching and learning of geometry A 

literature review on current developments in theory and practice. Education 

Sciences, 13(7), 682. 

90. Zhang, C.; Yang, J.; Hedlin, E.; Takikawa, S.; Vining, N.; Yi, K.M.; Wang, 

W.; and Sheffer, A. (2025). NESI: Neural Explicit-Shape-Intersection-Based 

Geometry Representation. ACM Transactions on Graphics, 44(5), 1-23. 

91. Wang, P.; Wang, Z.; Xin, S.; Gao, X.; Wang, W.; and Tu, C. (2022). Restricted 

delaunay triangulation for explicit surface reconstruction. ACM Transactions 

on Graphics, 41(5), 1-20. 

92. Kunwar, R. (2024). Inductive insights into preserving euler characteristics in 

topological transformations. Journal of Mathematics Instruction, Social 

Research and Opinion, 3(3), 335-354. 

93. Ranjazmay Azari, M.; Bemanian, M.; Mahdavinejad, M.; Körner, A.; and 

Knippers, J. (2023). Application-based principles of islamic geometric 

patterns.; state-of-the-art, and future trends in computer science/technologies: 

A review. Heritage Science, 11(1), 1-35. 

94. Naskręcki, B.; Jaskolski, M.; and Dauter, Z. (2022). The Euler characteristic 

as a basis for teaching topology concepts to crystallographers. Applied 

Crystallography, 55(1), 154-167. 

95. Asghari, A.; Kalantari, M.; Rajabifard, A.; and Shin, J. (2023). Developing an 

integrated approach to validate 3D ownership spaces in complex multistorey 

buildings. International Journal of Geographical Information Science, 37(1), 

215-242. 

96. Bodnar, C.; Di Giovanni, F.; Chamberlain, B.; Lio, P.; and Bronstein, M. 

(2022). Neural sheaf diffusion: A topological perspective on heterophily and 

oversmoothing in gnns. Advances in Neural Information Processing Systems, 

35, 18527-18541. 

97. Kletetschka, G. (2025). Three-dimensional time: A mathematical framework 

for fundamental physics. Reports in Advances of Physical Sciences, 9, 

2550004. 



Designing a No Code Assessment to Analyse Students’ Mathematical . . . . 2061 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

98. Nazarovich, S.T.; and Kurudirek, A. (2024). An overview of existing problems 

in teaching the science fundamentals of geometry. International Journal of 

Social Sciences and Educational Studies, 11(2), 91-106. 

99. Akbari, M.; Mirabolghasemi, A.; Bolhassani, M.; Akbarzadeh, A.; and 

Akbarzadeh, M. (2022). Strut‐based cellular to shellular funicular materials. 

Advanced Functional Materials, 32(14), 2109725. 

100. Wang, K. (2021). A theoretical analysis method of spatial analytic geometry 

and mathematics under digital twins. Advances in Civil Engineering, 2021(1), 

8910274. 

101. Ekanem, I.I.; Ikpe, A.E.; and Udoh, V.E. (2024). Principles of crystal 

structures for bravais lattice: A study on symmetry within lattice and 

diffraction lines in crystallography. Biocompounds, 1(1), 1-23. 

102. Kistelegdi, I.; Horváth, K.R.; Storcz, T.; and Ercsey, Z. (2022). Building 

geometry as a variable in energy, comfort, and environmental design 

optimization a review from the perspective of architects. Buildings, 12(1), 69. 

103. Heilman, S. (2021). Symmetric convex sets with minimal Gaussian surface 

area. American Journal of Mathematics, 143(1), 53-94. 

104. Li, Y.M.; Khan, M.I.; Khan, S.A.; Khan, S.U.; Shah, Z.; and Kumam, P. 

(2021). An assessment of the mathematical model for estimating of entropy 

optimized viscous fluid flow towards a rotating cone surface. Scientific 

Reports, 11(1), 10259. 

105. Das, P.; Islam, M.A.; and Mondal, D. (2024). Analysis of thermomechanical 

stresses in dual compound thick cylinders under asymmetric loads: An 

analytical and numerical method. Heliyon, 10(3). 

106. Almarashdi, H.S.; and Jarrah, A.M. (2023). Assessing tenth-grade students’ 

mathematical literacy skills in solving PISA problems. Social Sciences, 12(1), 33. 

107. Bolstad, O.H. (2023). Lower secondary students’ encounters with mathematical 

literacy. Mathematics Education Research Journal, 35(1), 237-253. 

108. Susanta, A.; Sumardi, H.; Susanto, E.; and Retnawati, H. (2023). Mathematics 

literacy task on number pattern using Bengkulu context for junior high school 

students. Journal on Mathematics Education, 14(1), 85-102. 

109. Fauzi, I.; and Chano, J. (2022). Online learning: How does it impact on 

students' mathematical literacy in elementary school? Journal of Education 

and Learning, 11(4), 220-234. 

110. Syaifuddin, M. (2022). Minimum competency assessment to measure 

mathematical literacy of junior high school students. Journal of Education 

Research and Evaluation, 6(2), 316-326. 

111. Almubarak, M.; Maat, S.M.; and Mahmud, M.S. (2025). Evolving three 

decades of geometry learning strategies: A combination of bibliometric 

analysis and systematic review. Eurasia Journal of Mathematics, Science and 

Technology Education, 21(6), 2654. 

112. Susanti, E.; Aisyah, N.; and Silaen, E.O. (2025). Developing STEM-Based 

digital worksheet to encourage students' problem-solving skills. Indiktika: 

Jurnal Inovasi Pendidikan Matematika, 7(2), 489-505. 

113. Sihombing, R.A.; Rochintaniawati, D.; Agustin, R.R.; and Rahman, T. (2025). 

STEM-Based teaching materials to support scientific literacy and 



2062       H. Sujiarto and W. Setiawardani 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

sustainability awareness: A critical review. International Journal of Education 

in Mathematics, Science and Technology, 13(3), 597-622. 

114. Setiasih, O.; Setiawardani, W.; and Yusron, E. (2023). Exploring factors 

influencing student's learning difficulties during pandemic in Indonesia: A 

structural equation modelling. European Journal of Educational Research, 

12(1), 1-14. 

115. Fokuo, M.O.; Opuku-Mensah, N.; Asamoah, R.; Nyarko, J.; Agyeman, K.D.; 

Owusu-Mintah, C.; and Asare, S. (2023). The use of visualization tools in 

teaching mathematics in college of education: A systematic review. Online 

Journal of Mathematics, Science and Technology Education, 4(1), 65-75. 

116. Bizami, N.A.; Tasir, Z.; and Kew, S.N. (2023). Innovative pedagogical 

principles and technological tools capabilities for immersive blended learning: 

A systematic literature review. Education and Information Technologies, 

28(2), 1373-1425. 

117. Dung, T.M. (2024). Enhancing student's mathematical competency in learning 

the graph and properties of the sine function by Google Sheets app on 

smartphone. Tạp chí Khoa học Đại học Đồng Tháp, 13(7), 109-120. 

118. AlNajdi, S.M. (2022). The effectiveness of using augmented reality (AR) to 

enhance student performance: Using quick response (QR) codes in student 

textbooks in the Saudi education system. Educational Technology Research 

and Development, 70(3), 1105-1124. 

119. Nasralla, M.M.; Khattak, S.B.A.; Ur Rehman, I.; and Iqbal, M. (2023). 

Exploring the role of 6G technology in enhancing quality of experience for M-

health multimedia applications: a comprehensive survey. Sensors, 23(13), 

5882. 

120. Danlami, K.B.; Zakariya, Y.F.; Balarabe, B.; Alotaibi, S.B.; and Alrosaa, T.M. 

(2025). Improving students' performance in geometry: An empirical evidence 

of the effectiveness of brainstorming learning strategy. Frontiers in 

Psychology, 16, 1577912. 

121. Scippo, S.; Madiai, S.; and Cuomo, S. (2025). Digital tessellation for geometry 

learning in primary school: A quasi-experimental Study. Journal of 

Information Technology Education, 24, 1-31. 

122. Robandi, B.; Setiawardani, W.; and Apriyanto, A. (2025). Factors influencing 

the pedagogical competence of elementary school teachers in the digital era: A 

survey study. Journal of General Education and Humanities, 4(2), 561-574. 

123. Clemente-Suárez, V.J.; Beltrán-Velasco, A.I.; Herrero-Roldán, S.; Rodriguez-

Besteiro, S.; Martínez-Guardado, I.; Martín-Rodríguez, A.; and Tornero-

Aguilera, J.F. (2024). Digital device usage and childhood cognitive 

development: Exploring effects on cognitive abilities. Children, 11(11), 1299. 

124. Botirjonovna, I.D. (2025). The concept of cognitive activity in a digital 

learning environment and the characteristics of its development. European 

International Journal of Pedagogics, 5(03), 178-181. 

125. Reinhold, F.; Leuders, T.; Loibl, K.; Nückles, M.; Beege, M.; and Boelmann, 

J.M. (2024). Learning mechanisms explaining learning with digital tools in 

educational settings: A cognitive process framework. Educational Psychology 

Review, 36(1), 14. 



Designing a No Code Assessment to Analyse Students’ Mathematical . . . . 2063 

 
 
Journal of Engineering Science and Technology      December 2025, Vol. 20(6) 

 

126. Song, C.; Shin, S.Y.; and Shin, K.S. (2024). Implementing the dynamic 

feedback-driven learning optimization framework: A machine learning 

approach to personalize educational pathways. Applied Sciences, 14(2), 916. 

127. Gligorea, I.; Cioca, M.; Oancea, R.; Gorski, A.T.; Gorski, H.; and Tudorache, 

P. (2023). Adaptive learning using artificial intelligence in e-learning: A 

literature review. Education Sciences, 13(12), 1216. 

128. Li, D.; Osman, S.; and Alhassora, N.S.A. (2025). Unlocking spatial wisdom: 

A polya-inspired approach to strengthening year 5 students' higher-order 

thinking skills. International Journal of Instruction, 18(2), 593-614. 

129. Alanazi, A.A.; Osman, K.; and Halim, L. (2024). Effect of scaffolding 

strategies and guided discovery on higher-order thinking skills in physics 

education. Eurasia Journal of Mathematics, Science and Technology 

Education, 20(9), 2496. 

130. Bendol, R.L.; and Dalayap Jr., R.H. (2025). Structural equation modelling of 

factors influencing confidence in mathematics. ASEAN Journal of Educational 

Research and Technology, 4(2), 107-124. 

131. Jose, M.T.N.S. (2022). Factors that affect the performance of selected high 

school students from the third district of Albay in International Mathematics 

Competitions. ASEAN Journal for Science Education, 1(1), 9-16. 

132. Dermawan, R.; Muktiarni, M.; and Mupita, J. (2022). Efforts to increase the 

interest of junior high school students in mathematics lessons using the TikTok 

learning tool. ASEAN Journal for Science Education, 1(2), 81-88. 

133. Lagcao, Y.G.D.; Dechavez, J.P.A.D.; Goleng, D.J.G.; Lagca, Y.G.D.; Tangkli, 

K.Y.M.; and Vicera, W.J.C. (2023). Math readiness and its Effect on the online 

academic performance of science, technology, engineering, and mathematics 

students. ASEAN Journal for Science Education, 2(1), 33-38. 

134. Awofala, A.O.A.; and Olaniyi, A.O. (2023). Assessing teachers’ formative 

evaluation strategy as related to senior secondary school students’ achievement 

in mathematics. ASEAN Journal for Science Education, 2(2), 77-86. 

135. Obafemi, K.E.; Saadu, U.T.; Yahaya, O.; Obafemi, T.O.; and Yakubu, F.M. 

(2024). Exploration of the effect of scaffolding instructional strategy on pupils’ 

academic performance in mathematics. ASEAN Journal for Science Education, 

2(2), 121-128. 

136. Awofala, A.O.A.; and Agbolade, F.O.O. (2024). Effect of peer-tutoring 

strategy on senior secondary school students’ achievement in mathematics. 

ASEAN Journal for Science Education, 3(1), 1-12. 

137. Padmore, E.A.; and Ali, C.A. (2024). Exploring effective differentiated 

instruction in the teaching and learning of mathematics. ASEAN Journal for 

Science Education, 3(1), 41-54. 

138. Lasisi, A.K.; Hassan, A.A.; and Abdulkareem, H.B. (2024). Impact of single 

parenting on academic performance of junior secondary school students in 

mathematics. ASEAN Journal for Science Education, 3(2), 129-138. 

139. Camilon, K.F.; Dupitas, J.E.A.; Cajandig, A.M.C.; Cuba, B.A.A.; Valdez, 

A.G.; Abelito, J.T.; and Marcella, A.M.A. (2025). Perceptions of senior high 

school science, technology, engineering, and mathematics (STEM) students 

toward STEM and non-STEM courses: A comparative qualitative study. 

ASEAN Journal for Science Education, 4(2), 105-112. 


