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Augmented Reality: Bridging the Inclusivity Gap in Engineering 
Graphics Education through Spatial Skills Enhancement 

Abstract 

The Engineering Graphics course is a foundational course for engineering students, which covers 
freehand sketching and basic CAD modeling, CATIA. Many students, particularly students 
identifying as women or gender minorities and those who are socioeconomically disadvantaged, 
face challenges because the current educational approaches in spatial skills have not been 
designed to support students with diverse backgrounds and perspectives. Research has shown 
that spatial skills are instrumental foundation for high-level problem-solving and success in 
STEM, which have often been overlooked in K-12 education. It also indicated that spatial skills 
as cognitive skills can be improved if appropriate constructive exercises are offered to facilitate 
the learning process.  

In this NSF-funded project, we aim to enhance Student’s Spatial Skills Through Augmented 
Reality (SSTAR).  This interactive, color-coded tool provides a step-by-step 3D learning 
experience, providing scaffolding and engagement while learning spatial skills. Students can 
scan images with smart devices to trigger 3D models with manipulable components for 
constructing the correct 3D models. They can also visualize different surfaces projected on the 
sides of a glass box offering 2D orthographic projection. Supplementary videos aid in 
understanding the conversion of 3D models between orthographic projections and isometric 
views. 

The SSTAR employs color-coded surfaces within a virtual glass box, providing consistent 
markers for students to analyze lines and surfaces for a deeper understanding. It also integrates 
gamification elements, transforming the learning process into an engaging and interactive 
experience. Through the strategic use of distinct colors, it emphasizes the connections between 
lines and surfaces, allowing students to refine their spatial skills and approach problem-solving 
systematically. 
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Introduction 

Engineering graphics course, as a gateway engineering course, is typically taken by engineering 
students in their first year. It covers freehand sketching of 2D and 3D representation of objects 
and basic CAD modeling techniques. Many students, especially students identifying as woman 
or gender minorities and those who are socioeconomically disadvantaged, tend to struggle in this 
course because their current educational approaches on spatial skills have not been designed for 
students with diverse backgrounds and perspectives[1] . For instance, women and gender 
minorities may have different experiences and perspectives that are not addressed by standard 
one-size-fits-all teaching methods. Female students and students from socioeconomically 
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disadvantaged backgrounds may lack access to resources such as Lego or video games that can 
enhance spatial skills. This resource gap can put them at a disadvantage in courses that heavily 
rely on these skills. In fact, spatial skills haven been correlated to high-level problem-solving 
ability and linked to success in STEM [2]–[4]. Previous research has indicated that spatial skills 
have often been overlooked in K-12 education. It also indicated that spatial skills as cognitive 
skills can be improved if the appropriate constructive exercises to reinforce are offered [5]–[11]. 
With consistently low participation from historically minoritized groups in engineering, spatial 
skills provide a crucial opportunity to aid in recruitment and retention efforts among these 
students in engineering. Past research has shown a gender and socioeconomic influences in 
spatial skills, with evidence pointing to lack of support and exposure to these students before 
they enter college for engineering [3], [5], [6], [12]–[25]. The Glass-box method, cubes, physical 
models, videos, animations, and computer applications have been used to enhance students’ 
spatial skills, but with limited success as these methods can only be used at certain locations with 
certain devices accessible [26]–[29]. Also, these methods including the smart device or Virtual 
Reality (VR)/Augmented Reality (AR) applications  can only offer the final 3D look of the 
model in one color without interactive experience on how the 3D look was generated [30], [31]. 
Students often experience challenges when trying to visualize a 3D picture when faculty describe 
the location of the lines and surfaces in the orthographic projection verbally. 

In this NSF funded research project, we plan to enhance Student’s Spatial Skills Through 
Augmented Reality (SSTAR). This interactive, color-coded application provides a step-by-step 
3D learning experience, providing scaffolding and engagement while learning spatial skills. 
Students can scan images with smart devices to trigger 3D models with manipulable components 
for constructing correct 3D models. They can also visualize different surfaces projected on the 
sides of a glass box offering 2D orthographic projection. Supplementary step-by-step videos with 
animations are provided to aid in understanding the conversion of 3D models between 
orthographic projections and isometric views. 

Furthermore, the SSTAR incorporates gamification elements, transforming learning into an 
engaging and interactive experience. By emphasizing the connections between lines and surfaces 
through color codes and interactive animations, students can build their spatial skills while 
solving problems. The proposed innovative approach enables students to develop proper spatial 
skills leading to effective study strategies and systematic problem-solving. This 3D immersive 
gamified learning can serve as a critical tool for student engagement and may contribute to 
retaining more females and low-SES students in STEM field.   

The topics covered will include normal surface, inclined surface, oblique surface, cylindrical 
surface, section view, and auxiliary view. There will be 3 problems designed for each topic, 
which means a total of 6 topics and 18 problems. In this work-in-progress paper, the baseline 
model design in the SSTAR will be illustrated.  

SSTAR Design 

Table 1 shows one of the current EGR120 freehand sketching problem and its corresponding 
answer, which involves normal surfaces. The common issue is that students typically confront 
with challenges to use the relationship between the line and surface in the given views to locate 
the same surface in the isometric view. Since surfaces are all connected, when they misplace one 
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surface, the locations of other surfaces will be misplaced. It is very hard to verbally explain the 
orientation of the surface on paper since it is challenging for one to orient, visualize and immerse 
themselves to figure out the connection between the surfaces. Our design approach is to scan the 
given orthographic projection by using a given tablet, and students can then encounter an 
interactive layout with individual components (color-coded based on the orientation of their 
faces) and the overall glass-box volume, which the users need as a reference. The goal for the 
users is to manipulate these individual components to assemble them into one 3D model, which 
offers consistent orthographic projection as given. As illustrated in Figure 1 students can choose 
from any available component to manipulate and place it onto the glass box volume. Each 
component is composed of three colors corresponding to the direction of the views. The colors 
are specifically selected to be color blind friendly. Once the selected component is placed within 
the volume in the correct position, the SSTAR will provide temporary feedback such as 
highlighting the component in green with call outs to confirm its correct placement and 
corresponding gamification points will be offered as incentive. This feedback will be displayed 
temporarily, as maintaining the original color-coding of the components is preferred. Students 
then have the option to either rotate the selected component around the X, Y, or Z directions, or 
translate it onto a different position. Figure 2 and Figure 3 illustrate the difference between the 
rotation and the transformation. These manipulations will be available for all components. Figure 
4 shows the repeatability of all previous features applied on the second component. Additionally, 
the SSTAR will provide feedback when students place a component within the volume in the 
incorrect position or orientation. Figure 5 shows the difference between an incorrect placement 
in red and a correct placement of a component in green with corresponding callout. Students can 
accumulate gamification points as they place components in the right place for each problem. 
Accumulated gamification points can motivate students to practice more and improve their final 
grade at certain percentage.  

Table 1 The current EGR120 freehand sketching problem and the corresponding current answer 

Problem: Follow the given front view and top view to complete the 
missing right-side view and the isometric view 

Answer with the completed missing 
right-side view and the isometric view 
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Figure 1. Component manipulation and placement onto the glass-box volume (1-3); temporary 
feedback to display correct placement (4); final layout before future manipulation (5). 

 
Figure 2. Rotation of a component. 

 
Figure 3. Translation of a component. 

correct 
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Figure 4. Assembly of a component into its correct position. 

 

Figure 5. Active feedback displaying an incorrect placement (top in red) versus a correct placement 
(bottom in green). 

To supplement the understanding of the manipulation of the 3D components, a series of video 
recordings for simultaneous viewing are developed. Each video is recorded according to the 
completion of each 3D component by emphasizing the relationship between the lines and 
surfaces in the given views and edited by Camtasia®. Figure 6 shows a screenshot of first 
component creation by analyzing the line and the surface relationship in the given views. 
Surfaces are color coded and labeled by letters, with the color consistent with the ones selected 
for the AR environment. Annotations and animations are added to highlight the analytical 
procedure.  

Good job 

incorrect 

correct 

correct 
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Figure 6. A screenshot of first component creation by analyzing the line and the surface 
relationship in the given views 

 

Summary and Future Work 

The baseline model is being developed in the SSTAR application. We aim to finish all models by 
the summer of 2024. The SSTAR will be tested in the engineering graphics course starting in the 
fall of 2024. Standard test instruments assessing spatial skills will be administered in the SSTAR 
sections and the non-SSTAR sections to collect baseline data and assess the success of the 
project.  

Acknowledgements 

The authors are grateful for the support provided by the National Science Foundation under grant 
number 2315646. Any opinions, findings, and conclusions or recommendations expressed in this 
material are those of the authors and do not necessarily reflect the views of the National Science 
Foundation. 

References 

[1] K. A. Bartlett and J. D. Camba, “Gender Differences in Spatial Ability: a Critical Review,” Educ. Psychol. 
Rev., vol. 35, no. 1, p. 8, Jan. 2023, doi: 10.1007/s10648-023-09728-2. 

[2] J. Wai, D. Lubinski, and C. P. Benbow, “Spatial ability for STEM domains: Aligning over 50 years of 
cumulative psychological knowledge solidifies its importance.,” J. Educ. Psychol., vol. 101, no. 4, pp. 817–835, 
2009, doi: 10.1037/a0016127. 

[3] S. Sorby, “A Course in Spatial Visualization and its Impact on the Retention of Female Engineering Students,” 
J. Women Minor. Sci. Eng., vol. 7, p. 50, Jan. 2001, doi: 10.1615/JWomenMinorScienEng.v7.i2.50. 

[4] S. A. Sorby, “Educational Research in Developing 3‐D Spatial Skills for Engineering Students,” Int. J. Sci. 
Educ., vol. 31, no. 3, pp. 459–480, Feb. 2009, doi: 10.1080/09500690802595839. 



2024 ASEE Southeast Section Conference 

© American Society for Engineering Education, 2024 

[5] A. U. Gold et al., “Spatial skills in undergraduate students—Influence of gender, motivation, academic training, 
and childhood play,” Geosphere, vol. 14, no. 2, pp. 668–683, Feb. 2018, doi: 10.1130/GES01494.1. 

[6] S. Sorby, N. Veurink, and S. Streiner, “Does spatial skills instruction improve STEM outcomes? The answer is 
‘yes,’” Learn. Individ. Differ., vol. 67, pp. 209–222, 2018, doi: https://doi.org/10.1016/j.lindif.2018.09.001. 

[7] T. R. Lord, “Enhancing the visuo-spatial aptitude of students,” J. Res. Sci. Teach., vol. 22, no. 5, pp. 395–405, 
1985, doi: 10.1002/tea.3660220503. 

[8] A. S. Alqahtani, L. F. Daghestani, and L. F. Ibrahim, “Techniques used to Improve Spatial Visualization Skills 
of Students in Engineering Graphics Course: A Survey,” Int. J. Adv. Comput. Sci. Appl., vol. 8, no. 3, 2017, 
doi: 10.14569/IJACSA.2017.080315. 

[9] S. Tumkor and R. de Vries, “Enhancing Spatial Visualization Skills in Engineering Drawing Courses,” in 2015 
ASEE Annual Conference &amp; Exposition, Seattle, Washington: ASEE Conferences, Jun. 2015. 

[10] D. H. Uttal et al., “The malleability of spatial skills: A meta-analysis of training studies.,” Psychol. Bull., vol. 
139, no. 2, pp. 352–402, 2013, doi: 10.1037/a0028446. 

[11] S. Sorby and B. Baartmans, “The Development and Assessment of a Course for Enhancing the 3-D Spatial 
Visualization Skills of First Year Engineering Students,” J. Eng. Educ., vol. 89, Jul. 2000, doi: 10.1002/j.2168-
9830.2000.tb00529.x. 

[12] Casey, “Spatial ability as a predictor of math achievement: the importance of sex and handedness”. 
[13] M. B. Casey, E. Pezaris, and R. L. Nuttall, “Spatial ability as a predictor of math achievement: The importance 

of sex and handedness patterns,” Neuropsychologia, vol. 30, no. 1, pp. 35–45, 1992, doi: 
https://doi.org/10.1016/0028-3932(92)90012-B. 

[14] D. Voyer, S. Voyer, and M. P. Bryden, “Magnitude of sex differences in spatial abilities: A meta-analysis and 
consideration of critical variables.,” Psychol. Bull., vol. 117, no. 2, pp. 250–270, 1995, doi: 10.1037/0033-
2909.117.2.250. 

[15] L. Yuan, F. Kong, Y. Luo, S. Zeng, J. Lan, and X. You, “Gender Differences in Large-Scale and Small-Scale 
Spatial Ability: A Systematic Review Based on Behavioral and Neuroimaging Research,” Front. Behav. 
Neurosci., vol. 13, 2019, doi: 10.3389/fnbeh.2019.00128. 

[16] N. Study, “Assessing and Improving the Below Average Visualization Abilities of a Group of Minority 
Engineering and Technology Students,” J. Women Minor. Sci. Eng., vol. 12, no. 4, pp. 367–380, 2006. 

[17] C. Geiser, W. Lehmann, and M. Eid, “A note on sex differences in mental rotation in different age groups,” 
Intelligence, vol. 36, no. 6, pp. 556–563, 2008, doi: https://doi.org/10.1016/j.intell.2007.12.003. 

[18] M. R. Tarampi, N. Heydari, and M. Hegarty, “A Tale of Two Types of Perspective Taking: Sex Differences in 
Spatial Ability,” Psychol. Sci., vol. 27, no. 11, pp. 1507–1516, Nov. 2016, doi: 10.1177/0956797616667459. 

[19] C. M. Ganley and M. Vasilyeva, “Sex differences in the relation between math performance, spatial skills, and 
attitudes,” J. Appl. Dev. Psychol., vol. 32, no. 4, pp. 235–242, 2011, doi: 
https://doi.org/10.1016/j.appdev.2011.04.001. 

[20] S. Sorby, B. Casey, N. Veurink, and A. Dulaney, “The role of spatial training in improving spatial and calculus 
performance in engineering students,” Learn. Individ. Differ., vol. 26, pp. 20–29, 2013, doi: 
https://doi.org/10.1016/j.lindif.2013.03.010. 

[21] T. Johnson, A. P. Burgoyne, K. S. Mix, C. J. Young, and S. C. Levine, “Spatial and mathematics skills: 
Similarities and differences related to age, SES, and gender,” Cognition, vol. 218, p. 104918, Jan. 2022, doi: 
10.1016/j.cognition.2021.104918. 

[22] S. A. Sorby and N. Veurink, “PREPARING FOR STEM: IMPACT OF SPATIAL VISUALIZATION 
TRAINING ON MIDDLE SCHOOL MATH PERFORMANCE,” J. Women Minor. Sci. Eng., vol. 25, no. 1, 
pp. 1–23, 2019. 

[23] B. N. Verdine, R. M. Golinkoff, K. Hirsh-Pasek, N. S. Newcombe, A. T. Filipowicz, and A. Chang, 
“Deconstructing building blocks: preschoolers’ spatial assembly performance relates to early mathematical 
skills,” Child Dev., vol. 85, no. 3, pp. 1062–1076, 2014, doi: 10.1111/cdev.12165. 

[24] B. Casey, E. Dearing, M. Vasilyeva, C. Ganley, and M. Tine, “Spatial and Numerical Predictors of 
Measurement Performance: The Moderating Effects of Community Income and Gender,” J. Educ. Psychol., 
vol. 103, pp. 296–311, May 2011, doi: 10.1037/a0022516. 

[25] S. C. Levine, M. Vasilyeva, S. F. Lourenco, N. S. Newcombe, and J. Huttenlocher, “Socioeconomic Status 
Modifies the Sex Difference in Spatial Skill,” Psychol. Sci., vol. 16, no. 11, pp. 841–845, Nov. 2005, doi: 
10.1111/j.1467-9280.2005.01623.x. 

[26] “Tracking Student Engagement with a Touchscreen App for Spatial Visualization Training and Freehand 
Sketching,” in 2015 ASEE Annual Conference &amp; Exposition, Seattle, Washington: ASEE Conferences, 
Jun. 2015. 



2024 ASEE Southeast Section Conference 

© American Society for Engineering Education, 2024 

[27] L. V. D. Einde, N. Delson, and E. Cowan, “Freehand Sketching on Smartphones for Teaching Spatial 
Visualization,” in 2019 ASEE Annual Conference &amp; Exposition, Tampa, Florida: ASEE Conferences, Jun. 
2019. 

[28] N. Delson and L. Einde, Sketching, Assessment, and Persistence in Spatial Visualization Training On a 
Touchscreen. 2018. doi: 10.18260/1-2--30968. 

[29] G. Frey and D. Baird, “Does rapid prototyping improve student visualization skills,” J. Ind. Technol., vol. 16, 
no. 4, pp. 2–6, Jan. 2000. 

[30] S. W. Crown, “Improving Visualization Skills of Engineering Graphics Students Using Simple JavaScript Web 
Based Games,” J. Eng. Educ., vol. 90, no. 3, pp. 347–355, Jul. 2001, doi: 10.1002/j.2168-9830.2001.tb00613.x. 

[31] Z. Jian, “Teaching of Engineering Drawing in the 21st century,” in 2011 Second International Conference on 
Mechanic Automation and Control Engineering, 2011, pp. 1713–1715. doi: 10.1109/MACE.2011.5987287. 

 


