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Abstract: The transition to online classes during the COVID-19 pandemic brought significant challenges for 

both teachers and students, particularly in graphic disciplines. Spatial visualization abilities are crucial for 

architects and engineers as they involve understanding and manipulating complex geometric shapes and 

structures, which are fundamental for problem-solving and design. An important role is played by 

Descriptive Geometry. This study compares the performance of students who completed Descriptive 

Geometry courses online versus face-to-face using tests like the Mental Rotation Test and Mental Cutting 

Test. Results indicate that students in traditional classrooms performed better, suggesting potential 

limitations of online teaching methods in teaching graphical subjects. 
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1. INTRODUCTION 

 

The ability to mentally manipulate 2D and 3D figures, 

known as spatial visualization ability, is crucial in 

technical education, particularly for future engineers and 

architects. These skills are essential for understanding and 

solving complex spatial problems encountered in various 

fields. 

Descriptive Geometry plays a significant role in 

developing students' spatial visualization abilities. As a 

foundational subject in architectural education, 

Descriptive Geometry provides students with the 

necessary tools and techniques to visualize and manipulate 

geometric shapes and structures. 

The transition to online classes due to the COVID-19 

pandemic had a significant impact on students, 

particularly those studying graphic disciplines.  

The main difficulties faced by students included 

technical challenges, lack of familiarity with new 

technologies, and inadequate digital skills. Students 

experienced emotional difficulties such as increased 

anxiety, sadness, and boredom due to the shift to home 

learning. The lack of direct interaction, sense of 

belonging, and coherent information about the virus 

contributed to negative emotional effects [1]. 

In the survey conducted by Anghel A. and Dănăilă V. 

to gather students' opinions on online education, many 

students considered online education to be worse than 

face-to-face education, and a significant percentage had 

low attendance in online classes. While students 

appreciated the quality of online materials, they struggled 

with finding themselves in the drawing phases [1]. 

Descriptive geometry relies heavily on visualizing 3D 

objects and spatial relationships. Communicating these 

concepts effectively through online platforms can be 

challenging, as students may struggle to understand 

complex spatial concepts without practical guidance and 

demonstrations. 

Graphical subjects, especially Descriptive Geometry, 

involve drawing and sketching geometric shapes and 

projections by hand. Online courses may struggle to 

provide students with the same practice and feedback they 

would receive in a physical classroom, making it harder 

for them to develop their drawing skills. 

Although there are software tools available for 

teaching graphics subjects online, students may face 

challenges in learning and using new software platforms, 

given that they are studying these subjects in the first 

semester of their first year. 

During the COVID-19 pandemic, when traditional in-

person teaching methods were not feasible due to safety 

concerns and social distancing measures, the Technical 

University of Cluj-Napoca used the Microsoft Teams 

platform as an alternative method for delivering 

educational content to students. Microsoft Teams 

provided a virtual environment where instructors could 

conduct live lectures, share resources, facilitate 

discussions, and engage with students remotely. This 

platform offered features such as video conferencing, file 

sharing, chat, and collaboration tools, allowing for 

effective communication and interaction between teachers 

and students despite physical separation. By leveraging 

technology like Microsoft Teams, the technical university 

was able to adapt to the challenges posed by the pandemic 

and continue delivering quality education to its students in 

a remote learning environment. 

In a previous paper, a study focused on assessing the 

spatial visualization abilities of students from the Faculty 

of Architecture and Urban Planning using the Mental 

Rotation Test (MRT) and Mental Cutting Test (MCT) was 

presented. These tests were conducted at different points 

in time: in the first week of school and then at the end of 

the first semester following the Descriptive Geometry 

course. Both tests were administered on paper format [2]. 

In this paper, the students of the Faculty of 

Architecture from Cluj-Napoca participated in a study 
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involving the two tests: MCT and MRT which were 

administered at the end of the first semester of their first 

academic year. Importantly, these tests were conducted 

after the students had completed their Descriptive 

Geometry course, which was taught entirely online. The 

aim of this study was to assess the impact of the online 

Descriptive Geometry course on the spatial visualization 

abilities of the students who have studied online and to 

make a comparison between the current results and those 

of the previous study where students had completed the 

Descriptive Geometry course onsite. This paper provides 

insights into the role of online education in developing 

critical skills for students in the field of architecture and 

engineering. The Microsoft Forms platform was used to 

distribute the tests to the students.  The Mental Rotation 

Test was administered to 78 students, (58 females and 20 

males) and Mental Cutting Test was administered to 74 

students, (54 females and 20 males), in June 2021. 

The adoption of web-based technologies for assessing 

students' spatial sight capability offers some benefits, 

including efficiency in data collection, adaptability in 

teaching approaches, utilization of modern assessment 

techniques and enhanced speed in result interpretation. By 

leveraging these technologies, educators can optimize 

teaching activities and support students' learning 

effectively in graphical subjects [3].  

 

2. MENTAL ROTATION TEST 

 

The Mental Rotation Test, which was used in many 

other studies, consists of 20 questions, each one 

containing a criterion 3D figure. Students were required to 

identify the two correct rotating forms of the figure from 

a selection of four possibilities, as shown in Figure 1. 

Students must mentally manipulate the objects to visualize 

how they would appear if rotated in space [4],[5]. 

 

 
 

Figure 1 Example of MRT problem 

Scoring in the MRT can vary depending on the specific 

scoring system used [6]. In this case, as in the previous 

study, the students were granted (awarded) with one point 

for accurately choosing both answers and zero points for 

choosing a single correct answer or none. 

Figure 2 shows graphically the results obtained by the 

78 participants to the test. Out of the 78 participants, only 

8 scored the maximum of 20 points (6 females and 2 

males) 

The chart in Figure 3 represents a comparison between 

the online and onsite teaching method according to the 

percentage of correctly solved problems. 

One can observe that after studying online, only 

10.26% of the participants were able to achieve the 

maximum score possible on the Mental Rotation Test. 

This indicates that a relatively low proportion of online 

students demonstrated exceptional proficiency in mental 

rotation skills. 

In contrast, when students learned face-to-face (in a 

traditional classroom setting), a higher percentage, 

specifically 35%, were able to obtain the maximum score 

on the same test. This suggests that a larger proportion of 

students who participated in on site classes exhibited 

strong spatial reasoning abilities and were successful in 

mentally rotating objects to match the given criteria.  

 

3. MENTAL CUTTING TEST 

 

Originally designed as an admission exam at a New 

York University, The Mental Cutting Test serves as an 

additional assessment tool to evaluate spatial ability. It 

comprises 26 problems, each presenting a 3D figure which 

is intersected with a plane in various positions. 

For each problem in the MCT, students are presented 

with multiple cross-section options, typically five in total. 

From these options, students must select the correct cross-

section that corresponds to the intersection of the given 

figure with the plane. Only one of the options provided is 

correct for each item. 

Participants had 26 minutes to complete the MCT, 

allowing approximately one minute for each problem. 

During this time, students must carefully analyze each 

figure and corresponding cross-section options to make 

accurate selections. 

 
Figure 2 Detailed results of the Mental Rotation Test from 2021 
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Figure 3 Comparison results of the Mental Rotation Test 
 

Similar to the Mental Rotation Test, the MCT 

evaluates spatial visualization skills but focuses 

specifically on the ability to mentally dissect and interpret 

complex geometric figures. By evaluating the students' 

skills in identifying correct cross-sections, the MCT 

provides insight into their spatial understanding and 

problem-solving abilities in a three-dimensional context. 

The Mental Cutting Test presents students with two 

distinct categories of problems: "pattern recognition 

problems" - figure 4 and "dimension specification 

problems" -figure 5 [7]. In pattern recognition problems, 

students are tasked with identifying the correct form of the 

cross-section from a set of given alternatives. This 

requires them to visually match the shape of the cross-

section with one of the provided options [8]. On the other 

hand, dimension specification problems add an additional 

layer of complexity. In addition to identifying the correct 

shape of the cross-section, students must also consider 

specific dimensions associated with the figure. This may 

include parameters such as the correct length of an edge 

or the angle between two edges. Therefore, choosing the 

correct answer in dimension specification problems is 

contingent not only on recognizing the shape but also on 

accurately determining its dimensional properties. 

Figure 6 shows graphically the results obtained by the 

74 participants to the MCT. In this case, only one 

participant managed to answer all 25 questions correctly 

on the test. 

 
                           

Figure 4 Example of „pattern recognition problem” 

 

 
                          

Figure 5 Example of „dimension specification problem” 

 

The chart in Figure 7 shows a comparison between the 

results obtained by students that studied online and the 

students that studied face to face, according to the 

percentage of correctly solved problems. Only 17 

participants, constituting  22.97% of the total students who 

studied online, provided more than 20 correct answers out 

of 25. Among students who attended face-to-face classes, 

25 individuals, representing 31.25% of all participants, 

answered more than 20 questions correctly. 

Upon analyzing the statistical results, a pattern was 

observed regarding the wrong answers among students. 

Specifically, attention was drawn to a particular problem 

illustrated in Figures 8 and 9, which exhibited a high 

incidence of incorrect answers, in both cases (online and 

on site). 

The data presented in the chart from Figure 10 

indicates that among students who pursued online 

learning, only 32.43% provided the correct answer, 

specifically option C. Students who engaged in face-to-

face learning also had a small percentage of correct 

responses to this problem, meaning 41.25%. 

 

 

4. CONCLUSIONS 

 

Descriptive Geometry, a fundamental subject in the 

education of future architects, plays an essential role in 

developing the spatial visualization skills of students. 

Traditionally taught through practical demonstrations and 

classroom interactions, the subject faced challenges when 

transitioning to online platforms during the COVID-19 

pandemic. 

 
Figure 6 Detailed results of the Mental Cutting Test  
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Figure 7 Comparison results of the Mental Cutting Test  

 

 
                         A               B              C             D             E 

Figure 8 Example of MCT problem” 

              
Figure 9 Solution of MCT problem 

 

 
Figure 10 Distribution of answers in percentage for the 

problem in Figure 8 (the correct answer is C) 

 

To assess the impact of online learning on students’ 

spatial abilities, the study compared the performance of 

students who completed Descriptive Geometry courses 

online versus those in traditional face-to-face settings 

using the Mental Rotation Test and the Mental Cutting 

Test. Results indicate that students in traditional 

classrooms performed better in both tests, suggesting 

potential limitations of online teaching methods in the 

case of graphical subjects. 

But, as the research conducted by Green et al. shows, 

test results can also differ based on their mode of 

administration. For example, tests can be conducted 

online, where participants access and complete the test 

through a digital platform, or they can be administered in 

a traditional paper format, where participants use physical 

paper to answer questions. The choice of administration 

method can impact various aspects of the testing process, 

including the environment in which participants take the 

test, the tools available to them, and even their level of 

comfort and familiarity with the format. These factors can, 

in turn, influence the participants' performance and the 

results they achieve on the test. Some participants can 

perform better in an online testing environment, while 

others may prefer the traditional paper format. Thus, the 

mode of test administration can be a factor to consider 

when interpreting test results, as it can contribute to 

variations in performance among participants. 
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