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Introduction 
 

Spatial ability is something that cannot be taught but it should rather be trained, and that training 

is the only way for its development and improvement. Spatial ability can be developed using various 

teaching tools and methodologies: using traditional graphic courses (sketching activities, orthographic 

projection, isometric drawing); the use of handheld mechanical dissection manipulative by students 

during lectures and exercises leads to increased results on the mental rotation test (MRT); gaining and 

reinforcing expertise in the field of three-dimensional CAD-modelling gives an improved result on tests of 

spatial reasoning skills; the introduction of augmented reality (AR) technologies in the education process 

for the creation of attractive teaching contents and development of spatial skills. 

Currently, there is a tendency to a progressive reduction of teaching hours devoted to subjects 

related to engineering graphics. This, in turn, leads to a reduction in the theoretical and practical content 

of the training material. This situation creates problems in the development of spatial skills of students. 

Students devote much time to the independent study of the study materials; they lose interest in studying 

the subject. In this regard, there is a need of creating tools and methodologies for improving the spatial 

abilities of students and increasing motivation to study. 

Needs Analysis 
 

The aim of the project "Contemporary Approach to the Development of Spatial Comprehension 

through Augmented Reality Content" to develop the didactic toolkit which includes set of practical 

exercises with 3D objects prepared for the use into AR environment. The duration of this project is thirty 

months, the start of the project is November 2019. 

At the stage of developing the content of educational materials, the Needs Analysis Study was 

conducted. Needs analysis is the base on which content of teaching materials and methodological 

methods are constructed. This gives way to enhancing the students’ motivation to study and achievement 

as a result. Needs analysis is the systematic data collection and examining of all subjective and objective 

information required to describe and validate project goal that supports the learning needs of students 

within the context of the institutions that affect the learning and teaching situation. 

The purpose of this survey was to study the methodology of teaching graphical subjects in the 

countries of the project partners, the difficulties encountered in learning graphical subjects, the degree 

of inspiration and engagement of students in learning activities, students’ knowledge level, the labor 

market requirements for graduates of vocational schools and higher educational institutions. 

More specifically: 

kind of representations of teaching materials used by the instructor of the graphical subject; 

kind of devices used by students for education purposes on lessons; 

students' interest in the subject during using various methods of representations of education 

materials; 
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kind of teaching approach easier and more understandable for students; 

students’ difficulties encountered in constructing orthographical views, axonometric projections, 

3D objects from flat of paper; 

students' time spent on graphical tasks performing; 

the degree of satisfaction of employers with the qualifications of company engineers; 

the degree of satisfaction of employers with the qualifications of graduates of education 

institutions; 

importance of spatial abilities for engineers to get a job in the relevant company; 

kind visualization of projects using in companies. 

Methodology 
 

The study involved partners from five countries participating in the project. The survey was 

conducted from 15/12/2019 to 15/02/2020 in Latvia, Lithuania, Spain, Germany and Poland. The 

following partners participated in the Needs Analysis: 

• Vilnius Builders Training Centre (Lithuania); 

• Riga Technical university (Latvia); 

• Warsaw Technical university (Poland); 

• Polytechnic university of Valencia (Spain); 

• Siauliai vocational education and training centre (Lithuania); 

• SneakyBox Information technology company (Lithuania); 

• Jugendförderverein Parchim/Lübz e.V. (Germany); 

• DECROLY Vocational Education and Training college (Spain) 

The survey was carried out using survey administration application Google Forms. In this study, 

questionnaires with closed-ended questions were used to analyse needs. The adapted questionnaire 

included questions with multiple options so that respondents can choose the answers true for them. 

Questionnaires were distributed via e-mail to the project partner teams. Next, the members of each team 

themselves chose the method of distributing the questionnaires among the target groups of the 

respective country choosing the best method to gain the optimum number of responses. 

Three questionnaires for different target groups were prepared in English: 

1. for vocational school, secondary school, college and university students (Appendix 1); 

2. for vocational, secondary schoolteachers, college and higher education institutions 

lecturers, scientists in the field of Technical Graphics, Descriptive Geometry, Engineering 

Computer Graphics, Civil Engineering, Mechanical Engineering (Appendix 2); 

3. for employers, labour market representatives (Appendix 3). 

Based on design of descriptive research, this study involves the data analysis of descriptive statistics. 

Data collected by Google Forms were processed taking into account the respondent’s education 
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institutions (students’ and educators’ questionnaires), with relation to the company profile (employers’ 

questionnaires), as well as a comparative analysis was made for similar questions presented in the 

questionnaires for educators and students. The percentage distribution of answers to the questions posed 

in the target groups was presented in the form of diagrams and tables. 

620 students of vocational schools, secondary schools, colleges, higher schools and universities 

participated in the survey. The study also included 195 educators of schools, colleges and higher education 

institutions and 120 employers.  

The target group of Latvian students was 224 people, the Spanish group was 214 people, 113 

students participated from Poland, a group of Lithuanian students was 50 people and 19 students from 

Germany completed the questionnaires. 75,8% of the participants of this target group were male, while 

24,2% of them were female. The distribution of survey participants by country in the teacher group was 

as follows: 86 participants from Spain, 42 from Poland, 26 from Lithuania, 25 from Latvia, 16 from 

Germany. Of all the educators surveyed, 55.9% were male and 44.1% were female. The largest number of 

questionnaires completed by employers was received from Poland - 53 forms, from Spain 47 forms were 

received, from Latvia - 9, from Germany - 7 and 4 questionnaires were received from Lithuania. In the 

group of employers were 77.5% of male and 22.5% of female. 

Data Analysis and Results 

Students 
 

620 students participated in the survey, among which 224 were from Latvia, 214 – from Spain, 113 – from 

Poland, 50 – from Lithuania, and 19 – from Germany. Approximately three quarters of the respondents 

were male, and one quarter were female (Fig. 1). 

 

 

The distribution by educational institution was not even. Most of the respondents, i.e. 61.5%, were 

university students (Fig.2). 

For the further analysis the responses that did not contain answers to all the questions or contained 

(irrelevant) answers that did not correspond to the questions were excluded from consideration. 

Figure 1. 



                                                                                 
_____________________________________________________________________________________ 

6 

    SPACAR No. 2019-1-LT01-KA202-060471   This project has been funded with support from the European Commission. 

This publication reflects the views only of the author, and the Commission cannot be held responsible for any use which may 
be made of the information contained therein. 

 

 

 

The responses were grouped by educational institution where the respondents study – 

‘University’, ‘Higher School’, ‘Vocational School’, ‘College’ and ‘Secondary School’. Those responses which 

were marked as ‘Other’ were classified to one of aforementioned groups which, in our opinion, was the 

most relevant. 

The percentage distribution of the responses to Questions 4, 6 – 17 of the survey is shown in Table 1 

 

Q. 
Nr. 

Questions: 
University Higher School 

Vocational 
School 

College 
Secondary 

School 

Yes No Yes No Yes No Yes No Yes No 

4 I had a graphical subject at the secondary school: 57% 43% 57% 43% 66% 34% 70% 30% 57% 43% 

6 I get bored, when I use traditional learning materials 
(blackboard lecture, textbooks, etc.): 

55% 45% 57% 43% 70% 30% 52% 48% 81% 19% 

7 The use of the traditional learning materials (blackboard 
lecture, textbooks, etc.) improved my interest in this 
course: 

36% 64% 26% 74% 46% 54% 30% 70% 36% 64% 

8 I learn better, when instructor uses 3D representation or 
visualization technique to teach: 

92% 8% 77% 23% 81% 19% 70% 30% 76% 24% 

9 I prefer lessons using visualization techniques to the 
traditional lectures: 

88% 12% 83% 17% 79% 21% 78% 22% 84% 16% 

10 I find the lessons using visualization techniques easy and 
understandable: 

92% 8% 94% 6% 89% 11% 87% 13% 90% 10% 

11 I find the traditional presentation approach format easy 
and understandable: 

61% 39% 63% 37% 60% 40% 61% 39% 43% 57% 

12 I am more motivated to learn new things, when using the 
3D representation or visualization techniques: 

86% 14% 86% 14% 89% 11% 65% 35% 82% 18% 

13 The graphical tasks preparation is more enjoyable, when 
3D representation or visualization techniques are used: 

92% 8% 86% 14% 85% 15% 70% 30% 81% 19% 

14 I can easily understand the geometrical shape of an object 
using 2D drawing: 

64% 36% 80% 20% 71% 29% 83% 17% 70% 30% 

15 I often have difficulties performing a graphical task – 
constructing the missing orthographic view knowing two 
orthographic views of a model: 

42% 58% 37% 63% 51% 49% 43% 57% 71% 29% 

16 I have difficulties constructing 3D objects from a flat piece 
of paper (origami folding, making Christmas tree 
decoration out of paper, cardboard, etc.): 

38% 62% 26% 74% 46% 54% 17% 83% 66% 34% 

17 Apart from classroom, I have to study subject materials 
independently: 

69% 31% 57% 43% 52% 48% 61% 39% 59% 41% 

 

3.7% 

6% 
 

3.2% 

Figure 2. 

Table 1. 
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The results show that most of the students have to study independently, apart from classroom. 

They find the traditional presentation approach easy and understandable. More than a half of the 

students from all the educational institutions, except secondary school, can easily understand the 

geometrical shape of an object using 2D drawing and do not have difficulties performing a graphical task, 

whereas secondary school students claim that they can understand a 2D drawing but do have difficulties 

performing a task. The use of traditional learning materials did not improve students’ interest in the 

subject, regardless the educational institution where they study. Moreover, students from all the groups 

learn better and are more motivated and satisfied when 3D representation or visualization techniques are 

used. 

The chart below (Fig. 3) reflects the percentage distribution of teaching materials used in 

corresponding educational institutions. 

 

 

 

It can be concluded that PowerPoint presentations are the most popular teaching tool. On the other 

hand, AR and VR technologies are the least common. 

The following charts (Fig. 4) reveal that students generally spend no more than 4 hours per week 

on graphical task preparation using mostly computers and smartphones (Fig. 5). 
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Instructors 
 

195 instructors participated in the survey, among which 86 were from Spain, 42 – from Poland, 26 

– from Lithuania, 25 – from Latvia, and 16 – from Germany (Fig. 6). 

 

 

The distribution by educational institution where they work was not even. Most of the respondents, 

i.e. 35.9%, were university instructors (Fig. 7). 

 

 

The respondents were grouped by educational institution where the respondents work – 

‘University’, ‘Higher School’, ‘Vocational School’, ‘College’, ‘Secondary School’ and ‘Other’. 

The percentage distribution of the responses to Questions 6 – 10 of the survey is shown in Table 2. 

 

 

 

 

 

6.7% 

Figure 6. 

Figure 7. 
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Q. 
Nr. 

Question: 
University 

Higher 
School 

Vocational 
School 

College 
Secondary 

School 
Other 

Yes No Yes No Yes No Yes No Yes No Yes No 

6 

Do the traditional teaching 
methodologies (blackboard 
lecture, PP presentation) 
seem time-consuming? 

71% 29% 84% 16% 65% 35% 62% 38% 62% 38% 75% 25% 

7 
In your opinion, does your 
subject have enough 
academic hours? 

30% 70% 50% 50% 61% 39% 69% 31% 52% 48% 75% 25% 

8 

In your opinion, will the 
lessons be easy and 
understandable if you use 
visualization techniques? 

96% 4% 97% 3% 91% 9% 92% 8% 93% 7% 100% 0% 

9 

Do students have difficulties 
performing an axonometric 
drawing using two 
orthographic views? 

86% 14% 75% 25% 89% 11% 85% 15% 83% 17% 100% 0% 

10 

Do students have difficulties 
performing multiview 
drawings, including sectional 
views and sections? 

93% 7% 72% 28% 87% 13% 77% 23% 90% 10% 100% 0% 

 

The results show that most instructors claim that students have difficulties performing graphical 

tasks. The instructors suppose that lessons will be easy and understandable if visualization techniques are 

used. 

The following chart (Fig. 8) shows that roughly a half of the instructors evaluate students’ Math pre-

knowledge as basic and the other half – as average. 
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The charts below (Fig. 9) suggest that the most common tools used by instructors are PowerPoint 

presentations and Smart boards, blackboard lectures and videos respectively. The instructors also claim 

that most students use computers for educational purposes on their lessons (Fig. 10). 
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Students’ and Instructors’ Result Comparison 
 

Comparing students’ and instructors’ responses, one can conclude that they agree that the use of 

visualization techniques will make lessons easy and understandable (Fig. 11). However, students and 

instructors disagree on whether students have difficulties performing graphical tasks (Fig. 12). Slightly 

more than fifty percent of the students claim that they do not have difficulties, whereas overwhelming 

majority of instructors claim that students do have difficulties. 
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 Employers 
 

120 employers participated in the survey, among which 53 were from Poland, 47 – from Spain, 9 – 

from Latvia, 7 – from Germany, and 4 – from Lithuania (Fig. 13). 

 

The responses were grouped by their company profile – ‘Mechanical Industry’, ‘Building and 

Construction’, ‘Design’, ‘Consulting’, ‘Information Technologies’ and ‘Other’ (Fig. 14). Some of the 

responses which were marked as ‘Other’ were classified to one of aforementioned groups which, in our 

opinion, was the most relevant. Since some companies identified themselves in several fields, their 

responses were counted in more than one group. 
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The analysis shows that the average number of points which employers evaluate graduates with is 

3.4 for mechanical industry, 3.2 for building and construction, 3.2 for design, 3.4 for consulting, 3.5 for 

information technology, and 3.7 for other fields. As for engineers, employers evaluate their qualifications 

on average with 4.2 for mechanical industry, 3.9 for building and construction, 4.3 for design, 4.1 for 

consulting, 4.0 for information technologies, and 3.8 for other fields. This implies that companies evaluate 

their engineers higher than the graduates they are recruiting. 
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Most employers claim that their staff do not have difficulties with upskilling or professional 

development. However, half of the information technologies representatives state that they do have 

difficulties and the other half state that they do not (Fig. 17). 

 

 

Figure 18 shows that the vast majority of employers from all fields give employment to students. 
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Most of the respondents replied that visualization abilities are important for engineers to get a job 

in their company. The branch for which visualization abilities appear to be the more important is the 

mechanical industry (Fig. 19). 

 

 

Figure 20 reveals that the most utilized kind of visualization of projects in all the fields, except 

information technologies, is 3D CAD software models. For information technologies companies the most 

popular kind of visualization appears to be VR. 
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Discussion and Conclusion 
 

Based on the data obtained, the following conclusions can be drawn. In all countries of the project 

participants, the training method based on the application of Blackboard lectures and PowerPoint 

presentations is the most common used. This may be indicative of an insufficient number of training 

materials using augmented reality technologies. This makes it necessary to create an AR didactic toolkit. 

In addition, nearly 70% of teachers find traditional teaching methods time-consuming. The training 

material created during the project can greatly facilitate the learning process and provide an opportunity 

for the development of new teaching methods. 

Most students (more than 60%) find traditional teaching methods boring and not conducive to 

enhancing interest in learning. An even larger number of students (about 90%) prefer teaching using 

visualization techniques and 3D representation to traditional lectures and hold by an opinion that this 

teaching method makes the study material more understandable. 94% of teachers also confirm this. In 

the view of students, they study better, are more motivated to learn new subject contents and perform 

graphical tasks with great pleasure when visualization techniques in the teaching of the subject are used. 

This suggests that the introduction of the created educational material using the visualization of 3D 

objects in an augmented reality environment into the learning process will increase students' motivation 

and contribute to academic performance. 

Despite the fact that most students believe that they have no difficulties in performing graphic tasks 

such as constructing a third view of the object knowing two orthographic views, the vast majority of 

teachers (about 85%) are in the opinion that students experience difficulties in the construction of 

multiview drawing, axonometric projections and sectional views. In addition, 42.1% of students noted 

that they have difficulties constructing 3D objects from flat piece of paper. All of this may indicate a low 

level of spatial abilities of students. Spatial abilities are especially important for student’s success in some 

engineering-related subjects such as calculus, mathematics, engineering drawing and computer-aided 

design and for solving geometric problems. According to employers’ answers, specialists with a high level 

of spatial ability are in demand in the labor market. As follows from scientific research, the use of 

augmented reality technology in teaching engineering graphical subjects helps to enhance the level of 

spatial skills. All this confirms the need to develop an AR didactic toolkit in order to increase the level of 

spatial abilities of future engineers. 

Most of the employers (about 42%) evaluate the level of knowledge of recruited graduates as 3 

points out of 5.  In order to increase the level of graphic education and in general the level of engineering 

education, it is recommended to introduce AR training material into the curriculum of educational 

institutions. In the developed training material sections used in general educational institutions, as well 

as sections for vocational schools should be presented. Specialized sections include tasks for Mechanical 

Engineering and Civil Engineering specialities. The content of the tasks should include the following topics 

as the most conducive to the development of spatial comprehension: constructing a third projection of 

an object using two given projections, performing sections and sectional views, constructing pictorial 

drawing, and parametric modelling. 
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After analysing all the above data and discussions, the following suggestions were made: 

• Currently, educational institutions are not provided with an enough educational materials 

used AR technologies. 

• It is necessary to introduce into the educational process study materials using various types 

of visualization of the content of graphic tasks, including visualization of objects in an 

augmented reality environment in order to facilitate the students understanding of the 

teaching materials and motivate to study.  

• The level of spatial abilities of students is not high enough. The AR application enables faster 

comprehension of complex spatial problems and relationships and allows improve spatial 

abilities. If students try to improve their spatial skills by AR training academic performance 

rate will be greater. 

• According to employers, graduates of educational institutions have a satisfactory level of 

knowledge. To improve the level of graphic education and as part of engineering education, 

new teaching methods based on the use of modern technologies (AR technology) are 

needed. 

• AR didactic toolkit exercises content must include the following topics as the most useful 

for the improvement of spatial skills: creation of orthographic views, creation of 

axonometric views, construction sectional views and sections, parametric modelling, 3D 

model creation. 
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