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Abstract 

Spatial skills are essential in engineering but are often neglected in curricula. The lack of 

training in geometry or technical drawing makes it difficult for students to understand three-

dimensional concepts, affecting their performance in courses such as Dynamics. This research 

employed a mixed-methods approach with a quasi-experimental design and pre- and post-

intervention measurements. The results show that spatial reasoning in engineering improves 

through technology-assisted instruction combining drawing, modeling, and visualization, 

strengthening comprehension and engagement. The study supports experiential learning and 

promotes greater emphasis on spatial training in engineering education. 

Keywords: Spatial reasoning, engineering education, technology-assisted instruction, 

experiential learning, visualization. 

1. Introduction 

In the context of engineering education, the ability to mentally manipulate three-dimensional 

objects and understand spatial relationships is not simply an added skill but a core competency. 

Spatial reasoning allows students to visualize abstract physical phenomena, interpret vector 

movements, and translate real-world mechanics into schematic representations. These abilities, 

commonly referred to as spatial competencies, play a critical role in understanding and solving 

problems in courses such as Dynamics, where students must model forces acting on structures 

in motion. Despite their importance, spatial competencies are often underrepresented in 

curricula, especially in foundational engineering courses, which tend to emphasize 

mathematical rigor while overlooking cognitive skills essential to spatial interpretation [1]. 

A significant number of students enter higher education without having developed adequate 

spatial skills during their earlier schooling. Traditional subjects that supported such 

development, like technical drawing, geometry, and manual drafting, have either diminished in 

academic weight or disappeared altogether from school programs. In their place, more abstract 

and standardized content has taken root, creating a vacuum in the kind of manipulative, visual 

learning that spatial reasoning demands. Consequently, students face increased difficulty in 

mailto:hans.vilchez@epg.usil.pe


International Journal of Applied Mathematics 

Volume 38  No. 11s  2025,   
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version) 

 
   Received: August 07, 2025 2385 

visualizing concepts that require three-dimensional interpretation, leading to poor performance 

in technical subjects like Dynamics, where success depends not only on solving equations but 

on mentally simulating spatial conditions [2,3]. 

This phenomenon is neither novel nor exclusive to one country. International studies have 

highlighted similar issues across diverse educational systems. In Spain, researchers observed 

that students with prior exposure to spatial manipulation through drawing or construction tasks 

achieved better results in physics and mechanics courses. In Saudi Arabia, Sheharyar and 

colleagues reported that limited experience with visual models among engineering students 

correlated with low achievement in interpreting three-dimensional force systems. In the United 

States, Sorby’s long-term investigations have shown that early intervention with spatial training 

significantly improves performance in STEM programs, particularly for students who initially 

tested low on spatial assessments. South Korean researchers also found that interactive spatial 

tasks increase long-term retention of structural concepts and foster deeper learning [4–6]. These 

findings confirm that spatial abilities are teachable and that educational systems must actively 

in-corporate strategies to strengthen them from the early stages of technical training. 

In Peru, these challenges are compounded by broader issues in talent development. According 

to the 2023 Global Talent Competitiveness Index, Peru ranks 34th out of 43 countries, 

reflecting serious deficiencies in educational infrastructure, talent retention, and technical 

training aligned with labor market demands. Although some progress has been made to attract 

new talent, the report identifies a persistent weakness in the development of specialized skills, 

particularly in STEM areas. This gap suggests a disconnect between what students learn in 

classrooms and what employers expect in professional environments [7]. In such a context, 

fostering spatial competencies is no longer optional but essential for ensuring academic success 

and employability in engineering fields. 

One critical factor aggravating the spatial skill gap is the decreasing number of instructional 

hours dedicated to visual-spatial training. Courses such as technical drawing and graphical 

expression are often reduced or removed in favor of more digitally oriented subjects. While 

digital tools like computer-aided design (CAD) software provide students with precision and 

speed, they do not necessarily promote deep internalization of spatial concepts. In fact, over-

reliance on automated processes may hinder the development of students' ability to mentally 

visualize complex structures. The shift toward digital platforms, although beneficial in many 

aspects, risks creating a generation of engineers who are proficient in software use but lack 

intuitive understanding of physical space and geometry [8,9]. 
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Figure 1. Causal model of the gap between technological automation and spatial skills in 

engineering students. 

Figure 1 illustrates this divergence between digital and manual spatial processing. It shows 

how students' reliance on automated tools may streamline modeling tasks but re-duce the 

cognitive effort involved in imagining spatial transformations. Without sufficient training in 

visual thinking, students may produce technically correct outputs without fully grasping the 

underlying spatial logic. 

In response to these concerns, educators and researchers have explored the integration of 

emerging technologies that reintroduce spatial reasoning through interactive and constructivist 

methods. Augmented Reality (AR), for instance, enables the projection of three-dimensional 

objects into real-world environments, offering learners a way to observe, manipulate, and 

understand spatial relationships in real time. Rather than passively observing diagrams, 

students become active participants who can explore different angles, dissect structures, and 

gain a more intuitive grasp of spatial configurations [10]. This approach aligns with cognitive 

theories that highlight the importance of embodied learning and multisensory engagement in 

conceptual development. 

Isometric projection techniques have also proven valuable in reinforcing spatial awareness. 

These techniques allow learners to depict three-dimensional structures in two-dimensional 

formats without distorting proportions. They are widely used in architectural and mechanical 

design and are fundamental to developing accurate spatial perceptions. When students learn to 

interpret and construct isometric drawings, they simultaneously develop the ability to reason 
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through spatial transformations, a skill crucial in fields like structural engineering, robotics, 

and manufacturing [11]. 

Additionally, the introduction of 3D printing technologies into classroom settings has brought 

about transformative learning opportunities. By converting digital models into physical objects, 

3D printers allow students to bridge the gap between abstract design and tangible experience. 

Handling printed objects encourages learners to reflect on dimensions, tolerances, and 

geometrical relationships. They can rotate, measure, and inspect models in ways that virtual 

platforms cannot replicate. This process not only rein-forces their understanding but also 

fosters a mindset of prototyping and iterative design [12]. 

 

Table 1. Educational 

technologies for 

strengthening spatial 

competencies in 

engineering. 

Table 1 summarizes 

the principal 

technological tools 

currently used to 

promote spatial competencies in engineering education, along with their educational functions 

and associated literature. 

These tools work best not in isolation but as part of a blended learning approach. Re-search by 

Fang et al. has shown that combining digital tools with hands-on resources leads to deeper 

conceptual understanding. When students are allowed to switch between screens and real 

objects, seeing, touching, and modifying representations, they construct more robust mental 

models of spatial phenomena [14]. 

At the institutional level, these observations have motivated a shift in pedagogical design, 

especially in programs where spatial reasoning is a known learning bottleneck. The current 

study emerges from the recognition that the difficulties students face in mastering Dynamics 

are not rooted solely in the complexity of the subject but in the underdevelopment of 

foundational spatial skills. As such, the present work is not merely an instructional redesign, 

but a pedagogical intervention aimed at addressing the root causes of academic struggle in 

technical courses. 

The strategies proposed in this study are based on the constructivist view that learning is an 

active process where knowledge is built through experience, manipulation, and reflection. 

Educational approaches rooted in constructivism encourage learners to test ideas, engage in 

trial and error, and reconstruct their understanding through interaction with both physical and 

digital tools. This theoretical perspective provides the basis for the instructional design model 

adopted in this research [15]. 

Tool/Strategy Application in the Classroom 

Augmented Reality 
Visualization and manipulation of 3D 

models 

Isometric Projections Spatial drawing without distortion 

3D Printing 
 Physical realization of digital 

models 

Specialized Software 
 Simulation of complex technical 

systems 
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Project-based learning and gamified instruction further enhance this approach by embedding 

abstract knowledge in real-world problem-solving. When students are in-volved in designing, 

building, or manipulating spatial elements with a clear purpose, they experience higher 

motivation, deeper engagement, and greater retention. These methods not only strengthen 

technical skills but also foster creativity and critical thinking, competencies that are 

increasingly valued in engineering careers [16]. 

Although this research is situated in a private university in Lima, the proposed model is 

adaptable to a wide range of educational settings. The need for spatial reasoning extends 

beyond the Dynamics course, affecting subjects such as Technical Drawing, Applied Physics, 

and Design of Mechanical Systems. Therefore, the solutions discussed here aim to be replicable 

and scalable across disciplines and institutions. 

Based on literature and institutional diagnostic assessments, this study hypothesizes that the 

implementation of technological didactic strategies, particularly those involving AR, 3D 

printing, and spatial modeling, will significantly improve students' spatial competencies in 

engineering contexts. Informed by this hypothesis, the objective of the research is to design, 

implement, and evaluate a set of innovative teaching strategies that effectively strengthen these 

abilities. 

This alignment between theory, pedagogy, and technology defines the framework of the study. 

Therefore, the present research aims to propose didactic strategies to strengthen spatial 

competencies in the Dynamics course for engineering students at a private university in Lima. 

2. Materials and Methods 

2.1.  Study Design 

This research employed a mixed-methods approach with a quasi-experimental de-sign and pre- 

and post-intervention measurements. The objective was to evaluate the im-pact of a set of 

didactic strategies, integrating technologies such as augmented reality, 3D modeling, and 

isometric visualization, on the development of spatial competencies in engineering students 

enrolled in the Dynamics course. 

The methodological structure aligns with intervention research frameworks in educational 

settings, allowing for observation of changes before and after pedagogical innovations are 

introduced. The pre-experimental stage included diagnostic assessments and semi-structured 

interviews to establish baseline spatial competency levels. The intervention was designed as an 

educational sequence integrated into the course syllabus, allowing natural incorporation into 

the academic process without disrupting existing structures. 

2.2.Participants and Context 

The study was conducted in a private university in Lima, Peru, specifically within the School 

of Engineering. The target group consisted of 74 undergraduate students enrolled in the 

Dynamics course during the 2023 academic year. These students belonged to different 

engineering majors, such as Civil, Mechanical, and Industrial Engineering, and were all in the 

third or fourth semester of their studies. 
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Most students had minimal exposure to technical drawing, spatial modeling, or geometry-based 

tasks in their prior education. The institutional context was characterized by access to digital 

infrastructure, including mobile devices, computer laboratories, and high-speed internet, which 

enabled the integration of interactive technological tools. The intervention took place over eight 

weeks, aligning with the mid-semester curriculum plan, and was embedded within the practical 

lab component of the course. 

2.3. Instruments and Data Collection 

Four main instruments were used to gather both qualitative and quantitative data: 

• Spatial Ability Test (pre- and post-intervention): A diagnostic tool adapted from established 

spatial reasoning assessments, including mental rotation, perspective change, and spatial 

visualization tasks. 

• Student Perception Survey: A validated Likert-scale instrument designed to assess students' 

subjective evaluation of the strategies, their perceived usefulness, and the ease of interacting 

with spatial content after the intervention. 

• Rubrics for Spatial Performance: Used to assess the quality and accuracy of students' technical 

drawings, isometric sketches, and 3D model outputs. 

• Field Notes and Observation Records: Maintained by instructors to document engagement, task 

resolution patterns, and the dynamics of classroom participation during the intervention. 

All instruments were piloted with a previous cohort to ensure clarity and validity. The survey 

and performance rubrics were revised based on expert judgment and item-level statistical 

reliability (Cronbach's alpha > 0.80). 

2.4.Data Analysis 

Quantitative data from the pre- and post-tests were analyzed using descriptive statistics (mean, 

standard deviation) and inferential techniques such as paired t-tests to determine the 

significance of observed changes. The effect size was calculated using Cohen’s d. Qualitative 

data, derived from open-ended survey items and observation records, were analyzed through 

thematic coding using NVivo software. The codes were grouped into broader categories such 

as "visualization strategies," "interaction with augmented reality," and "motivation and 

engagement." 

Triangulation was applied across quantitative test results, student perceptions, and classroom 

observations to reinforce the validity of findings. The overall analysis focused on the 

improvement of spatial competencies and the pedagogical coherence of the intervention. 

2.5. Ethical Considerations 

The research followed ethical guidelines established by the host institution’s Re-search Ethics 

Committee. All participants were informed about the objectives, scope, and voluntary nature 

of the study and signed informed consent form prior to participation. 
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Confidentiality and anonymity were guaranteed throughout the research process. Data 

collected were used exclusively for academic and research purposes. The intervention posed 

no risk to the students’ grades or academic progression, as it was designed to support their 

learning rather than evaluate them formally. 

3. Results 

The implementation of didactic strategies aimed at strengthening spatial competen-cies in 

engineering students showed significant quantitative and qualitative outcomes. The following 

subsections present a detailed breakdown of these results, organized into core thematic axes 

and accompanied by analytical interpretations based on empirical da-ta. 

3.1. Pretest and Posttest Results 

To evaluate the impact of the intervention, a spatial reasoning test was administered before and 

after the implementation of didactic strategies. The test included exercises on mental rotation, 

vector manipulation, and three-dimensional object identification. 

Test Type 
Mean 

Score 

Standard 

Deviation 
t-value p-value 

Effect 

Size 

(Cohen’s 

d) 

Pretest 10.3 2.1    

Posttest 15.4 1.9 8.77 < 0.001 1.21 

 

Table 2. Comparison of pretest and posttest results in the Dynamics course. 

The data reveals a considerable improvement in students' performance after the intervention, 

with the average score increasing by more than 5 points. The t-test confirms the statistical 

significance (p < 0.001), and the effect size (Cohen’s d = 1.21) indicates a strong educational 

impact. This aligns with studies by Sorby [17] and Maeda et al. [18], who found that structured 

spatial training significantly enhances students' ability to interpret physical systems and solve 

engineering problems. 

Additionally, the decreased standard deviation in the posttest suggests a more consistent level 

of spatial skill acquisition across the cohort. These findings support the hypothesis that the 

integration of hands-on visual tasks and guided cognitive exercises fosters more uniform 

cognitive development in spatial domains [19,20]. The outcomes con-firm that spatial 

reasoning, when addressed intentionally, can be taught and developed within a short time 

frame. 

3.2.Technical Progress in Graphic Outputs 

Throughout the intervention, students produced technical drawings, vector schemes, and 3D 

models, all of which were assessed using a four-criteria rubric: spatial orientation, 
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proportionality, scale accuracy, and graphic precision. A clear upward trend was observed from 

the early to the final weeks. Initial scores in “orientation” and “precision” av-eraged below 

13/20, indicating poor spatial understanding. By week 8, these dimensions exceeded 17/20, 

showing mastery of key visual-spatial concepts. These gains align with Duesbury and O’Neil’s 

findings [21], which highlight that iterative exposure to spatial visualization tools enhances 

both accuracy and conceptual clarity. 

The upward trend did not occur in isolation. Peer interaction, use of visual aids, and regular 

feedback created a learning ecology conducive to deep engagement with spatial content. As 

spatial concepts became less abstract and more tangible through tools like augmented reality, 

students were able to shift from mere representation to strategic con-struction of space [22]. 

This evolution echoes constructivist principles whereby new mental models emerge from 

experience, trial, and reflection. 

3.3.Visual Comparison of Initial and Final Student Products 

Two student artifacts, one from the initial and one from the final phase of the intervention, were 

selected to illustrate the progression in spatial output over time. The side-by-side comparison 

shows visible advancement in proportionality, accuracy, and spatial reasoning. In the early 

sketch, planes intersect incorrectly, and the object lacks depth coherence. By contrast, the final 

version shows mastery of perspective, clean linework, and correct object rotation. This 

progression demonstrates more than technical improvement; it reflects deeper internalization 

of spatial frameworks, supported by visual memory training and kinesthetic feedback [23,24]. 

The example also illustrates the impact of layered instruction: from sketching by hand to 

building digital models and then refining technical accuracy. Each stage contributed to a 

metacognitive understanding of spatial operations, echoing the spiral model of learning where 

complexity is built progressively [25]. Observations by the course instructor corroborated these 

improvements, noting that students began to articulate spatial logic with greater fluency and 

autonomy. 

3.4. Student Perception and Reflections 

Strategy 
% Positive 

Responses 
Frequent Comments 

Augmented 

Reality 
92.5% 

“I understood the planes better 

when seeing them projected.” 

3D Modeling 87.8% 
“It helped me imagine how 

bodies moved in space.” 

Isometric 

Sketching 
84.3% 

“It helped me think in 3D on 

paper.” 



International Journal of Applied Mathematics 

Volume 38  No. 11s  2025,   
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version) 

 
   Received: August 07, 2025 2392 

A post- 

 

Table 3. Students' perceptions of implemented strategies. 

intervention survey captured students' perceptions regarding the usefulness and impact of the 

teaching strategies. The survey combined Likert-scale items and open-ended questions. 

The overwhelmingly positive responses reveal not only satisfaction but also perceived 

usefulness in terms of cognitive performance. Augmented reality was especially impactful, 

confirming earlier research by Fonseca et al. [26], who found that AR environments 

significantly improve learners’ ability to perceive depth, orientation, and structural interaction. 

Students emphasized the value of combining digital tools with manual sketching, as the former 

offered visual clarity and the latter enhanced spatial retention. These findings echo Bower et 

al. [12], who advocate the use of multimodal instruction to stimulate different cognitive 

pathways. Qualitative feedback underscores the pedagogical strength of integrative strategies; 

students did not merely enjoy the tasks; they felt more capable and motivated to face spatial 

challenges. 

3.5. Teacher Observations and Student Autonomy 

In parallel with student feedback, the instructor maintained weekly logs recording levels of 

student autonomy, engagement, and visual reasoning ability. The decrease in requests for direct 

teacher assistance, from 78% in week 1 to just 22% in week 9, is a strong indicator of cognitive 

autonomy. Students became progressively more confident in selecting views, building object 

depth, and verifying spatial logic without instructor intervention. According to the framework 

of Vygotsky's Zone of Proximal Development [27], this transition marks the shift from 

dependent to independent mastery. 

These findings also point to the success of scaffolding techniques: early support gradually gave 

way to student-led learning. The instructor noted that by the final stages, many students not 

only solved complex visual problems independently but also helped peers reconstruct 

misaligned models, evidence of peer-assisted development and solidification of spatial 

concepts [14,15]. In line with experiential learning theory, autonomy emerged as a product of 

active experimentation, feedback, and internalization. 

4. Discussion 

The outcomes of this study provide compelling evidence that targeted pedagogical strategies, 

especially those integrating visual technologies, can significantly enhance spatial competencies 

among engineering students. These results are aligned with global findings in spatial cognition 

training, where consistent, scaffolded exposure to visual-spatial tasks has been shown to 

generate lasting improvements in students’ academic performance and conceptual clarity 

[28,29]. 

The pretest-posttest comparison revealed not only statistical significance but also educational 

relevance, particularly in courses like Dynamics, where spatial reasoning is foundational to 

Vector 

Simulations 
81.6% 

“Now vectors make sense in 

motion.” 
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understanding mechanical systems. This echoes the work of Sorby [30] and colleagues, who 

emphasized that spatial skill acquisition is both teachable and predictive of long-term STEM 

success. In the present study, the magnitude of the effect size (Cohen’s d > 1.2) places it among 

high-impact interventions within engineering education literature. Another key aspect of the 

discussion lies in the effectiveness of multimodal teaching. The integration of augmented 

reality, isometric sketching, and 3D modeling ad-dressed diverse learning modalities, allowing 

students to construct mental representations through both analog and digital interfaces. 

Research by Bower et al. [31] supports this approach, noting that multimodal instruction 

strengthens neural pathways by en-gaging multiple cognitive systems simultaneously. 

Notably, this study also showed a reduction in students' dependency on instructor guidance 

over time. The sharp decline in help-seeking behaviors across the nine-week intervention 

suggests an increase in metacognitive awareness and confidence. This is consistent with 

Vygotsky’s theory of proximal development, in which learners gradually internalize tasks 

initially performed with support [32]. 

Furthermore, the visual comparison of student artifacts across the intervention period illustrates 

a shift from representational to structural understanding. Initial sketches showed disoriented 

perspectives and dimensional inconsistencies, whereas final drawings demonstrated fluency in 

projection, perspective control, and object manipulation. These results support prior assertions 

that authentic visual tasks improve abstract reasoning when integrated into curricular design 

[33,34]. 

The students' perception survey confirmed the practical relevance of these strategies. More than 

90% of participants reported a clearer understanding of spatial dynamics through AR and 3D 

tools. Interestingly, they emphasized the role of hybrid methodologies, using both sketching 

and digital simulation, as key to internalizing concepts. Such feedback aligns with the 

experiential learning cycle, where active manipulation enhances retention and insight [35]. 

Despite the promising results, several limitations must be acknowledged. The study was 

conducted in a single institutional context, limiting the generalizability of the findings. 

Additionally, although the pretest posttest model provides evidence of improvement, it does 

not isolate which strategy contributed most. Future studies could adopt a factorial design to 

analyze individual and combined effects of specific tools [36]. 

Time constraints also posed challenges. Nine weeks was sufficient to see cognitive 

improvements, but not necessarily to achieve mastery. Longitudinal studies could further track 

the retention of these skills and their transferability to other engineering contexts. Moreover, 

future research should incorporate neurocognitive measures or eye-tracking systems to 

quantify spatial attention shifts during visual tasks [37]. 

An important pedagogical insight is the students' preference for working collaboratively. Peer 

interaction in spatial modeling sessions promoted a reflective discourse, where students 

verbalized their reasoning, corrected misconceptions, and co-constructed spatial solutions. This 

supports literature emphasizing the role of social interaction in developing higher-order 

cognitive skills [38,39]. 
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Finally, while most students benefited, the intervention had varied outcomes depending on 

students’ prior exposure to spatial content. Those with previous training in geometry or design 

adapted more rapidly. Thus, it is recommended that future curricular planning includes 

diagnostic assessments of spatial skill levels to personalize support strategies from the outset. 

5. Conclusions 

This study confirms that spatial reasoning in engineering education can be intentionally 

developed through well-designed, technology-assisted instructional strategies. By integrating 

analog drawing, digital modeling, and immersive visualization tools, educators can support the 

internalization of spatial structures critically for mastering technical subjects such as 

Dynamics. 

The significant improvement in student performance, supported by both quantitative 

assessments and visual artifacts, highlights the efficacy of multimodal pedagogical 

frameworks. The study also reveals that students perceive these methods as not only effective 

but also engaging and confidence-building. 

More broadly, this research contributes to the growing body of knowledge that advocates for a 

shift from purely abstract instruction to experiential, constructivist approaches in STEM 

education. It demonstrates that when spatial competencies are addressed explicitly, students are 

better equipped to understand physical systems, communicate technical ideas, and engage in 

design processes. 

For engineering programs, this means rethinking curricular priorities. Reintroducing graphic 

subjects, investing in accessible visualization technologies, and training faculty in spatial 

teaching methods are critical steps toward aligning academic preparation with re-al-world 

professional demands. 

Future work should focus on refining the sequence and duration of interventions, expanding 

the study across institutions, and exploring adaptive learning systems that respond to students’ 

individual spatial profiles. These efforts would support not only academic success but also 

equity in access to spatial reasoning development. 

Ultimately, by prioritizing spatial cognition in engineering instruction, educators can close 

longstanding gaps in technical comprehension, foster deeper learning, and contribute to the 

formation of professionals capable of navigating complex, multidimensional challenges in 

science and technology. 

References 

[1] Sorby, S. A. Educational research in developing 3‑D spatial skills for engineering students. Int. 

J. Sci. Educ. 2009, 31, 459–480. 

[2] Sorby, S. A.; Baartmans, B. J. The development and assessment of a course for enhancing 3‑D 

spatial visualization skills of first‑year engineering students. J. Eng. Educ. 2000, 89, 301–

307. 



International Journal of Applied Mathematics 

Volume 38  No. 11s  2025,   
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version) 

 
   Received: August 07, 2025 2395 

[3] Duesbury, J.; O’Neil, K. Methodologies and tools to improve spatial ability. Procedia Soc. 

Behav. Sci. 2012, 51, 736–744. 

[4] Maeda, Y.; Yoon, S. Y. A meta‑analysis on gender differences in mental rotation ability 

measured by PSVT:R. Educ. Psychol. Rev. 2013, 25, 69–94. 

[5] Veurink, N.; Richards, M.; Sorby, S. A Tale of Two Universities: Developing Spatial Skills of 

Engineering Students During a Global Pandemic. Eng. Des. Graphics J. 2020, 84, 10–27. 

[6] Sorby, S. A.; Casey, B.; Veurink, N.; Dulaney, A. Role of spatial training in improving spatial 

and calculus performance in engineering students. Learn. Individ. Differ. 2013, 26, 20–29. 

[7] Gutierrez, J. M.; Domínguez, M. G.; González, C. R. Using 3D virtual technologies to train 

spatial skills in engineering. Int. J. Eng. Educ. 2015, 31, 323–334. 

[8] Martín‑Gutiérrez, J.; Saorín, J. L.; Contero, M.; Alcañiz, M.; Pérez‑López, D. C.; Ortega, M. 

Design and validation of an augmented book for spatial abilities development in engineering 

students. Comput. Graph. 2010, 34, 77–91. 

[9] Shaghaghian, Z.; Burte, H.; Song, D.; Yan, W. Learning geometric transformations for 

parametric design: An AR‑powered approach. arXiv 2021. 

[10] del Cerro Velázquez, F.; Morales Méndez, G. Systematic review of the development of spatial 

intelligence through augmented reality in STEM areas. Mathematics 2021, 9, 3067. 

[11] Papakostas, C.; Troussas, C.; Krouska, A.; Sgouropoulou, C. Exploration of augmented reality 

in spatial abilities training: A systematic literature review. Informatics in Education 2021, 

20, 107–130. 

[12] Fonseca, D.; Redondo, E.; Cabrera, A.; Villagrasa, S.; de la Torre, J. Augmented reality in 

teaching about physics: A systematic review. arXiv 2023. 

[13] Hsi, S.; Bell, J.; Linn, M. C. The role of spatial reasoning in engineering and design instruction. 

J. Eng. Educ. 1997, 86, 151–160. 

[14] Ha, O.; Fang, N. Interactive virtual and physical manipulatives for improving students’ spatial 

skills. J. Educ. Comput. Res. 2018, 55, 1088–1110. 

[15] Ahmad Affandi Supli; Xiaojing Yan. Exploring the effectiveness of augmented reality in 

enhancing spatial reasoning skills. Educ. Inf. Technol. 2024, 29, 351–374. 

[16] Abdullah Omar; Ali, D. F. Enhancing students’ mental rotation skills using augmented reality. 

J. Fundam. Appl. Sci. 2018, 10, 1053–1067. 

[17] Chen, Y. C.; Chi, H. L.; Hung, W. H.; Kang, S. C. Use of tangible and augmented reality 

models in engineering graphics courses. J. Prof. Issues Eng. Educ. Pract. 2011, 137, 267–

276. 

[18] Garzón, J.; Pavón, J.; Baldiris, S. Systematic review and meta‑analysis of augmented reality 

in educational settings. Virtual Reality 2019, 23, 447–479. 

[19] Azuma, R.; Billinghurst, M.; Klinker, G.; et al. Recent advances in augmented reality. IEEE 

Comput. Graph. Appl. 2001, 21, 34–47. 



International Journal of Applied Mathematics 

Volume 38  No. 11s  2025,   
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version) 

 
   Received: August 07, 2025 2396 

[20] Sorby, S. A. A course in spatial visualization and its impact on the retention of women 

engineering students. J. Women Minorities Sci. Eng. 2001, 7, 153–172. 

[21] Contero, M.; Saorín, J. L.; Alcañiz, M.; Martínez-Ortiz, I. Development of AR‑based remedial 

course for enhancing spatial competency. Front. Educ. 2012, 297, 1–26. 

[22] Chandrasekera, T.; Yoon, S. Y. Adopting AR in design communication: Improving spatial 

abilities. Int. J. Architectonic Spatial Environ. Des. 2015, 9, 1–14. 

[23] Kim, J.; Irizarry, J. Assessing the effectiveness of AR on spatial skills of construction 

management students. ISARC Proc. 2017, 173–180. 

[24] Rafi, A.; Samsudin, K. A.; Ismail, A. Training in mental rotation and spatial visualization and 

its impact on orthographic drawing performance. Educ. Technol. Soc. 2011, 14, 179–186. 

[25] Wai, J.; Lubinski, D.; Benbow, C. Spatial ability for STEM domains: aligning over 50 years 

of research. J. Educ. Psychol. 2009, 101, 817–835. 

[26] Kolb, D. A. Experiential Learning: Experience as the Source of Learning and Development; 

Prentice Hall: Englewood Cliffs, NJ, 1984. 

[27] Vygotsky, L. S. Mind in Society: The Development of Higher Psychological Processes; 

Harvard University Press: Cambridge, MA, 1978. 

[28] Constructivism learning theory in education research. Educ. Res. Rev. 2017, 21, 52–62. 

[29] Bower, M.; Howe, C.; McCredie, N.; Robinson, A.; Grover, D. Augmented reality in education 

– cases, places and potentials. Educ. Media Int. 2019, 56, 105–123. 

[30] Fang, N.; Farooq, A.; Goodridge, W. Enhancing engineering students’ spatial skills through 

virtual and physical manipulatives. Int. J. Eng. Educ. 2022, 38, 90–100. 

[31] Julià, C.; Antolí, J. Ò. Enhancing spatial ability and mechanical reasoning through a STEM 

course. Int. J. Technol. Des. Educ. 2018, 28, 957–983. 

[32] Duffy, G.; Reves, P.; Sorby, S.; Delahunty, T.; Perez, L.; Ravishankar, J. The link between 

spatial skills and engineering problem‑solving. TALE Conference Proceedings 2018, 272–

278. 

[33] Redish, E. F.; Smith, K. A. Looking beyond content: Skill development for engineers. J. Eng. 

Educ. 2008, 97, 295–307. 

[34] PISA 2022 Results (Volume II): Where All Students Can Succeed., OECD Publishing: Paris, 

2023. 

[35] World Economic Forum. Global Talent Competitiveness Report 2023; WEF: Geneva, 2023. 

 

 

 


