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Abstract. This study investigates the following two issues: (1) whether spatial 
ability is enhanced following design training; and (2) whether differing solution 
strategies are applied or generated following design training. Based on these is-
sues, we considered design and non-design groups to be independent variables, 
and spatial tests and solution strategies to be dependent variables. The study 
findings indicated that the spatial ability factors of spatial visualization and rela-
tion were influenced by design training, although the perceptual speed factor 
was not. In addition, the solution strategy analysis results showed that the holis-
tic solution strategies of the design group were applied more significantly than 
those of the non-design group, whereas the analytical solution strategies of the 
non-design group were employed more significantly than those of the design 
group. In other words, the participants in design group tended to employ holis-
tic solution strategies, whereas those in non-design group tended to adopt ana-
lytical strategies. 
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1 Introduction 

Spatial ability is crucial in the field of design. Roth [1] asserted that in the design 
process, creative thinking, problem solving, and concept generation relate to spatial 
ability. In this context, numerous issues warrant attention within the body of research 
on spatial ability, such as whether  training can enhance spatial ability, whether solu-
tion strategies differ with varying spatial abilities, whether gender differences occur 
regarding spatial ability, how to effectively evaluate spatial ability, the influence that 
aging has on spatial ability, and whether the transfer effect exists in spatial ability. 
Among these varied topics, the effects of training have been extensively discussed, 
yet investigations of solution strategies are lacking. Thus, this study explored the 
influences that design training and solution strategies have on spatial ability. 

1.1 Spatial Ability and Training 

Numerous studies have asserted that spatial ability can be enhanced following train-
ing. For example, Lord  [2]  used a paper folding test to measure participants’ spa-
tial visualization ability. People with low spatial abilities were selected and split into 
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two groups. One group of participants underwent spatial visualization training and 
testing for 12 weeks, and the other group did not. The results indicated that the group 
that completed the spatial visualization training showed greater achievements on their 
spatial tests compared to the group that did not participate. Thus, Lord contended that 
spatial visualization abilities can be enhanced through training. However, although 
training enhances spatial ability, whether this training influences trainees’ profession-
al performance remains to be determined. Wanzel, Hamstra, Anastakis, Matsumoto, 
and Cusimano [3] investigated the relationship between surgical procedures and visu-
al-spatial ability. Their results indicated that mental rotations tests (MRTs) were re-
lated to learning spatially complex surgical procedures. Resident physicians with high 
mental rotation abilities exhibited superior machine operation performance scores. 
Nevertheless, the test scores of physicians with low rotation abilities significantly 
improved following mental rotation training and feedback, and no differences were 
observed compared to the physicians in the high mental rotation group when perform-
ing a two-flap Z-plasty surgery. Wanzel et al. further asserted that surgeons who 
achieve high spatial scores through training or practice can transfer their spatial abili-
ties to new tasks after training. They believed that spatial abilities have transferable 
effects following training. This effect refers to acquired spatial abilities that can be 
converted into task performance related to spatial topics. 

Cherney [4] found that computer game training enhances spatial abilities. The par-
ticipants in that study were split into two training groups (massed and distributed) to 
complete controlled computer game training. The overall training time was identical 
for all participants. The study results showed that the participants’ scores for the Van-
denberg and Kuse Mental Rotation Test (VMRT) and Card Rotation Test (CRT)  
differed before and after training; specifically, the participants’ mental rotation per-
formance significantly improved following training. Further investigations indicated 
that the degree of mental rotation testing improvement in the massed training group 
was superior to that of the distributed training group. In other words, massed training 
methods were more effective for improving spatial ability. 

Although many studies have reported that spatial ability is enhanced by training, a 
number of studies do not support this notion. For example, in studies relating to appa-
rel design, no training programs or curricula have been proved to improve perfor-
mance on spatial visualization tests. Workman, Caldwell, and Kallal [5] investigated 
the relationship between spatial ability and apparel design. In their experiment, they 
considered training to be the independent variable, and the Apparel Spatial Visualiza-
tion Test (ASVT) and Differential Aptitude Test-Space Relations (DATSR) scores to 
be the dependent variables. The experiment results indicated that the ASVT scores of 
the training program or curriculum participants significantly exceed those of the par-
ticipants with no training, although no differences were observed between the 
DATSR scores of the trained and non-trained participants. These findings suggested 
that although training influences professional performance, professional training does 
not influence spatial ability performance. In addition, the researchers found that 
DATSR and ASVT were unrelated, which indicates that spatial ability tests cannot 
predict the professional performance of apparel design. 

A consensus regarding spatial ability and training has yet to be reached in relevant 
studies. Some studies have asserted that training enhances spatial abilities, although 
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others have not achieved the same results. Therefore, further discussion of whether 
design training enhances spatial abilities is necessary. 

1.2 Spatial Abilities and Solution Strategies  

Solution strategies influence spatial test scores. Different people use different solution 
strategies to solve the same problem [6]. Studies of solution strategies are scarce, 
mainly because solution strategies are difficult to assess or estimate. Currently, nu-
merous methods are used to assess participants’ solution strategies; the most com-
monly employed is the introspective method. This method involves the participants 
describing their conscious experiences. These descriptions are then used to determine 
the psychological processes participants undergo during spatial testing. Other me-
thods used to explore solution strategies include response times and eye movement 
tracking and analysis. 

Snow [7] collected introspective reports from numerous people who completed a 
paper folding test. Snow found that the first action performed by the participants was 
item or topic analysis, which included analyzing the contours, angles, symmetry and 
other characteristics of the patterns or figures. The participants reported that they 
extracted pattern characteristics, used matching or pairing strategies, or employed 
elimination strategies to disregard incorrect options. Finally, some participants stated 
that elimination was an alternative strategy when no solutions were produced after 
applying matching or pairing strategies. 

In the context of research on spatial strategy applications, Workman and Lee [8] 
investigated whether changes, as well as the cultural differences in these changes, 
existed between spatial and professional abilities before and after apparel design les-
sons or classes. They conducted retrospective interviews and instructed the partici-
pants to recall the strategies they applied when answering questions. Their findings 
indicated that the participants’ spatial and professional abilities after attending lessons 
for one semester were significantly superior to their previous abilities. Additionally, 
their results did not show cultural differences. The participants applied seven strate-
gies, that is, stimulus analysis, extraction of a landmark, matching, elimination, 
checking, relying on expectations based on prior knowledge, and guessing. 

Meanwhile, other studies have divided solution strategies for spatial testing into 
holistic and analytical strategies [9]. Tzurial and Egozi [10] further investigated the 
relationship between holistic and analytical strategies and mental rotation abilities. 
Their results indicated that children with high mental rotation abilities tended to apply 
holistic strategies. They also found that boys and girls applied different strategies. 
Most boys used holistic strategies, whereas most girls employed analytical strategies. 
Tzurial and Egozi contended that holistic strategies were comparatively more effec-
tive for solving mental rotation tasks compared to analytical strategies. This implies 
that the use of different strategies may be one reason for the spatial ability differences 
between boys and girls. 

However, whether these strategies can be generalized for other tests, that is, 
whether the strategies employed for spatial tests are used in other tests, remains to be 
determined. Janssen and Geiser [11] investigated the relationship between strategies 
and two spatial tests. Their findings indicated that participants who tended to apply 
analytical strategies to Test A also applied the same strategies to Test B. Thus, we can 



406 H. Lin 

 

infer that strategies can be generalized to other spatial tests. In addition, findings have 
shown that more women apply analytical strategies to MRTs compared to men, and 
that the solution efficiency of men exceeds or is more rapid than that of women. 

2 Methodology 

Numerous studies have found that spatial abilities are improved through training, and 
the majority of these studies have adopted mental rotation as their spatial ability test. 
However, mental rotation is only one aspect of spatial ability. Therefore, it is neces-
sary to more comprehensively measure spatial ability, so as to determine which as-
pects or factors of spatial ability are improved through training. Moreover, solution 
strategies are among the key factors that generate spatial ability differences. Whether 
design training changes the application of strategies remains to be determined. Con-
sequently, this study established the following two objectives: (1) to analyze whether 
spatial ability differences exist between design and non-design groups, and to identify 
the spatial factors in which differences occur if they do exist; and (2) to analyze 
whether solution strategy application differences exist between the design and non-
design groups using a retrospective questionnaire survey. 

2.1 Participants 

A total of 72 participants were recruited and evenly allocated to a design group and a 
non-design group. The design department participants were students from the De-
partment of Industrial Design at National Kaohsiung Normal University. The non-
design department students were students from the Department of Education, De-
partment of Optoelectronics and Communication Engineering, and the Industrial 
Technology Education Department. The participants ranged between 18 and 25 years 
of age. 

2.2 Material 

Regarding spatial tests and based on the perspectives of Carroll [12] and Miyake, 
Friedman, Rettinger, Shah, and Hegarty [13], three spatial ability factors and the  
tests commonly employed for these factors, were selected. These factors comprised 
spatial visualization, spatial relation, and perceptual speed. For spatial visualization, 
the VMRT and cube comparison test (CCT) were adopted; for spatial relation, the 
CRT was employed; and for perceptual speed, the hidden pattern test (HPT) was  
applied. 

The spatial solution strategies were based on those proposed by Moè, Meneghetti, 
and Cadinu [14]. Following the completion of the MRT, the participants were  
instructed to complete a strategy-item questionnaire survey. The questionnaire com-
prised four holistic and two analytical items. The participants completed the question-
naire according to the strategies used for the MRT, with a score of 1 representing the 
weakest use of a strategy and 7 representing the strongest use of a strategy.  
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2.3 Procedures 

The participants completed the spatial tests in a quiet environment in small groups of 
three to eight people. The tests were conducted in a paper format, and before each test 
began, two examples were provided for practice. Formal testing was employed fol-
lowing the confirmation of participants’ understanding of how to complete the test. 
The solution strategy questionnaires were provided to the participants after the spatial 
tests. The participants completed the questionnaires based on the solution methods 
used for the MRT. 

3 Results 

The descriptive statistics for participant performance on the four spatial ability tests 
are tabulated in Table 1. To further assess whether design training influenced spatial 
ability performance, and to identify the spatial ability factors that were influenced, 
independent sample t tests were conducted to compare performance differences on the 
four spatial tests between the design and non-design groups. 

Table 1. Descriptive statistics for the four spatial tests 

 Range Mean SD 

MRT 1-13 6.94 2.41 

CCT 6-20 12.83 2.96 

CRT 36-147 86.73 22.67 

HPT 32-182 130.93 24.92 

Regarding mental rotation, the t test results indicated that t (70) = 4.82, p < .01. 
Based on calculations of the mean, the design group scored 8.13 and the non-design 
group scored 5.75. This suggests that the MRT performance of the design group was 
significantly superior to that of the non-design group. Regarding cube comparison, the 
t test results indicated that t (70) = 5.35, p < .01. The mean score for the design group 
was 14.41, and 11.25 for the non-design group. This suggests that the CCT perfor-
mance of the design group was significantly superior to that of the non-design group. 
For card rotation, the t test results indicated that t (70) = 2.41, p < .05. According to 
mean calculations, the design group scored 92.97 and the non-design group scored 
80.50. This demonstrates that the CRT performance of the design group was signifi-
cantly superior to that of the non-design group. Finally, regarding hidden patterns, the 
t test results indicated that t (70) = 1.86, p = .07. These results did not achieve signi-
ficance. This indicates that the HPT performance of the design and non-design groups 
were similar. 

For solution strategies, t tests were also conducted to compare the holistic and ana-
lytical item scores of the design and non-design groups. Regarding the holistic items, 
the scores for the four items were summed and divided by four to obtain an overall 
holistic item score. Subsequently, the differences between the scores for the design 
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and non-design groups were compared. The t test results indicated that t (70) = 7.97, p 
< .01. The design group mean score was 3.80 and that for the non-design group was 
2.86. This suggests that participants in the design group applied holistic strategies at a 
higher rate during spatial testing compared to those in the non-design group. Regard-
ing the analytical items, the scores for the two items were summed and divided by 
two to obtain the overall analytical score. Subsequently, t tests were conducted to 
determine whether differences existed between the analytical strategies employed by 
the design and non-design groups. The results indicated that t (70) = -6.14, p < .01. 
Based on calculations of the mean, the design group scored 2.62 and the non-design 
group scored 3.78. This suggests that participants in the non-design group applied 
analytical strategies at a higher rate during spatial testing compared to those in the 
design group. 

Based on the Pearson product-moment correlation test results, mental rotation abil-
ities were positively correlated to the holistic items (r = .40) and negatively correlated 
to the analytical items (r = -.37). This suggests that higher mental rotation scores were 
obtained with higher holistic item scores. Conversely, lower mental rotation scores 
were obtained with higher analytical item scores. 

4 Conclusion 

In this study, we investigated whether spatial abilities increased following design 
training, whether different solution strategies are applied after design training, and 
explored the relationship between holistic and analytical strategies and spatial test 
performance. Thus, we considered the design and non-design groups independent 
variables, and considered the four spatial tests and solution strategies dependent va-
riables. The results indicated that the design group’s mental rotation, cube compari-
son, and card rotation performances significantly exceed those of the non-design 
group. The MRT and CCT corresponded to the spatial visualization factor, and the 
CRT corresponded to the spatial relation factor. Consequently, the spatial ability fac-
tors of spatial visualization and relation are influenced by design training, although 
perceptual speed is not affected. In addition, we found that the design group tended to 
apply holistic strategies, whereas the non-design group tended to apply analytical 
strategies. Further investigation of the relationship between holistic and analytical 
strategies and mental rotation scores showed that the MRT was positively correlated 
to holistic strategies and negatively correlated to analytical strategies. In other words, 
solution strategies influence spatial test performance. 
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