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RESOURCES IN TECHNOLOGY AND ENGINEERING

“ Newer  
technologies 

can now  
enhance a 

learner’s  
ability to  

increase spatial 
ability,  

particularly 
spatial  

visualization.

BY PETroS 
kATSIo-
louDIS 
and MIllIE 
JonES

BACkGrounD
Many articles have been published on the use of 
3D printing technology. from prefabricated homes 
and outdoor structures to human organs, 3D print-
ing technology has found a niche in many fields, 
but especially education (Photo 1). The education 
of technology and engineering students has come 
a long way from traditional instruction using hand 
drawings. although drawings may still be a part 
of a student’s learning, computer technology has 
been embraced in this field for several years. With 
the introduction of autocaD technical drawing 
programs and now 3D printing, learners can use 
3D printed models to develop their spatial abilities 
in technology and engineering curricula. how does 
this compare to traditional hand drawings? can 
students actually enhance spatial abilities more 
through computer drawings and 3D-printed models 
rather than hand drawings? research suggests 
that although hand drawings are still a component 
of the learning process, newer technologies can 
now enhance a learner’s ability to increase spatial 
ability, particularly spatial visualization.

SPATIAl ABIlITY
according to Gardner, spatial intelligence is one 
of the basic human intelligences: “the ability to 
perceive the visual-spatial world accurately and 
to perform transformations on those perceptions” 
(Lieu & sorby, 2009, p. 3-2). furthermore, spatial 
visualization is the ability “to imagine the rotation 
of a depicted object, the folding and unfolding of 
flat patterns, and the relative changes of positions 

of objects in space” (Miller & Bertoline, 1991, p. 9).  
Thurstone (1938) refers to spatial ability as a criti-
cal component of intellectual ability. furthermore, 
Thurstone (1950) identified seven factors related 
to human intelligence, with three specifically refer-
ring to visual orientation in space:

• S1: “The ability to recognize the identity of an 
object when it is seen from different angles” 
(p. 518).

• S2: “The ability to imagine the movement or 
internal displacement among the parts of a 
configuration” (p. 518).

• S3: “The ability to think about those spatial 
relations in which the body orientation of the 
observer is an essential part of the problem” 
(p. 519).

Developed through spatial cognition, spatial ability 
can be described as the ability to form and retain 
mental representations of a given stimulus, a men-
tal model, and may also be utilized to establish 
if mental manipulation is possible (carroll, 1993; 
höffler, 2010). This type of skill has been recog-
nized as an individual ability, somewhat autono-
mous of general intelligence (hoffler, 2010). The 
function of spatial ability relates to an individual’s 
ability in “searching the visual field, apprehend-
ing the forms, shapes, and positions of objects 
as visually perceived, forming mental representa-
tions of those forms, shapes, and positions, and 
manipulating such representations ‘mentally’” (Car-
roll, 1993, p. 304). according to research, it has 
been suggested that individuals with higher spatial 
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abilities have a wider range of strategies to solve spatial tasks 
(Gages, 1994; orde, 1997; Pak, 2001; Lajoie, 2003). 

SPATIAl VISuAlIZATIon
spatial visualization is perhaps “the most [fundamental and] 
gratifying part of engineering graphics instruction” (Contero, 
company, saorín & naya, 2006, p. 472). improving technology 
and engineering learners’ spatial skills is considered a chief 
component in technical education, which is typically found in 
the first-year technology education and industrial technology 
curricula as well as engineering education. it is essential that 
learners develop spatial skills early in technology and engineer-
ing curricula to ensure success and thus promote retention 
(sorby, 2009).

according to contero, company, saorín & naya (2006), visual-
ization skills have a learning outcome “described as the ability 
to picture three-dimensional shapes in the mind’s eye” (p. 472). 
it is widely recognized that spatial visualization skills and mental 
rotation abilities are critical skills for technical and engineering 
professions. according to norman (1994), a learner’s spatial 
skills are the most essential and significant predictor for success 
in manipulating objects and interacting with computer-aided 
design (caD). recognizing the importance of spatial abilities 
for engineering and technology fields and the instructional tools 

utilized, it is important that learners with poor spatial skills im-
prove through appropriate instructional techniques. sorby (2012) 
states that “students who have the opportunity to improve their 
spatial visualization skills demonstrate greater self-efficacy, im-
proved math and science grades, and are more likely to persist 
in engineering” (p. 1).

according to several researchers, there are three major spatial 
elements used to test the spatial abilities of an individual— 
spatial relations, spatial orientation, and spatial visualization:

1. Spatial relations: “The ability to imagine rotations of 2D 
and 3D objects as a whole body” (martín-Dorta, saorín, & 
contero, 2008, p. 506).

2. Spatial orientation: “The ability to orient oneself physically 
or mentally in space” (Maier, 1998, p. 71).

3. Spatial Visualization: The “ability to mentally manipulate, 
rotate, twist, and pictorially invert presented visual stimuli” 
(Gorska & sorby, 2008, p. 1).

research conducted by Katsioloudis, Jovanovic, and Jones 
(2014) looked at the differences in spatial visualization ability as 
measured through technical drawings and the impacts of model 
types (2D drawing and 3D drawings generated by computer as 
well as 3D printed objects) in industrial technology and technol-

Photo 1. Many school labs in 
america today are equipped with 
3D printers. Credit: TCEP Lab, 
Old Dominion University.
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ogy education courses. The study concluded that the 3D printed 
model and 3D computer-generated drawing both provided 
statistically significant higher scores than the 2D drawing. These 
findings are congruent with an earlier study using a population 
of engineering technology students where it was found that 
students receiving the 3D-printed model treatment outperformed 
their peers who received two other models. other research 
suggests instruction using computer-based 3D visualizations 
can provide learners with adequate classroom experiences for 
developing their spatial ability (Kwon, 2003; Woolf, romoser, 
bergeron & fisher 2003). a branoff & Dobelis (2012) study 
looked at the increase in 3D modeling. The two researchers 
asked the question as to whether or not students could still read 
and interpret engineering drawings. in addition, they inquired 
whether the ability to read these drawings related to spatial 
visualization ability. branoff & Dobelis (2012) discovered that a 
relationship exists between reading engineering drawings and 
spatial visualization ability. however, few empirical studies have 
established the causal relationships in greater depth (Wang, 
chang, & Li, 2006). moreover, few studies have explored the ef-
fects of two-dimensional versus three-dimensional media repre-
sentations on the influence of the spatial ability of undergraduate 
students (Wang, et al, 2006). of the tools applied for improving 
spatial abilities, “sketching and drawing are…the most frequently 
used” (contero et al., 2006, p. 473). according to alias, black, 
and Gray (2002), spatial visualization can be improved in engi-
neering students through activities predominantly consisting of 
freehand sketching and object manipulation.

SPATIAl ABIlITY uSED In  
EnGInEErInG EDuCATIon
as noted, spatial ability has been identified as having a positive 
correlation with learning achievements (Mayer & sims, 1994; 
Mayer, Mautone, & Prothero, 2002). The use of physical object 
manipulations, freehand sketching on paper, and computer-aid-
ed sketching can improve the spatial ability of freshmen engi-
neering students (martín-Gutiérrez, saorín, contero, alcañiz, 
Pérez-López, & ortega, 2010). The early years of engineering 
Design Graphics (eDG) (1920s-1940s) were based on the 
development and application of spatial ability testing in cur-
ricula. The emphasis during this time weighed heavily on using 
multi-view drawings to enhance a learner’s visualization ability. 
To date, three phases of research can be defined related to 
spatial ability in engineering education. first, in 1901-1938, the 
efforts emphasized the identification of visual tasks, and specifi-
cally, a single spatial factor. The second phase, from 1938-
1961, emphasized the identification of several spatial factors: 
the ability to recognize spatial configurations and the ability to 

mentally manipulate configurations (strong & smith, 2001). The 
third phase, from 1961-1982, attempted to further isolate spatial 
factors, such as age, sex, and experience. as of late, a fourth 
phase of research may be emerging in the discipline of engi-
neering graphics. This phase focuses on the effects of computer 
technology on spatial-visualization skills, as well as assess-
ment instruments used to measure these skills (strong & smith, 
2001). spatial abilities, specifically visualization, play a critical 
role in the success of professions such as engineering, industrial 
and technical, mathematical, and scientific professions.

researchers in engineering education, the u.s. Department of 
labor, as well as major industry representatives have called for 
the improvement of spatial visualization ability in engineering 
and technology students (ferguson, ball, mcDaniel, & ander-
son, 2008). “improving the spatial-visualization ability of engi-
neering and technology students is a challenge for educational 
researchers” (ferguson, ball, mcDaniel, & anderson, 2008, p. 
2). although research has suggested “that spatial visualization 
ability can be improved through instructional methods,” there 
is no “clear consensus on what combination and duration of 
instructional methods is most beneficial for improving spatial 
visualization ability” (ferguson et al., 2008, p. 2). according to 
contero et al. (2006), in order to shift from a teacher-centered 
to a student-centered education paradigm model, there must be 
a critical analysis of the various engineering courses included 
in curricula. furthermore, “teachers of `engineering graphics' 
should put the emphasis in spatial reasoning, since we do con-
sider it to be a core competence for future engineers” (Contero 
et al., 2006, p. 471).

STATIC VS. DYnAMIC MoDElS
The benefit of using static (Photo 2) versus dynamic visualiza-
tions (Photo 3) is a debated one. few studies have explored the 
usefulness of static visualizations to those of dynamic visualiza-
tions (e.g., videos or animations), and the current state of the 
literature remains somewhat unclear (Kuhl, sheither, Gerjets, 
& Edelman, 2011). a lengthy debate about the opportunities for 
using animation in learning and instruction has been ongoing 
over the past decade. more specifically, it has been indicated 
that dynamic visualizations often provide no advantages over 
static visualizations (malone & Lepper, 1987). if advantages had 
been identified, it was due to the fact that more information was 
available in the animated than in the static version. Given this 
outcome, the focus turned to the question of when dynamic dis-
plays are more applicable in learning than static ones (hegarty, 
2004).
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DYnAMIC VISuAlIZATIonS for  
DIffErEnT DISCIPlInES
Dynamic visualizations and 3D animations are assumed to 
offer an environment that assists in changes and improve-
ments in a student’s incomplete mental model (Wu & shah, 
2004). The introduction of computer-based design tools (caD) 
and dynamic visuals are used in place of, or in addition to, static 
visuals today. static and dynamic representations require dif-
ferent cognitive demands for learners when creating a mental 
representation (Lewalter, 2003). however, it remains contro-
versial whether or not 3D models or dynamic visualizations 
actually enhance the learning process (huk, 2006; Lewalter, 
2003). While some researchers have indicated the possibility of 
dynamic visualizations in learning and improving spatial ability, 
there have been no definitive outcomes suggesting spatial abil-
ity may actually act as an enhancer, especially in learners with 
low spatial ability (höffler, 2010; huk, 2006; hegarty and Kriz, 
2008; mayer and sims, 1994). höffler (2010) suggests dynamic 
visualizations have “a compensating effect for low spatial ability 
learners” (p. 266). furthermore, hegarty & Kriz (2008) suggest 
animations may act as a “cognitive prosthetic” for those learners 
possessing low spatial ability. hays (1996) found a statistically 
significant interaction of spatial ability with learners possessing 
low spatial ability. in this study, the learners receiving animation 
made greater gains than those receiving no animations.

The world of technology has a great deal to offer education. 
With the introduction of computer modeling programs and 3D 
printing, the possibilities are endless. The focus of science, 
Technology, Engineering, and Mathematics (sTEM) in educa-
tion from K-12 through college and beyond has stimulated the 
growth in using technology in many fields including many disci-
plines in education.

ClASSrooM ACTIVITIES
Many activities can be designed and used to help students 
understand the capabilities of 3D printers and to enhance their 
spatial visualization abilities through the process. one is to have 
students reverse-engineer a device, identify potential flaws, and, 
with the help of computer design software, redesign specific 
components that can be 3D printed (Photo 4). it is crucial, how-
ever, that the activity doesn’t end at this point. upon 3D print-
ing, students need to test the new part and, if it doesn’t provide 
better results than the existing one, to repeat the process for 
several rounds. 

Photo 2 (above). static 3D printed octahedron. Credit: Author.

Photo 3 (right). Dynamic 3D printed Dodecahedron. Credit: Author.
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activities such as the one described above are easy to correlate 
with the technological literacy standards first created by the 
international Technology Education association (iTEa/iTEEa) in 
2000. see Table 1 for correlations with the STL standards.

The evolution of 3D printers has opened many doors for the 
educators of the 21st century. Today, instead of just visualizing 
an object, students have the opportunity to design, build, and 
test any idea. however, it is crucial for teachers to realize that 

3D printers are only a tool that can enhance learning experi-
ence and not something that can replace it. in many schools 
today, the administration will furnish labs with the latest technol-
ogy but often without the support of appropriate curriculum and 
professional development. such efforts are destined to fail, as 
technology rapidly changes and current curriculum without up-
dates becomes irrelevant; therefore, teachers without the latest 
resources cannot be successful.

Table 1. Correlation with Standards for technological Literacy

The nature of Technology Technology and Society Design
Standard 1: students will develop an 
understanding of the characteristics and 
scope of technology.

Standard 4: students will develop an 
understanding of the cultural, social, 
economic, and political effects of technol-
ogy. 

Standard 8: students will develop an 
understanding of the attributes of design.

Standard 2: students will develop an 
understanding of the core concepts of 
technology.

Standard 5: students will develop an 
understanding of the effects of technol-
ogy on the environment.

Standard 9: students will develop an 
understanding of engineering design.

Standard 3: students will develop 
an understanding of the relationships 
among technologies and the connections 
between technology and other fields of 
study.

Standard 6: students will develop an 
understanding of the role of society in 
the development and use of technol-
ogy. 

Standard 10: students will develop an 
understanding of the role of troubleshoot-
ing, research and development, invention 
and innovation, and experimentation in 
problem solving.

Standard 7: students will develop an 
understanding of the influence of technol-
ogy on history. 

note. adapted from the international Technology Education association (iTEa/iTEEa). (2000/2002/2007). Standards for Techno-
logical Literacy: Content for the Study of Technology. reston, va: author.

Photo 4. The gear that was redesigned 
and rebuilt using caD and 3D printing 
technology to perform with higher ef-
ficiency. Credit: Author.
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