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ABSTRACT  

 

This paper analyses the relations between the spatial abilities of freshmen engineering 

students and the use of certain types of video games. The study was carried out with 

Mechanical, Electronic and Civil Engineering students at the University of La Laguna 

(Spain) during the 2007-2008 academic year. An intensive training course on spatial 

abilities was conducted, using only video games as a learning tool. The video games 

were used on two different platforms: personal computers (PC) and handheld video 

games consoles (Nintendo DS). This console was chosen as the only one that offered 

the possibility of playing interactively with the screen, using an electronic pencil. The 

game chosen was Tetris because there is a PC and a Nintendo version, and it requires 

spatial abilities to play. Spatial abilities were measured by two tests; the MRT and the 

DAT: SR. From the results obtained, we can conclude that video games are a good 

strategy for improving spatial abilities. 
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I. INTRODUCCION 

Several authors related the use of video games to improved spatial abilities [1, 2, 

3, 4] however, no references have been found to any specific study conducted in 

Engineering Graphics at Engineering Schools at University levels.  

We had specific data about the use of video games in engineering students at the 

University of La Laguna (Tenerife, Spain). These data were collected at the beginning 

of the academic year 2004/05 as part of a PhD thesis [5]. The spatial abilities of students 

starting the first year of an engineering degree at this University were measured with 

two tests; MRT (Mental Rotation Test) and DAT: SR (Differential Aptitude Test, 

Spatial Relation) [6].  

Measurements were taken of 460 students, who were also asked to fill in a data 

questionnaire with information on 20 aspects that could be related to spatial abilities, 

like: age, sex, education, hobbies, sports played, whether or not they were regular video 

game players, etc. Due to the breadth of the aspects covered in this questionnaire, the 

concept of what was considered a regular video games player was never precisely 

defined. For this reason, each student classified him/herself as a regular player or not, 

based on his/her own criteria.  

The data obtained in the Saorín study were processed using a multi-variant 

regression that identified the use of video games as a significant variable within the set 

of aspects studied (this is especially true when referring to the MRT test). The general 

conclusions concerning video games drawn from this initial study [5] can be listed as 

the following: 

 Regular use of video games enables students to get better results in the spatial 

abilities tests (especially in Mental Rotation). 
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 The percentage of female non players is noticeably higher than the percentage of 

non playing men. 

 Players, be they men or women, obtain higher than average scores for their sex 

in the tests and higher scores than non players. 

 The worst results are obtained by non playing women. 

These conclusions obviously have to be taken with certain reservations, bearing in mind 

that the data concerning the condition of regular user of video games was obtained on 

the basis of the criteria of the subject taking part in the study. 

In this paper, we will attempt to clarify the status of regular video game user with a new 

data survey.  

On the other hand, not all the video games are equal. Some authors have used 

“Tetris” video game as a tool to improve spatial abilities [1, 7], as was the case in this 

experience. These studies were conducted in the field of psychology, focussing on the 

effects caused during adolescence and related to gender. More recent works [8] claim 

that training with action games develops spatial skills, benefiting women to a greater 

extent than men.  

In the next sections, the question of whether video games can improve the spatial skills 

of engineering students will be analysed. First a summary of the components of spatial 

skills and the tools to measure them, and then a pilot study based on training with video 

games are described in detail, along with the remedial course and a statistical analysis of 

the results. The paper ends with the presentation of the conclusions reached from this 

experience and with some proposals for future work. 
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II. THE MEASUREMENT OF SPATIAL ABILITIES AND TRAINING 

METHODS. 

There can be no doubt that spatial ability is one of the components of human 

intelligence as this is backed by countless lines of research [9, 10, 11, 12, 13, 14]. There 

is not, however, any clear agreement on the sub-skills that this component is made up 

of. McGee [15] distinguishes five components of spatial skills: Spatial Perception, 

Spatial Visualisation, Mental Rotation, Mental Relation and Spatial Orientation. Some 

of the most widely accepted theories are the paper by Lohman [11] and the Meta-

analysis conducted by Linn and Petersen [16], which identifies three kinds of spatial 

skills: Spatial Perception that requires participants to locate the horizontal or the 

vertical in a stationary display while ignoring distracting information.  Mental Rotation 

involves the ability to imagine how objects will appear when they are rotated in two or 

three-dimensional space. Spatial Visualisation refers to the ability to manipulate 

complex spatial information when several stages are needed to produce the correct 

solution. Halpern and LaMay [17] added two other distinct types: spatial-temporal 

ability and the generation and maintenance of a spatial image. The former involves 

judgments about the responses to dynamic or moving visual displays, and the latter 

requires participants to generate an image such as the shape of a particular letter of the 

alphabet, and then use the information in the image to perform a specified cognitive 

task. Researchers from the fields of psychology [18] and geometry [19] simplify this 

classification into two components:  

 Spatial Relation“ The ability to imagine rotations of 2D and 3D objects as a whole 

body”  

 Spatial Visualisation “The ability to imagine rotations of objects or their parts in 3 

spatial dimensions by folding and unfolding”. 

There are a large number of tools available for measuring spatial abilities [20, 21, 22, 
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23, 24]. Using this latter classification, we chose two tests, one for each of the main 

categories outlined above, to enable us to quantify the values of the spatial ability: 

 Mental Rotation Test (MRT) for spatial relations [20].  

 Differential Aptitude Test - Spatial Relations Subset (DAT: SR) for spatial 

visualisation [21]. 

 

Figure 1. Example of MRT test question 

 

Figure 2. Examples of DAT:SR test questions 

 

Differences in spatial skills between men and women have been studied in many 

studies, which suggest that men have the edge over women in mental rotation tasks [16, 

25, 26].  

On the other hand, some authors have suggested that these differences may be 

influenced by the different social status of the people concerned [27, 28], or by 

environmental and socio-cultural aspects [29]. A Knowledge of the relation between the 

regular tasks that men and women carry out and spatial abilities would therefore be a 

good indicator. Some studies done along these lines [8, 30] conclude that video games 

may be a tool to improve these abilities.  

Spatial skills can improve with specific training. The methodologies used may differ, 

depending on the area of application (pen and paper skeches, Isometric sckeching,  

multi-media platforms, on-line platforms, video games, virtual reality, augmented 

reality, specific software, physical materials, etc.). Contents such as descriptive 

geometry, orthographic views, three-dimensional modelling, etc, have been used in 

engineering in order to improve the spatial abilities of students.  Dejong [31], Lord [32], 

Sorby [33, 34] and Alias, Black and Gray [35] used a traditional graphics course on 
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sketching activities, orthographic projection, isometric drawing. In his work, S.E. Wiley 

[36] concluded that 3D solid models and animation may help in developing visual 

perception abilities. Devon et al [37], demonstrate that solid modelling increases the 

student’s visualisation scores much more that using 2D CAD. In recent studies, Martin-

Dorta, Saorín & Contero [38], compare the effect of several different methodologies for 

improving spatial abilities and they show that the Google Sketch Up software is an 

optimum tool to be included in these methodologies. Dünser et al [39] conclude that 

augmented reality is a highly useful tool for training spatial abilities. Rafi, Samsudin & 

Said [40] demonstrate the effect of virtual reality based training on improving the 

spatial abilities of men and women. 

 

III. PILOT STUDY  

A. Rationale 

The development of spatial abilities in engineering students is directly related to the 

professional success of their work [41, 42].  

Some researchers have undertaken training courses aimed at improving spatial abilities 

among university students [31, 37, 39, 45]. In the University of La Laguna, on the other 

hand, previous research has been done with short improvement courses [4, 38]. The 

focus of these courses has varied: 

 Based on classic exercises (views) using pencil and paper. 

 Multimedia Web-based exercises on-line. 

 Sketch-Based Modelling using Calligraphic Interface. 

 Use of the Google Sketch-up modelling application as a work tool.  

(http://www.sketchup.com/ ). 

The objective is for students to achieve a minimum level of spatial ability by the end of 

http://www.sketchup.com/
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their training, which should help them to participate successfully in the regular 

engineering graphics course taught during the first term in most undergraduate 

engineering courses.  

It is common practice in many Spanish universities to offer a series of remedial courses 

for freshman engineering students, to enhance their knowledge in basic subjects such as 

mathematics, physics, chemistry or engineering graphics. These courses are usually 

taught some weeks prior to the official beginning of the academic term. In other cases, 

they are concentrated in the first weeks of the term. Attendance is voluntary and these 

remedial courses are recognised as elective subjects in the personal curriculum of the 

student. 

This pilot study has been designed as a course to improve spatial abilities based on the 

use of video games on two different platforms: PC type personal computers and 

Nintendo DS type portable consoles. 

B. Data questionnaire 

Mindful that the objective was to obtain reliable data on the effect of video games, we 

designed a new data questionnaire to be filled in by theses students.  

Apart from the usual data (age, sex, etc.), the new questionnaire provides details about 

the participants and the video games. These surveys reveal that the average number of 

hours of video-gaming for all the students is over five hours a week. All students that 

play for at least three hours a week are classified as regular players. This questionnaire 

has also asked for information on the platform that students use (personal computer or 

type of console) and the kind of games used (action, adventure, simulators, skills, 

intelligence, sport, ability puzzles, etc). 
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C. Selection and description of the sample. 

At the beginning of the academic year 2007/08 (October), spatial abilities of 

engineering students were measured (MRT and DAT) and the questionnaire was done 

on a total of 119 first year Mechanical, Electronic and Civil Engineering students at the 

University of La Laguna (Spain). 

Volunteers were called for from among students enrolled in Engineering Studies at the 

beginning of the first term, to take part in a spatial ability improvement course based on 

the use of video games. They were told that the video game that would be used on the 

course would be “Tetris”. Initially, 77 students enrolled for the training course, but, for 

a range of different reasons (lack of time, other commitments, illness, etc.) only 35 

students completed the course, so the data that we obtained are based on a sample of 

this number of students.  

The pilot study was conducted during the first week of the academic year 2007/08 so, at 

the time of taking part in the experience, these students had not attended any 

Engineering Graphics classes in their degree courses.  

Table I. Test Results of participants before intensive course. 

 

 MRT DAT 

 Mean 
(SD) 

Mean 
(SD) 

Total Population 

(N=119) 

17.55 
(8.31) 

39.13 
(11.07) 

Total Sample 

 Intensive Course  

(n =35) 

17.43 
(8.21) 

41.49 
(10.31) 

 

The spatial abilities of the students that are going to participate in the training course are 

on a similar level as those of the total population. 

Before launching the pilot study we conducted a study of the required sample size (n) 

considering the minimum gain to detect and the standard deviation of the population. 
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The probabilities for Type I error (α error) and type II error (β error) were fixed to 5% 

and 10%, respectively (normal values). See Table II. 

Table II. Sample size calculation for the study of improve spatial abilities. 

  Estimates Standard deviation of the gain scores (S.D) 
 n 4,5 5 5,5 6 6,5 7 

d
 (

p
re

ci
si

o
n

 -
 G

ai
n

 V
al

u
e)

 1 213 262 318 378 444 514 

2 53 66 79 94 111 129 

3 24 29 35 42 49 57 

4 13 16 20 24 28 32 

5 9 10 13 15 18 21 

6 6 7 9 10 12 14 

7 4 5 6 8 9 10 

8 3 4 5 6 7 8 

 

d

DS
ZZn

2
2 ..

)(    

n= sample size 

Type I error (α = 0.05)     Zα=1.96  

Type II error (β = 0.10) Zβ=1.28 (power, 1-β is the probability of avoiding a type II 

error). 

S.D. = expected standard deviation  

d= expected precision. 

 

The 35 students were divided into 2 sub-groups on the basis of the platform that they 

were going to play on (21 on PC platform and 14 on Nintendo DS platform), taking 

“non regular players” as a top priority criterion to choose students to do the course on 

the Nintendo DS platform and the number of available consoles. Interaction on the 

touch sensitive screen with the pointer was considered intuitive for people not 

familiarised with video games. According to the sample size considered in our study, 

we should detect at least four points of gain and standard deviation of gain between 4.5 

and 5.5 points). See Table II.  

Table III shows the spatial abilities levels of regular video games players and of non-

regular players. We conducted the t-student test for independent series, with a view to 

checking whether the means of the two samples were similar or not. In the case of 
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comparing the mean MRT values of players and non-players, this gives a p-value of less 

than 0.01 (0.0036<0.01), and for the DAT-SR, a p-value of less than 0.05 (0.027<0.05). 

In light of these results, we can fairly say that the mean and standard deviation obtained 

from the MRT and DAT-SR tests confirm that there are significant differences between 

the spatial abilities of regular and non regular players. 

Table III. Test results by kind of player. 

 

 Students Mean 

MRT 
 (SD) 

Mean 

DAT-SR 
 (SD) 

 119 17.55 
(8.31) 

39.13 
(11.07) 

Regular Video game 

Player 

74 19.13 
(8.49) 

40.65 
(11.09) 

Non Regular Video 

game Player 

45 14.96 
(7.38) 

36.62 
(10.69) 

 

Although the object of this paper is not to analyse the results by gender (there are 

several studies that focus on this aspect [30, 43], it is interesting to present the results 

(Table IV), which show several important aspects for future studies: 

 The percentage of regular male video game players (75%) is greater than 

females ones (30%). 

 The effect of being a gamer or not is clearer among women than among men. 

Table IV. Test Results by kind of player and gender. 

 

 Men 

 

Women 

 

 Students Mean 

MRT 
(SD) 

Mean 

DAT 
(SD) 

Students Mean 

MRT 
(SD) 

Mean 

DAT  
(SD) 

Totals 86 19.74 
(8.08) 

40.77 
(10.38) 

33 11.85 
(5.91) 

34.85 
(11.80) 

Regular Video game 

Player 

64 20.00 
(8.47) 

41.55 
(9.93) 

10 13.60 
(6.60) 

34.90 
(16.32) 

Non Regular Video 

game Player 

22 19.00 
(6.95) 

38.50 
(11.57) 

23 11.09 
(5.57) 

34.83 
(9.68) 

 

These data ratify Saorin’s suspicion of 2005; the fact that a regular video games player 

obtains higher scores in the tests measuring spatial abilities and that female regular 

gamers are a minority. In general, the initial spatial abilities level of women is lower 

than that of men. 
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D.  Selection of video game and platform. 

To select a game and choose a platform for the experience, research has had to be done 

into the world of leisure and video games and consoles. The most widely used platforms 

among video game users are: Personal Computer (PC), Sony PlayStation (model 1, 2 

and 3), Sony PlayStation Portable (PSP), Nintendo Wii, Nintendo DS, Nintendo Game 

Boy Advance and Microsoft Xbox 360. Other platforms less widely used by players 

include: Nintendo Game Cube, Sega Dreamcast, Nokia N-Gage, Game Park 32 (GP32).  

Portable consoles (PSP and Nintendo DS) are well accepted, as users want more and 

more performance from smaller, more versatile and portable devices. On the other hand, 

the same video game may be available on different platforms, although it is not played 

in exactly the same way. Each game is adapted to the controls of each platform. For this 

study, the categories of video games used are the categories established in the report 

“Jóvenes y Videojuegos” drafted by INJUVE, Institute of Youth, which answers to the 

Ministry of Work and Social Affairs (Spanish government) [44]: Platform, simulators, 

action, ability, intelligence, practising some kind of sport, sporting strategy, non 

sporting strategy, motor, shooting, fighting, graphic adventure, role and arcade games.  

The decision was taken to organise this experience into Personal Computers and 

Nintendo DS consoles. PC was chosen as the most accessible means for everyone to 

play and the Nintendo DS console was chosen as the only one that offered the 

possibility of playing interactively with the screen, using an electronic pencil.  

The following conditions were proposed for choosing the game to be used in the 

training course: 

- Based on geometric forms or figures. 

- It had to be possible to manipulate, rotate, and move the forms, figures, 

elements.  

http://www.ciao.es/Game_Park_32_GP32_consolas__204780
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- Related to some spatial ability such as spatial relations or spatial visualisation. 

- It must offer the possibility of counting points scored or the levels reached. 

- Supported on the two platforms: PC and Nintendo DS 

- Possibility of using electronic pencil on the Nintendo platform. 

There are many PC platform based games that meet these requisites [46, 47, 48]. Some 

of these are very interesting: Bloxors [48], Evilcube, Rotation, Laby, Figuras, Gridlock, 

Faraón [46]. The same cannot be said of the Nintendo DS platform. Due to the fact that 

it is new on the market, at the time of this work, there is practically no game available 

that meets all the requirements set. One of the few games available on the two platforms 

that does meet all the aforesaid requisites is “Tetris”.  For the PC, we opted for free 

Tetris versions available on Internet. The games in particular that were chosen were 

“Tetris Arena-Revolution” (available in http://www.terminalstudio.com/tetris.shtml) 

and “3D-Tetris” (available in http://www.xdgames.com/games/3dblocks). For the 

Nintendo DS console, “Tetris DS” was used [49]. 

 

E. Details of the improvement course. 

The course to develop abilities through the use of video games was designed on the 

premise that it would be done by two groups, one using the PC version of the game and 

the other group using the Nintendo DS console. The course consisted of playing the 

different modes of games available both in PC and Nintendo DS versions (Figures 2 to 

9). The duration of the course is 5 hours of training and 2 hours dedicated to undergoing 

tests. 

The PC platform course used the following modes of play: 

1.-Tetris Classic (figure 3) the basic level consists of shifting and rotating geometric 

figures simulating bricks (pieces) of different shapes that “fall due to gravity”. When a 

complete line is formed (without gaps), the row disappears. Pieces cannot be allowed to 

http://www.terminalstudio.com/tetris.shtml
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build up to reach the top of the screen if the player does not want to lose the game. The 

Advanced level consists of having to play the game faster. The pieces “fall” at a greater 

speed and, therefore, one has to think out the position that we want to rotate, shift and 

place them quicker.  

2.-Revolution (figure 4) also has basic and advanced levels with the variant that there 

are pieces with other shapes and pre-created rows of pieces can emerge from the bottom 

of the screen.  

3.-Tetris block 3D, this is the same system but in this case, it is a 3D game.  

3.-a) Mega Tris (figure 5), the pieces “fall” to make a wall in isometric 

perspective. 

3.-b) Block 3D (figure 6), the area that the pieces fall into is a cube. In 

this case, an entire surface has to be completed at the same level to make 

it disappear. 

The course on the Nintendo DS platform used the following modes of play: 

1.-Tetris Marathon. This is the same as the Tetris Classic mode on the PC platform. 

Once a number of rows have been eliminated, the player goes to a higher level, on 

which the pieces “fall” at a faster rate, so the player has to think faster about the best 

way to place the pieces (figure 7). The pieces are manipulated with the buttons on the 

console. 

2.-Tactile – Tower. In this mode of play, the pieces are piled up and the player has to 

shift and rotate then using an electronic pencil to make full rows, which are then 

eliminated. The objective is to eliminate all the pieces (figure 8). 

3.-Puzzle – puzzle. There are 200 puzzle exercises, in which the player is given a 

“wall” with gaps. The player then has to eliminate all the rows of the wall with the three 
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pieces available. The player can rotate these pieces to fit them into the wall with the 

electronic pencil to make the best fit (figure 9). 

4.-Tactile – puzzle tactile. There are 50 puzzle exercises, in which several pieces are 

piled up and we must use the electronic pencil to eliminate rows, following the 

instructions that appear at the top of the screen (figure 10).   

The detailed programme and contents of the course for video game training is specified 

in Table V. 

  
Fig 3. Tetris Arena. Classic Mode. Fig 4. Tetris Revolution. Revolution Mode 

  
Fig 5. Tetris Block 3D. Mega Tris Mode Fig 6. Tetris Block 3D. Tetrix 3D Mode 

 

  
Fig 7. Tetris Marathon Fig 8. Tactile – Tower. 

  
Fig 9. Puzzle – Puzzle Fig 10. Tactile – puzzle tactile. 
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Table V. Contents and timetables of video game training course. 

 

 PC PLATFORM COURSE. NINTENDO DS PLATFORM COURSE 
 

MONDAY 9:00-10:00 

Data File and Survey 

Test MRT // Test DAT-SR 

10:00 – 11:00 

Tetris Arena: 

Classic Mode (figure 2) 

10:00 - 10:30 

Objective: Note highest score. 

Advanced Mode 10:30 - 11:00 

Objective: Note highest score. 

 

9:00-10:00 

Data File and Survey 

Test MRT // Test DAT-SR 

10:00-10:20  

Tetris – Normal – marathon (Figure 6) 

Objective: Note Level, destroyed lines 

and points. 

10:20-11:00  

Tactile-Tower (Figure 7) 

Objective: Note points level 1, level 2, 

level 3 

TUESDAY 9:00-10:00 

Tetris Revolution: 

Revolution Mode (Figure 3) 

Objective: Note Highest Score 

obtained. 

10:00-11:00 

Block 3D. Mega Tris Mode.  

 

9:00 – 11:00 

Objective: Continue with Tactile-Tower  

if did not finish day before.  

Objective: Note points levels 1, 2, 3. 

If finish, start PUZZLE – Puzzle. 

(Figure 8) 

     Objective: Note level reached 

WEDNESDAY 9:00-10:00 

Block 3D. Mega Tris Mode.  

(Figure 4) 

10:00- 11:00 

Block 3D. Tetrix 3D Mode 

(Figure 5) 

 

9:00-9:30 

PUZZLE – Puzzle (Figure 8) 

Objective: Note highest level 

reached (max 200) 

9:30-11:00  

TACTILE – Puzzle Tactile. (Figure 9) 

Objective: Puzzles 1-50. Note 

highest level reached.  

If finishes, do TACTILE -Tower levels 

4 and 5 noting points obtained 

THURSDAY 9:00- 10:00 Final Tests. 

Test MRT // Test DAT-SR 

9:00-10:00 Final Tests.  

Test MRT // Test DAT-SR 

 

 

IV. RESULTS 

From the mean values of measuring spatial abilities before and after the training course 

with video games (Table VI), we can see that there is an increase in scores after doing 

the course. We will see if the effect of playing with video games has any effect on 

improving spatial abilities in this experience. For the statistical analysis, we used a 
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Student t-test, taking as the null hypothesis (H0) the fact that mean values for spatial 

visualisation abilities did not vary after the end of the training course. The t-Student for 

paired series was applied and the p-values obtained are: for the MRT test, it is 1.72E-11 

(t=9.85), and 8.46E-13 (t=11.05) for the DAT:SR test, making it less than 1 

(p-value<0.01) in both cases. Hence we can claim that there is an improvement in 

results with a 1% significance. The null hypothesis is rejected and we can conclude that 

the means scores for the experimental group underwent a positive variation, with a 

significance level of higher than 99%. In other words, the training course using video 

games had a measurable and positive impact on the spatial ability of students, measured 

by both MRT and DAT: SR tests. 

Analysing the data with respect to platform used (Table VII), we can see that the results 

improve with the use of both platforms. 

Table VI. Results before and after training with video games. 

 MRT 
Pre-test 
Mean 
(SD) 

MRT 
Post-test 

Mean 
(SD) 

Gain 
MRT 
Mean 
(SD) 

 DAT 
Pre-test 
Mean 
(SD) 

DAT 
Post-test 

Mean 
(SD) 

Gain 
DAT 
Mean 
(SD) 

 

Total Students 

 (35) 

17.43 
(8.21) 

25.60 
(9.26) 

8.17 
(4.90) 

 41.49 
(10.31) 

50.63 
(8.53) 

9.14 
(4.89) 

 

 
Table VII. Results before and after training depending on platform used. 

 

 MRT 

Pre-test 

Mean 
(SD) 

MRT 

Post-test 

Mean 
(SD) 

Gain 
Scores 
MRT 

Mean 
(SD) 

DAT 

Pre-

test 

Mean 
(SD) 

DAT 

Post-test 

Mean 
(SD) 

Gain 
Scores 
DAT 

Mean 
(SD) 

Participants with PC 

n=21   

20.76 
(8.01) 

27.48 
(9.03) 

6.72 
(4.54) 

40.38 
(11.51) 

49.67 
(8.68) 

9.29 
(5.09) 

Standard Error of Mean (SEM) 1.75 1.97 0.99 2.51 1.89 1.11 

Participants with Nintendo DS 

n=14    

12.43 
(5.73) 

22.79 
(9.19) 

10.36 
(4.76) 

43.14 
(8.30) 

52.07 
(8.40) 

8.93 
(4.76) 

Standard Error of Mean (SEM) 1.53 2.46 1.27 2.22 2.24 1.27 

 

Although there are large values for the standard deviation (SD), it is important to note 

that we are using the standard deviation of the sampling distribution of the mean to 



17 

compare average data, usually known as standard error of the mean (SEM). The Figure 

11 present graphically the data in the MRT and DAT:SR tests.  

 
Fig 11. Mean values and standard error of MRT and DAT scores 

 

Table VIII shows that there is a 1% statistical significance between the average scores 

obtained before and after the course using the two platforms; i.e., that in light of the 

results, it shows that there is a statistical improvement in the results of the two tests, 

irrespective of the platform used to play the video games. We can confirm that the 

probability of spatial abilities improving with the training proposed, are over 99%. 

 
Table VIII. Statistical significance of the results before and after training depending on the platform used. 

 

 

 

MRT DAT 

Participants with PC 0.0000014 < 0.01 

(t=6.77) 

5,87E-8< 0.01 

(t=8.36) 

Participants with 

Nintendo DS  

0,0000018< 0.01 

(t=8.13) 

0,0000091< 0.01 

(t=7.01) 
 

In order to compare the improvement achieved on each platform (PC or DS), we 

focused on the MRT and DAT gain values in each group. The samples have obtained 

gain values greater than 4 point (expected value in Sample size calculation – Table II). 

Applying the student t-test for independent series, we compare the mean gain of the two 

samples (PC vs Nintendo DS). We obtain for MRT a p-value =0.029 (t=2.28) and p-

value =0.836 (t=0.20) for DAT. In the light of these results, we can see that there is a 
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significant difference in MRT scores and the gain is greater after training with the 

Nintendo DS device (10.36 vs 6.72). This difference is not significant however with 

regard to the gain in DAT scores (8.93 vs 9.29). Figure 12 shows graphically the values 

of gain scores. 

 
Fig 12. Gain scores.  

 

In this line of research, the PC and Nintendo DS groups, although they played the same 

“Tetris” game, the versions were not exactly the same so comparisons between the two 

platforms would make no sense. It would be interesting to find applications that allowed 

players to play exactly the same on the two platforms so differences could be 

established solely on the basis of said variable.  

 

V. CONCLUSIONS AND FUTURE WORK 

In our study we can conclude that:  

 In order to improve spatial abilities, we can use students’ hobbies as a valid 

training strategy, without any academic exercises.  

 In our pilot study, the use of video games in intensive training courses improves 

the development of spatial abilities. This result is obtained by only playing video 

games (Tetris), without any need to provide theoretical contents about the 

subjects of Engineering Graphics. 
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 The two platforms used for training, PC and Nintendo DS, improve spatial 

abilities. 

 Playing “Tetris” on Nintendo DS develops the ability to imagine rotations of 

objects in 2D and 3D (spatial relations) to a greater extent than playing Tetris on 

a PC.  

In many university systems, like the Spanish one, there is a growing diversity in the 

curricula that students have followed before entering the university undergraduate level. 

This means, in the case of subjects related to the Engineering Graphics field, that many 

students have a poor background on this topic, and also underdeveloped cognitive skills 

for manipulating graphic information in their mind.  

The study presented in this paper shows that a special kind of videogames (those that 

are centered on specific geometric manipulations) can help to improve the spatial 

abilities that are required for many engineering problem solving activities. 

In a context, where engineering educators must be continually looking for strategies to 

implement the most effective instructional approaches, video game technology can 

provide educators a wealth of potential tools. 

The employment of specific video games as a complementary activity to classical 

academic tasks can promote student motivation and a positive attitude as we have noted 

during the development of this study. 

We think that there are two basic approaches to integrate video games as a 

complementary activity in the specific context of spatial abilities development. One is 

based on analyze available commercial titles, as the study presented here. The other 

approach would be developing ad-hoc videogame-like applications that could combine 

the look and feel of videogames and perhaps some contents related to the Engineering 

Graphics field.  Our research group is developing research activities following both 
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approaches, and in both cases, the use of mobile platforms (in this study the Nintendo 

DS console) has shown very attractive for students.  

There are many open issues that will require further research activity; for example, it 

would be interesting to conduct a specific analysis to determine what is the importance 

of the user interface on the abilities development. 

Tactile, mouse and electronic sketching would be the first candidates to be evaluated, as 

there are commercial devices that use it. We also want to clarify the relation of gender 

and video games in order to improve the spatial abilities training. 

Finally, as future works we also want to investigate other non-conventional strategies of 

improving spatial abilities that use technology in an easy-to-learn way. We are 

designing a training course using Augmented Reality. This technology allows students 

to manipulate virtual 3D objects with their own hands. We also want to make surveys 

about the attitude and motivation of students towards these learning methodologies and 

technologies.  

 



21 

REFERENCES. 

1. Q-P.Claudia, G. Christian, L. Wolfgang, The relationship between computer-game preference, 

gender, and mental-rotation ability. Personality and individual Differences. 40, 609-619 (2006). 

2. M. Contero, F. Naya, P. Company, J.L. Saorín and J. Conesa, Improving visualization skills in 

engineering education. Computer Graphics and Applications. 25 (5), 24-31 (2005). 

3. S.W. Crown, Improving visualization skills of engineering graphics students using simple 

javascript web based games. Journal of Engineering Education. 90 (3), 347-355 (2001). 

4. M. Contero, F. Naya, P. Company and J.L. Saorín, Learning support tools for developing spatial 

abilities in engineering design. International Journal of Engineering Education. 22 (3), 470-477 

(2006). 

5. J.L. Saorín, Estudio del efecto de la aplicación de tecnologías multimedia y del modelado basado 

en bocetos en el desarrollo de habilidades espaciales. Doctoral Thesis. School of Industrial 

Engineering. Polytechnic University of Valencia, (2006). 

6. J.L. Saorín, R. Navarro, N. Martín and M. Contero, Visualization Skills and the Engineering 

Graphics Curricula.  Proceedings of the International Conference on Engineering and Computer 

Education. ICECE05, Madrid, Spain, (2005). 

7. L. Okagaki, P.A. Frensch, Effects of video game playing on measures of spatial performance: 

gender effects in late adolescence. Journal of Applied Developmental Psychology.  15, 33–58 

(1994). 

8. J. Feng, I. Spence and J. Pratt, Playing an Action Video Game Reduces Gender Differences in 

Spatial cognition. Psychological Science. 18 (10), 850-855 (2007). 

9. R. B. Cattell, H. W. Eber and M. M. Tatsuoka, Handbook for the Sixteen Personality Factor 

Questionnaire (16 PF). Institute for Personality and Ability Testing, p.394. Champaign IL 

(1970). 

10. J.P. Guilford and R. Hoepfner, The Analysis of Intelligence, p.512. McGraw-Hill, New York 

(1971). 

11. D.F. Lohman, Spatial Ability and G. In I. Dennis & P. Tapsfield (Eds.). Human abilities: Their 

nature and assessment. p. 97-116. Hillsdale, NJ: Erlbaum. (1996). 

12. L. L. Thurstone, Primary mental abilities, p.116. University of Chicago Press. Chicago (1938) 

13. L. L. Thurstone, Some primary abilities in visual thinking. Proceedings of the American 

Philosophical Society. 94 (6), 517-521 (1950). 

14. P.E. Vernon, The Structure of Human Abilities, p.160. Wiley, New York (1950). 

15. M G. McGee, Human spatial abilities: psychometric studies and environmental, genetic, 

hormonal, and neurological influences. Psychological Bulletin. 86 (5), 889-918 (1979). 

16. M. Linn and A. Petersen, Emergence and Characterization of Sex Differences in Spatial 

Ability:A Meta-Analysis. Child Development. 56, 1479-1498 (1985). 

17. D. F. Halpern and M.L. LaMay, The smarter sex: A critical review of sex differences in 

intelligence. Educational Psychology Review. 12, 229-246 (2000). 

18. J. Pellegrino, D. Alderton and V. Shute, Understanding Spatial Ability. Educational 

Psychologist. 19 (3), 239-25 (1984). 

19. S. Olkun, Making Connections: Improving Spatial Abilities with Engineering Drawing 

Activities. International Journal for Mathematics Teaching and Learning. Electronic journal: 

April, 1-10 (2003).  

20. S.G. Vandenberg and A.R. Kuse, Mental rotations: a group test of three-dimensional spatial 

visualisation. Perceptual and Motor Skills. 47(6), 599-604 (1978). 

21. G. Bennett, H. Seashore & Wesman, A differential aptitude tests. The Psychological 

Corporation, New York (1947) (Spanish official version: Handbook of the DAT-5. TEA 

Ediciones, S.A., (2007), Madrid). 

22. S.A. Sorby, Spatial Abilities and Their Relationship to Computer Aided Design Instruction. In 

Web Proceeding of the Annual Conference & Exposition: Engineering: Education to Serve the 

World; Charlotte, NC; USA, (1999). Available at: http://soa.asee.org/paper/conference/paper-

view.cfm?id=14680  (last accessed April, 2009). 

23. H. Stumpf and J. Eliot, A structural analysis of visual spatial ability in academically talented 

students. Learning and Individual Differences. 11, 137-151 (1999). 

24. K. Sutton and A. Williams, Developing a discipline-based measure of visualisation. Proceedings 

of the 2008 Assessment in Science Teaching and Learning Symposium. Sidney (2008). 

(Available in: http://science.uniserve.edu.au/pubs/procs/2008/115.pdf) 

25. D. Voyer, S. Voyer and M. Bryden, Magnitude of sex differences in spatial abilities: A meta-

analysis and consideration of critical variables. Psychological Bulletin. 117, 250-270 (1995). 

http://soa.asee.org/paper/conference/paper-view.cfm?id=14680
http://soa.asee.org/paper/conference/paper-view.cfm?id=14680
http://science.uniserve.edu.au/pubs/procs/2008/115.pdf
http://science.uniserve.edu.au/pubs/procs/2008/115.pdf


22 

26. D. Voyer, C. Nolan and S. Voyer, The relation between experience and spatial performance in 

men and women. Sex Roles. 43, 891-915 (2000). 

27. M. Baenniger and N. Newcombe, The role of experience in spatial test performance: A meta 

analysis. Sex roles: A Journal of Research, 20 (5-6), 327-334 (1989). 

28. C.Quaiser-Pohl and W. Lehmann, Girls’ spatial abilities: Charting the contributions of 

experiences and attitudes in different academic groups. British Journal of Educational 

Psychology. 72, 245-260 (2002). 

29. L. J. Massa, R. E. Mayer, and L.M. Bohon, Individual Differences in Gender Role Beliefs 

Influence Spatial Ability Test Performance. Learning & Individual Differences. 15 (2), 99-111 

(2005). 

30. M.S.Terleki and N.S. Newcombe, How important is the digital divide? The relation of computer 

and video game usage to gender differences in mental rotation ability. Sex Roles.  53, 433-441 

(2005). 

31. P.S. Dejong, Improving Visualization: Fact or Fiction?. Engineering Design Graphics Journal.  

41(1), 47-53 (1977). 

32. T.R. Lord, Enhancing the Visio-Spatial Aptitude of Students. Journal of Research in Science 

Teaching. 22 (5), 395-405 (1985). 

33. S.A. Sorby, Developing 3-D spatial visualization skills. The Engineering Design Graphics 

Journal, 63 (2), 21–32 (1999). 

34. S. A. Sorby and B. J. Baartmans, The development and assessment of a course for enhancing the 

3-D spatial visualization skills of first year engineering students. Journal Engineering Education. 

89 (3), 301- 307 (2000). 

35. M. Alias, T.R. Black and D.E.Gray, Effect of Instruction on Spatial Visualization Ability in Civil 

Engineering Students. International Education Journal, 3(1), 1-12 (2002). 

36. S.E.Wiley, Computer Graphics and the Development of Visual Perception in Engineering 

Graphics Curricula. Engineering Design Graphics Journal. 54 (3), 30-35 (1990). 

37. R. Devon,  R.S. Engle,  R.J. Foster, D. Sathianathan and G.F. Turner, The Effect of Solid 

Modelling Software on 3D Visualization Skills. Engineering Design Graphics Journal, 58 (2), 4-

11 (1994). 

38. N. Martín-Dorta, J.L Saorín and M. Contero, Development of a fast remedial course to improve 

the spatial abilities of engineering students. Journal of Engineering Education. 97(4), 505-513 

(2008). 

39. A. Dünser, K. Steinbügl, H. Kaufmann and J. Glück, Virtual and augmented reality as spatial 

ability training tools. In Web Proceeding of the 7th ACM SIGCHI New Zealand chapter's 

international conference on Computer-human interaction: design centered HCI. Christchurch, 

New Zealand (2006). Available at: 

http://www.ims.tuwien.ac.at/media/documents/publications/duenser_chinz_2006.pdf (last 

accessed April, 2009). 

40. A. Rafi, K.A. Samsudin, and C.S. Said, Training in spatial visualization: The effects of training 

method and gender. Educational Technology & Society. 11(3), 127-140 (2008). 

41. G.P. Adánez, A.D. Velasco, Predicting academic success of engineering students in technical 

drawing from visualization test scores. Journal of Geometry and Graphics, 6(1), 99–109 (2002). 

42. J. L. Mohler, Using interactive multimedia technologies to improve student understanding of 

spatially-dependent engineering concepts. Proceedings of the International Graphicon 2001 

conference on Computer Geometry and Graphics, Nyzhny Novgorod, Russia, 292-300 (2001). 

43. J. H. Goldstein, Sex differences in toy play and use of video games. In J. H. Goldstein (Ed.), 

Toys, play, and Child Development, p.110–129. Cambridge University Press, Cambridge (1994). 

44. E. Rodríguez, I. Mejías, A. Calvo, E. Sánchez and J. Navarro, Jóvenes y videojuegos, p.350. 

FAD/INJUVE, Madrid (2002). 

45. N. Boersma, A. Hamlin and S.A. Sorby, Work In Progress- Impact of a remedial 3-D 

Visualization Course on Student performance and retention. Proceedings of the 2004 

ASEE/IEEE Frontier in education Conference. FIG-22, Savannah (2004). 

46. http://www.videojuegos.com (skills and intelligence sections), accessed on April 19, 2009. 

47. http://www.publijuegos.com/flash/ (skill, logic sections), accessed on April 19, 2009. 

48. http://www.addictinggames.com/ (section Puzzle & Board), accessed on April 19, 2009. 

49. Nintendo, official website, http://www.nintendo.com/channel/ds/, accessed April 19,2009 

 

 

http://www.ims.tuwien.ac.at/media/documents/publications/duenser_chinz_2006.pdf
http://www.videojuegos.com/
http://www.publijuegos.com/flash/
http://www.addictinggames.com/
http://www.addictinggames.com/puzzle.html
http://www.nintendo.com/channel/ds/


23 

 

AUTHORS’ BIOGRAPHIES 

Jorge Martín Gutiérrez is a PhD candidate and Assistant Professor of Engineering 

Graphics and CAD at La Laguna University (ULL). He earned a degree in Geomatic 

and Surveying Engineering in 1996 and MS degree in  Geodesy and Cartography 

Engineering in 2004, both from the Extremadura University. Her PhD research focuses 

on Study and evaluation of didactic material and program in the development of the 

space abilities in the scope of engineering. He worked from 1996, as a project engineer 

civil and build. He joined La Laguna University in 2002 and his research interests 

include development of spatial abilities using multimedia technologies and sketch-based 

modelling. 

Norena Martín is a PhD candidate and Assistant Professor of Engineering Graphics 

and CAD at La Laguna University (ULL). She earned a degree in Architectural 

Technology in 1998 from ULL and an MS degree in Library Science and 

Documentation in 2005. Her PhD research focuses on calligraphic interfaces for sketch-

based modelling. She joined La Laguna University in 2001 and his research interests 

include development of spatial abilities using multimedia technologies and sketch-based 

modelling. 

José Luis Saorín is an Assistant Professor of Engineering Graphics and CAD at La 

Laguna University (ULL). He earned an MS degree in Energy Engineering in 1991, and 

a Ph.D. in Industrial Engineering in 2006 from UPV. He worked for private companies 

from 1992, as a project engineer in water supply systems. He joined La Laguna 

University in 2001 and his research interests include development of spatial abilities 

using multimedia technologies and sketch-based modelling. 

Manuel Contero is a Full Professor of Engineering Graphics and CAD with the 

Graphic Engineering Department at the Polytechnic University of Valencia (UPV). He 

earned an MS degree in Electrical Engineering in 1990, and a PhD in Industrial 

Engineering in 1995, both from UPV. His research interests focus on sketch-based 

modelling, collaborative engineering, facility layout planning and, development of 

spatial abilities using new technologies. 


