
Universal Journal of Educational Research 6(11): 2586-2596, 2018 http://www.hrpub.org 
DOI: 10.13189/ujer.2018.061124 

Enhancing Mental Rotation Skills through   
Google SketchUp 

Özlem Özçakır Sümen 

Faculty of Education, Ondokuz Mayıs University, Turkey 

Copyright©2018 by authors, all rights reserved. Authors agree that this article remains permanently open access under 
the terms of the Creative Commons Attribution License 4.0 International License 

Abstract  Spatial skills include the creation of objects 
in the mind and visualization them from different angles. 
This study examines the impact of Google SketchUp 
program on the development of mental rotation skills from 
spatial skills of eleven-year-old students. The study was 
conducted as a mixed method research. The quantitative 
research method of the study is descriptive and survey 
method was used. The qualitative research method used in 
the study is case study. In the study MGMP, MRST and 
interview form were used as data collection tools. A total of 
170 eleven-year-old students completed MGMP test. Five 
students from them with low, middle and high spatial skill 
levels were selected for the qualitative study via purposeful 
sampling. Before Google SketchUp training, the mental 
rotation skill levels of five students were determined by 
applying MRST. Students were then given training on 
mental rotation with Google SketchUp. Then, their mental 
rotation levels were evaluated again. The mental rotation 
levels of the students were assessed according to the SOLO 
taxonomy. As a result of the study, it was concluded that 
Google SketchUp is an effective program for the 
development of students' mental rotation skills. 

Keywords  Google SketchUp, Mental Rotation Skills, 
SOLO Taxonomy, Spatial Skills 

1. Introduction
Spatial thinking is about the mental processes of 

representing, analyzing, and drawing inferences from 
spatial relations [1] and it consists of the ability generate, 
retain, and manipulate abstract visual images [2]. Spatial 
ability is defined as the ability to perform tasks on the 
objects that require mental rotation, to understand how 
objects appear at different angles, and to understand how 
objects relate to each other in space [3]. These skills are 
usually mental skills related to visually understanding, 
manipulating, reorganizing, or interpreting relationships 
[4]. Although the perception of horizontality, mental 
rotation of objects, and location of simple figures within 

complex figures seem to be different from each other, these 
are referred to as measures of spatial ability [5]. Spatial 
abilities are important for higher-order thinking in science 
and mathematics, for the ability to generate metaphor in 
language and for creativity in many domains, although it 
was thought to be relevant with lower-order processing and 
concrete thought before [6]. Moreover, spatial ability and 
mathematics achievement are related and spatial reasoning 
and geometry form the foundation of much learning of 
mathematics and other subjects particularly for early 
childhood [7, 8]. In addition, mathematical ability consists 
of general intelligence, visual imaginary, perceptions of 
number and space configurations, and to retain such 
configurations as mental patterns [9]. For this reason, 
spatial skills are important in mathematics, and it is 
necessary to give students the opportunity to work with 
three-dimensional shapes, to visualize them in their minds, 
and to develop their spatial skills [10]. 

Spatial skills are important not only in the field of 
mathematics but also in many fields such as engineering, 
architecture and medicine. For success in engineering and 
other technological fields, the ability to visualize in three 
dimensions is an important cognitive skill and for 
engineering, the ability to mentally rotate 3-D objects is 
especially important [11]. Also for success in science, 
technology, engineering, and mathematics (STEM) fields, 
spatial abilities play a critical role and high spatial ability is 
linked to success in STEM-related careers [1, 12]. STEM 
education is a popular approach around the world, with 
great hopes for educating students numerically. Spatial 
abilities are also important because they are associated with 
success in STEM fields. Spatial thinking is shapable and 
STEM education can be improved by spatial training via 
inexpensive spatial interventions [1]. 

Studies about spatial ability have identified several 
different factors of spatial abilities [6, 9, 13]. Two major 
spatial abilities are spatial orientation and spatial 
visualization [7, 9]. Spatial visualization involves 
understanding the imaginary movements of 2D and 3D 
objects and spatial orientation is recognizing and operating 
especially the relationship between different locations in 
space, according to your position [7]. Orientation requires 
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only mental rotation of the configuration [9]. Spatial 
abilities consist of three types [5]: spatial perception, 
spatial visualization and mental rotation. It was also 
explained that mental rotation can be done efficiently using 
a Gestalt like mental rotation process analogous to physical 
rotation of the stimuli. Mental rotation can be defined as 
the ability to rotate a two or three dimensional figure 
rapidly and accurately [5] and it is the kind of spatial ability 
that a person imagines how a two- or three-dimensional 
object or array will appear after it has been rotated around 
an axis of a certain number [14]. 

The researches on spatial skills and mental rotation skills 
are quite old and have been done for different fields. For 
example, the dissociation between mental rotation and 
perspective-taking processes [15]; identifying and 
assessing the strategies in the spatial performance [16] and 
the relations between mental rotation (MR) and computer 
game-playing experience [14] were investigated in various 
studies. Moreover, the effect of dynamic geometry 
software Cabri 3D on the spatial abilities of mathematics 
teacher candidates was examined and found that Cabri 3D 
applications contribute to the spatial skills of teacher 
candidates [17]. It was found that the spatial skills of 
engineering students have improved via the multimedia 
software and the workbooks [11]. The studies about the 
effects of Google SketchUp from computer aided design 
(CAD) programs on spatial visualization and mental 
rotation skills are very limited. A fast remedial course 
based on 3D CAD modeling for improving spatial abilities 
of engineering students was conducted The chosen 
software was Google SketchUp. They found positive 
impact on students’ spatial abilities [18]. It was aimed to 
determine effects of SketchUp based geometry activities 
and projects on spatial visualization ability of student 
mathematics teachers in another study. The researchers 
conducted an experimental research and at the end of the 
study there was a significant difference between two 
groups in favour of experimental group was seen [19]. The 
effectiveness of Google SketchUp on the Mental Rotation 
Skills of eighth grade students was also investigated [20]. 
In the 2011-2012 academic year, an experimental study 
was conducted and the results revealed that, there is no 
significant difference between the mean scores of the 
experimental and control groups’ Mental Rotation Test. 
Because of the study’s participants and method is different, 
it is thought that this study will contribute to the field. The 
problems of the research can be expressed as “What are the 
spatial skill levels of eleven-year-old students?” and "How 
does Google SketchUp training affect the mental rotation 
skills of eleven-year-old students?" 

2. Method 
The study was conducted as mixed method research. The 

quantitative research method of the study is descriptive and 
survey method was used to collect data. The qualitative 
research method used in the study is case study. “Surveys 

gather data at a particular time with the intention of 
describing the nature of existing conditions, or identifying 
standarts against which existing conditions can be 
compared, or determining the relationships that exists 
between events” [21]. Surveys were used to determine the 
spatial skill levels of eleven year old students and case 
study was used to determine the effect of Google SketchUp 
training on the development of mental rotation skills. Case 
study is an in-depth description and analysis of a limited 
system. It is concerned with the intensive study of an event, 
but the event to be examined is a limited case; it can be a 
single person, society, program, institution or policy [22, 
23]. The most fundamental characteristic property of case 
studies is seen as the limitation of the object, that is, the 
case of the study [23]. In this study, the case was limited by 
taking the skill of "mental rotation" from the 
sub-dimensions of spatial skills. 

2.1. Participants 

The study was carried out at a public school. All of the 
students in the eleven age group training in the fifth grade 
(a total of 170 students) participated to the quantitative part. 
Then five students selected from them by maximum 
diversity sampling from purposeful sampling methods 
participated the qualitative part of the study. Five 
participants with the highest, middle and lowest scores 
were selected according to the results of MGMP test. 
“Although a common concern about qualitative research 
methods is the small sample size usually involved and the 
impossibility of generalizing; the purposeful sampling few 
but carefully selected, provides information rich cases. The 
sample should be large enough to be credible given the 
purpose of the evaluation but small enough to permit 
adequate depth and detail for each case in the sample” [24]. 
The range of min-max scores that can be taken from the 
MGMP test is between 0-29. The genders and MGMP test 
results of the five participants were given in Table 1. 

Table 1.  MGMP test results of the participants 

Student Yusuf Meryem Sudenaz  Ecem  Kemal 

Gender  Male   Female  Female  Female  Male  
MGMP 
Score 7points 7 points 15 

points 
25 

points 
26 

points 

2.2. Data Collection Tools 

The MGMP (Middle Grades Mathematics Project - 
Spatial Visualization Test) and MRST (Mental Rotation 
Skill Test) were used as data collection tools in the research. 
MRST was developed by using the MGMP test. The 
MGMP Spatial Visualization Test was developed by the 
instructors at Michigan State University for use in the 
project "Middle Grades Mathematics Project" and it was 
translated into Turkish [25]. This test consists of 29 
multiple choice questions and questions about cube 
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counting, 2D to 2D visualization, 2D to 3D and 3D to 2D 
visualization, mental shape decomposing, mental 
completion, and mental rotation. MRST was developed by 
changing three of the questions about mental rotation found 
in the MGMP test. The questions are open-ended questions 
about how the given shape is viewed from different angles 
by being rotated. Questions were sorted so as to be from 
easy to hard, and isometric paper was used to make it easier 

for students to draw. MRST has been presented to the view 
of experts working in this subject and necessary corrections 
have been made. The mental rotation questions in MRST 
are given in Table 2. In addition, in order to determine the 
spatial skill levels of students, semi-structured interviews 
were conducted with students on questions. Interviews 
were recorded with a voice recorder and transcribed on a 
computer. 

Table 2.  Mental Rotation Skill Test (MRST) 

 Figure Question 

1 

 

Besides, the front right side view of a shape was given. How is the left rear 
side view of this shape? 

2 

 

Draw the front left side view of the shape whose front right side view is 
given beside. 

3 

 

Draw a view of the shape, whose image is given beside, from any different 
angle by rotating it. 

2.3. Applications 

 

Figure 1.  A sample shape made in application 
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Figure 2.  Another view of the sample shape 

The research was carried out in three stages. In the first 
stage, the students in all eleven age group were applied the 
MGMP test to measure their spatial skill levels and 
according to the results of the test, five of them were 
selected as the participants of qualitative part. In the second 
stage, MRST is primarily applied to participants as a 
pretest and interviews were performed on questions. Then 
participants were trained on mental rotation with Google 
SketchUp, a three-dimensional design (Computer-aided 
design, CAD) program. Google SketchUp is a program that 
allows students to create three-dimensional structures with 
unit cubes and also allows the shape formed to be viewed 
from each direction 3600. At this stage, the program was 
introduced to the students, the menu, shortcut keys and 
how to draw were shown, and sample applications were 
made. The questions on mental rotation were then made by 
the students. A content including examples and questions 
about mental rotation subject was prepared to work with 
students before the applications. The students worked 
individually on the computer and they constituted all the 
questions themselves with the unit cubes. Later on, views 
of each figure from different sides were worked on, and it 
is provided that they comprehended views of the same 
shape from different angles and created them in their minds. 
In Figure 1 and Figure 2, examples from the study made 
with the Google SketchUp program were presented. As a 
third step in the study after the applications, MRST was 
again applied to the students as posttest and interviews 
were conducted on questions. 

2.4. Data Analysis 

The responses of the participants to the MRST were 
evaluated according to SOLO taxonomy (Structure of the 
Observed Learning Outcome-SOLO). SOLO taxonomy 
can be used to define intended learning outcomes, 

instructional ways that support them, and forms of 
assessment that evaluate to what extent the outcomes were 
achieved [26]. SOLO is applicable to a fairly wide range of 
items or situations requiring many different kinds of skills 
for different levels of students [27]. Therefore, SOLO 
taxonomy provides a qualitative way to classify cognitive 
processes [26]. SOLO is based on Piagetian descriptions of 
cognitive development and the levels were discernible in 
the Piagetian modes (sensory-motor, intuitive, concrete 
symbolic and formal); they almost correspond to Piaget's 
cognitive developmental stages [28, 29]. With this 
taxonomy it is possible to describe the level of thinking 
about the knowledge and skills that individuals require 
from a written or verbal answer about a particular task. 
Therefore, this taxonomy provides a powerful tool for 
assessing students' understandings and problem solving in 
relation to concepts [30]. SOLO taxonomy describes a 
hierarchy where each partial construction becomes the 
foundation on which learning is built [31]. It reveals the 
structural complexity of students’ knowledge [26]. Every 
next level which learning is further enhanced and extended 
and it was discovered by observing the developmental 
pattern of student responses in relation to a wide variety of 
school subjects [29]. It is particularly applicable to the 
measurement and categorisation of different levels of 
conceptual understanding and open-ended tasks [32-34]. 
SOLO taxonomy has been used to classify students’ 
responses to computer programming problems [35-38]. 
SOLO was also been applied to many different subjects 
like mathematics [39], language studies [40], biology [41].  

SOLO includes five levels: prestructural (no 
understanding), unistructural (understanding of one 
element), multistructural (understanding of a number of 
elements but not the pattern of relationships between them), 
relational (understanding of the links between the 
elements), extended abstract (the ability to relate the 
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concept to contexts and other concepts) [27]. These levels 
represent students’ movement from the concrete to the 
abstract and from surface to conceptual understanding [26]. 

Consistency, associations, and multidimensional thinking 
increase as they move towards higher levels [42]. The 
characteristics of the levels as in the Table 3 [27, 28, 43].  

Table 3.  The descriptions of the  SOLO taxonomy levels 

SOLO description Some typical verbs for 
each level Consistency and closure 

Prestructural  Misses point 

No felt need for consistency. At this level, the answer of the students is insufficient / 
can be denial, tautology, transduction, bound to species. The unrelated aspects of the 
situation on which the student is working often distract the student and mislead him. 
What they do belongs to a lower rank. 

Unistructural Identify, do simple 
procedure  

No felt need for consistency. At this level the student focuses on the probing / 
concept and can “generalize” in terms of one aspect / jumps to conclusions on one 
aspect. However, it only uses a single direction / data associated with it. There is no 
question of understanding the relationship of this part to its location and other 
aspects within it. So the answer can be very inconsistent. 

Multistructural  
Enumerate describe 
list combine do 
algorithms  

At this level, the student uses multiple directions / verbs related to the relationship 
without knowing the relationship between them and can “generalize” only in terms 
of a few limited and independent aspects / come to different conclusions with same 
data. So some inconsistencies can be seen. 

Relational 
Compare/contrast, 
explain causes, 
analyse, relate, apply  

No inconsistency within the given system. At this level, the student understands all 
aspects related to the envelope, their place in the whole, and their relationship to each 
other. It shows a consistent structure as a whole. The student can generalize within 
given or experienced context using related aspects/ use induction. 
 

Extended abstract Theorize, generalize, 
hypothesize, reflect. 

Inconsistencies resolved. At this level, the student can use deduction and induction / 
generalize to situations not experienced /walk beyond reasoning or reach 
generalizations. This level can represent a new way of thinking. He/she is qualified 
to allow logically possible alternatives. 

The most obvious difference between unistructural and multistructural is that the student responses contain more than 
one related data. In multistructural level, students can follow step-by-step algorithms and follow routine procedures. The 
ability of the learner to respond in the multistructural also requires some organizational skills that require the 
identification and ranking of relevant data. The transition from unistructural to multistructural requires not only the 
definition of information but also the development of the ability to look at this information from a broader perspective. In 
relational, the student should be able to integrate the elements he defines in the multistructural into a coherent system [28]. 
Evaluation criteria based on the SOLO taxonomy have been developed to evaluate the answers of students for MRST in 
order to determine their mental rotation levels in the study and were presented in Table 4. 

Table 4.  The evaluation criteria for MRST 

Prestructural (P) Inability to rotate the given three-dimensional structure mentally / insufficient drawing / inability to engage in the task 
required by the current universe 

Unistructural (U) 
Focusing on the problem, but using only a single direction/inability to create a relationship among the directions that 
belong to the same structure / inability to understand the relationship of a piece with its place within the whole and its 

other directions /inconsistent answer /the visualized  structure cannot be drawn on paper 
Multistructural 

(M) 
Using more than one direction related to the answer without comprehending relationships among them / ability to 

visualize multiple rotated states of 2D and 3D structures /ability to form the structure in the given directions 

Relational (R) Understanding all directions related to the answer, their place in the whole, and their interrelationships /exhibiting a 
consistent structure as a whole/ability to make a completely correct drawing 

Extended abstract 
(E) deduction and induction, generalizing the ideas, representing a new way of thinking about the drawings 

In the study, the mental rotation levels of the students before and after the training with Google SketchUp were 
evaluated according to the evaluation criteria in Table 4 and then the two cases were compared. 

Table 5.  MGMP test results of the participants 

 N Mean SD Median Skewness Kurtosis 

Spatial skill points 

Female 85 13,96 4,60 13,00 ,095 -,919 

Male 85 15,98 5,05 16,00 ,073 -,596 

Total 170 14,97 4,92 15,00 ,132 -,663 
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3. Results 

3.1. The Spatial Skill Levels of Eleven Year Old 
Students 

As seen in the Table 5, the mean of female students is 
13,96 and standart deviation is 4,92. The mean of male 
students 15,98 and standart deviation is 5,05. It is seen that 
the mean score of male students is higher than girls. 
Another result is that the mean of students’ spatial skills is 
14,97 and standart deviation is 4,92. The max. – min. point 
interval of the MGMP test is 0-29 point. It is seen that the 
score of 14,97 is at middle level. Therefore, it can be said 
that eleven-year-old students have middle levels of spatial 
skills. 

3.2. Mental Rotation Levels of Students Prior to the 
Training with Google SketchUp 

From the students with low MGMP scores, Meryem 
could not answer any question in the pretest MRST 
application. She tried to make a three-dimensional drawing 
on her paper to answer the first question, but she could not 
draw it. Meryem, who was also unable to answer other 
questions, explained this situation as "I cannot imagine at 
all, my teacher". In this case, it can be said that the answers 
given by Meryem to the questions one, two and three 
before training are at the level of P.   

Yusuf tried to answer the first question in the pretest, but 
he could not rotate it mentally or transfer it as 
three-dimensional on paper. He could not also answer the 
other questions at all and stated that he could not visualize 
in his mind. In this case, it can be said that Yusuf is at the P 
level for all questions. 

 

Figure 3.  Sudenaz's answer to the third question in the pretest 

Sudenaz answered the three questions in the pretest by 
drawing as two-dimensional, and it was seen that she could 
correctly rotate only the first question mentally, but could 
not draw correctly. In this case, it can be said that Sudenaz 
is at the level of U because she can correctly rotate 
mentally for the first question but cannot correctly draw it 
on the paper. Sudenaz could not rotate and draw the other 
questions correctly either. "How can I draw from there to 
here as such? Looking from here, when I hold it like that, 
how does it look? When I look in between, I cannot do. I 
could do it if it is said from one side, that is, either from the 
left or from the right, but I cannot do it when it is said such 
as rear left, front right. That makes it difficult for me to 

draw," she said. In this case, Sudenaz's answers to the 
second and third questions appear to be in the P level. 
Figure 3 shows the answer of Sudenaz to the third question 
in the pretest. 

When Ecem's answers to the pretest were examined, it 
was seen that she made wrong drawings in all three 
questions. She has correctly rotated the shapes mentally, 
but she made mistakes in her drawings. Figure 4 shows an 
answer given by Ecem in the pretest. 

 

Figure 4.  The answer given by Ecem to the second question in the 
pretest 

As seen in Figure 4, Ecem missed a cube behind in her 
drawing and also showed the edges of the cubes that should 
not be visible in her drawing. Making similar mistakes in 
all three questions showed that Ecem was able to mentally 
rotate shapes correctly, but could not draw correctly. She 
also explained this in the interviews. In this case, it is 
possible to say that all answers of Ecem are at the level of 
U. 

Kemal mentally rotated the first and second questions 
given in the pretest correctly and drew as 
three-dimensional on paper. For this reason, Kemal's 
answers to the questions are at the level of M. However, 
Kemal could not answer the third question completely. 
Figure 5 shows Kemal's answer to the third question in the 
pretest.  

 

Figure 5.  Kemal's answer to the third question in the pretest 

As seen in Figure 5, Kemal could not complete the shape. 
It is seen that he cannot fully imagine and draw in his mind 
the rotation of the third shape which is a little more difficult 
than the others. In this case, Kemal's answer to the third 
question is at the U level.  
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3.3. Mental Rotation Levels of Students after Training 
with Google SketchUp 

After the training with Google SketchUp, it was seen 
that Meryem tried to draw three-dimensional drawings, but 
she could not correctly draw cubes on isometric paper. 
When asked why she could not draw, she said, "We have 
never used it before". Interviews and her drawings showed 
that she could mentally rotate shapes given in the first and 
second questions and look from any angle desired. Along 
with the shortcomings in her drawings, it was seen that she 
could correctly rotate objects in her mind. Meryem's 
answer to the first question is in Figure 6. 

 

Figure 6.  The Meryem's answer to the first question in the posttest 

As seen in Figure 6, it is understood that Meryem rotates 
the shapes in her mind, but has a difficulty in drawing in 
three dimensions. It is seen that, when she could not draw 
the cube in front, she has transferred it to the paper in two 
dimensions. Meryem also answered the second question 
correctly with shortcomings. But she could draw the third 
question, which is more difficult, up to the half. In the third 
question, she could draw the single and two cubes in order, 
but could not draw the cube that did not appear in the back 
corner, and then she could not continue, leaving the 
drawing here. When asked why she did not continue, she 
said, "I cannot figure out exactly how the cube in that 
corner will look like, I cannot continue as I cannot draw it, 
the shape at that corner is very difficult." In this case, it is 
possible to characterize the answers Meryem gave to all 
three questions after the training are at the U level. Because 
the student said that she was able to visualize the rotated 
states of the three-dimensional structures given in 
questions in her mind, but she had trouble while 
transferring on paper. And she expressed this by saying "It 
made it easier for me to understand, but it's hard for me to 
draw. I forget it again while drawing. Maybe I could draw 
on plain paper more easily." However, when plain paper 
was given, she could not draw also on this paper.  

Yusuf still could not make his drawings in three 
dimensions in posttest, he carried out them in two 
dimensions. Since he made the drawings in two dimensions, 
he could not also reflect view angles such as left-rear or 
front-left which are exactly required in the question on the 
paper. About the three-dimensional drawing, he replied as 
"My hand is not accustomed to this, I cannot do." In the 
Google SketchUp program, it was seen that he confused 

directions when he rotated objects, that he could not rotate 
in the desired direction, and that, turning to the first 
drawing every time, he repeatedly tried to rotate the shape 
in the desired direction and determined the right direction 
at the end.  

Researcher: Now turn this shape to the right-front as in 
the question. 

Yusuf: Let us turn it in that way. This is its view from 
right-front side. 

Researcher: Is that all right? 
Yusuf: It did not. Let me try again. Let us turn to the 

front again. I will turn to that side, I think to the left. 
Researcher: What direction do you turn to? How are the 

directions of the shape? Would you show its front, its right? 
Yusuf: I think here is the front, here is the rear, and that 

is the left side. And here is the right. I'm going to turn that 
side for the left.  

In addition, Yusuf doubted about the unseen parts 
behind the shapes when drawing. This has shown that 
Yusuf could not imagine the unseen parts of the shapes in 
his mind. For example, in a question, the conversation 
between Yusuf and the researcher is as follows; 

Yusuf: Let's take a cube now. Let's get the second cube.  
Researcher: Where will you put it? 
Yusuf: To that place. Now let's put the third cube. Is 

there a cube on the rear at the bottom? I do not know that. 
Researcher: I do not know. Is there? 
Yusuf: I do not know either. There can be. 
Researcher: Why? 
Yusuf: It can not stand in the air. There should be a cube 

at the bottom to put the top cube. So I should put a cube 
there. 

Yusuf's answer in fact showed that he could not imagine 
the shape's rear view, but he reached the right conclusion 
by using reasoning. One of Yusuf's drawings in the posttest 
was given in Figure 7. In this case, it can be said that all the 
answers of Yusuf after the training given are at the level of 
U.  

 

Figure 7.  Yusuf's answer to the second question in the posttest 

Sudenaz was able to do all drawings with the Google 
SketchUp program in the training, and correctly 
understood the rotations of shapes in all directions (front, 
rear, right, left). She explained her thoughts about the 
program as "It makes me draw very easily. [Before the 
program] I was trying to look from the rear. I was trying to 
make a plan. I do not need to make a plan on this program. 
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I see directly, so I can draw. It's easier for me to imagine." 
In the posttest application, she was able to rotate all the 
questions correctly in her mind, and she correctly drew as 
three-dimensional on isometric paper. In this case, the level 
of Sudenaz 's answers to all three questions after the 
training can be expressed as M. Figure 8 shows an answer 
of Sudenaz in the posttest. 

 

Figure 8.  Sudenaz's answer to the third question in the posttest 

When Ecem's answers to the posttest were examined, it 
was found that she did her drawings completely and 
accurately after Google SketchUp training. Figure 9 shows 
the answer of Ecem to the second question in the posttest. 

 

Figure 9.  Ecem's answer to the second question in the posttest 

As seen in Figure 9, Ecem rotated the shape, whose front 
left view was given in the second question, to the front left 
and drew on the paper. Also in other questions, she could 
correctly rotate the shapes in her mind in the desired 
directions and transferred them on paper in three 
dimensions. It can be said that all of Ecem's answers in the 
posttest are at the level of M. 

Kemal was very quick to conceive the Google SketchUp 
program, and he was able to do all the examples correctly. 
Kemal drew the first and second answers completely; 
having shown that he was at the level of M. After the 
training, the fact that he could draw the view of the third 
question from two different perspectives, which is the only 
question that he could not do at the pretest, and his answers 
to the questions showed that his mental rotation level was 
M. Figure 10 shows one of the drawings Kemal did in the 
third question. 

 

Figure 10.  Kemal's answer to the third question in the posttest 

3.4. The Comparison of Students’ Spatial Skill Levels 
before and After Training with Google SketchUp 

The levels of students' responses to the questions in the 
MRST test before and after the training with Google 
SketchUp are shown in Table 6. 

Table 6.  The levels of students' responses before and after the training with Google SketchUp 

From Google 
SketchUp 
training 

Meryem Yusuf Sudenaz Ecem Kemal 
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Before P P P P P P U P P U U U M M U 

After U U U U U U M M M M M M M M M 

Table 6 shows that the mental rotation skills of all students have improved. It has been found that the students' abilities 
to imagine in three dimensions and visualize the view of an object from different directions in the mind, and accordingly 
to draw in three dimensions were improved thanks to Google SketchUp training. Sudenaz progressed more than the other 
students in this regard, and her level went up to M after the application, while it was P before the application. In addition, 
other students have also gone above the level they were on. 
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4. Discussion 
Spatial skills are important skills that daily life requires 

and also must be possessed in many professions. In 
particular, its interest in STEM professions has been 
subject to a lot of researches in recent years, and the fact 
that the achievement in numerical fields is proportional to 
the development of these skills, makes these skills 
particularly important. Therefore the development of 
spatial skills from an early age is important. In this study, 
the influence of mental rotation training provided by 
Google SketchUp on the mental rotation skills of students 
in the eleven age group was examined. At the end of the 
study, it was found that the levels of eleven year old 
students’ spatial skills are at middle level. As a result of the 
pretests applied to the students in the study, it was seen that 
the students with low spatial skills could not perform 
mental rotation and could not look at shapes from different 
angles and could not reflect the resultant shape of the 
mental rotation on the paper. It was understood that even if 
they rotated shapes mentally, they could not make 
three-dimensional drawings on isometric paper. It was also 
seen that students with high spatial skills have also 
experienced some difficulties in mental rotation and 
drawing on paper.  

After the mental rotation training performed with 
Google SketchUp, it was seen that the spatial skills of the 
students were developed. Development was achieved in the 
mental rotation levels of all students with low or high 
spatial skill scores. However, especially the mental rotation 
level of Sudenaz, whose spatial skill level was middle, 
increased to the level of M from P. This result is consistent 
with the results of the literature. In this regard, it was 
investigated the relationship between mental rotation (MR) 
and computer game-playing experience in a study [14]. 
The findings imply that computer-based instructional 
activities can be used in schools to enhance children's 
spatial abilities. The fact that computer applications have 
developed spatial skills was also found as a result of 
different studies [11, 17]. There are different findings 
especially in the studies about the influence of Google 
SketchUp on spatial visualization and mental rotation skills. 
As a result of experimental studies on this subject, there are 
also studies in which Google SketchUp developed the 
spatial skills [18, 19] or did not cause any differentiation in 
experimental group [20]. The spatial skills levels for older 
ages were also investigated in other studies. For example, 
the spatial skill levels of prospective mathematics teachers 
were found to be at M level of SOLO taxonomy 
predominantly [44]. Sudenaz had a quick conception of the 
program, and showed that she was willing to learn by 
asking a lot of questions in applications. This may be 
particularly relevant to the motivation level of Sudenaz. It 
may also be due to the interest of this student has on 
computer applications. The other two students with high 
MGMP scores, Kemal and Ecem, were found to have 

improved their mental rotation skills after the training and 
reached M, a high level. Meryem and Yusuf, who had low 
MGMP scores, could only reach U level. This result may 
be due to the fact that the students need more time to 
understand the subject. Taking longer time and doing a 
study again with these students can further improve their 
mental rotation skills.  

5. Conclusions 
Google SketchUp is a three-dimensional design program 

that is easy to use and understand. Due to the positive 
impact of this program on the development of spatial skills, 
the use of it in early mathematics education will be 
beneficial for the development of students in mathematics 
and other fields.  
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