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Abstract: Using multiple evaluation methods and systems give a comprehensive assessment. 

A computer-based multiple-choice assessment system was designed, implemented, posted 

online, and used to assess students as part of their final evaluation marks for a discipline. The 

online system of evaluation was intended to be used multiple times for evaluating the 

assimilation degree of a specific course at the end of the course. The data recorded for the 

period 2017–2023 with about 1400 distinct users were used to analyze the performance of the 

evaluation system. The system worked fine and a slight modification of it served well on 

remote evaluation during COVID-19 period. However, the upturn of mobile phone applications 

requires the creation of a system adapted to the new virtual reality. 

Keywords: online evaluation system; multiple choice questions; general chemistry; first-year 

undergraduate students 

1. Introduction 

The fourth industrial revolution (4IR) was determined by the emergence of new 

technologies (digital machines, artificial intelligence, robotics, big data, etc.) (Bloem 

et al., 2014) has created new challenges in the future demands of the labor market. 

Thus, new technologies have led to the emergence of needs for the creation of new 

skills, as a result of changes in tasks at work (Fallows and Steven, 2000), of new 

cognitive, non-cognitive and technical skills (Suleman, 2018), which have determined 

new challenges for engineering education. 

Technological progress and the widespread use of ICT has affected all aspects of 

our lives, and education is no exception. Educational institutions have been forced to 

change their teaching methods (Baragash and Al-Samarraie, 2018; Ching-Ter and 

Hajiyev, 2017; Ramírez-Correa et al., 2017), and traditional classrooms are no longer 

constrained to conventional teaching and learning assessment methods (Alagarsamy 

and Vijay, 2019; Alsayyari et al., 2019; Dobre, 2015). Thus, classrooms have become 

smart learning environments (Tinmaz and Lee, 2020), which allow teachers to: (a) 

share teaching resources, expertise and advice, (b) teach flexibly, and (c) access 

remotely data (Munyengabe et al., 2017). 

The importance of training and evaluating students through online environments 

was emphasized during the COVID-19 pandemic (Balkaya and Akkucuk, 2021; 

Camilleri and Camilleri, 2021) and continued later, developing in the form of learning 

management platforms (Barrot et al., 2021; Garcia et al., 2020; Joaquin et al., 2020). 

In the specialized literature, there are studies that measure the evaluation of 

student and teacher satisfaction, which focus on the level of acceptance (Balkaya and 
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Akkucuk, 2021; Garcia et al., 2020; Raza et al., 2020), on the determining factors 

(Alzahrani and Seth, 2021; Cavus, 2021), but also on the effect generated among the 

academic community (Mehrolia et al., 2021). 

If in the past assessment tools for teacher-student interaction (TSI) were 

characterized by: (1) a relatively single dimension and (2) the purpose paid less 

attention to the actual development of higher order thinking, today assessment tools 

are extremely complex and diverse (Mehrolia et al., 2021; Nguyen, 2021). This 

reflects the characteristics of higher-order interaction goals, multidimensional 

interaction content, diversified interaction methods, and rich and intelligent interaction 

environments (Nguyen et al., 2021). 

Multiple-choice scoring systems are widely used for tests (Nașcu and Jäntschi, 

2004a, 2004b; Nicol, 2007) and allow the use of statistics to obtain precise confidence 

intervals (Jäntschi, 2022). However, these multiple-choice systems are considered to 

be flawed by the possibility of guessing (Holmes, 2002). On the other hand, multiple-

choice assessment systems are more difficult to construct (Jäntschi et al., 2007), 

maintain a high degree of inclusiveness (Loftis, 2019) and are more reliable, leading 

to less guesswork on the answer (Burton, 2001). Starting from the two considerations, 

there are authors who support hybrid assessment systems, most often used for broad 

subjects (Labrak et al., 2022). It should be noted that multiple choice assessment 

systems are not always the best choice (Chang and Akahorim, 1999) and online 

systems have some disadvantages compared to traditional paper tests (Bayazit and 

Askar, 2012). 

In specialized literature, it is found that there are differences between the 

educational fields that cause the evaluation systems to encounter certain difficulties. 

Thus, in painting we need visual representations (Anglin et al., 2004), in music audio 

representations (Dannenberg and Hu, 2003), in mathematics equations and formulas 

(Matteson, 2006), in physics laws and principles (Hestenes, 1987) and in chemistry of 

equations (of chemical reactions), formulas (molecular, structural and geometric 

chemistry), pictorial representations (chemical processes and technologies, operating 

principles for methods), information structured in different ways (Jäntschi, 2013). 

This study aims to create an evaluation system focused on making connections 

between information and measuring the degree to which it has been put into practice, 

rather than the degree of assimilation of information. Thus, for the multiple-choice 

assessment system, questions were designed to allow associations between 

information. 

In addition, this research aims to discern the impacts and contributions of an 

online assessment system that requires the existence of an accessible database for 

storing information associated with the assessed content, a support system for database 

management and user interface, a computer system and classification based on 

recorded responses. The results of previous researches have shown that similar 

assessment systems are a valid and reliable solution in assessing students’ knowledge 

(Jäntschi and Bolboacă, 2006; Omari, 2013 and Jiang et al., 2022), and the online 

version, because of its substructure dependent on web technologies, it can be accessed 

and applied from any place and offers advantages for improving the teaching-learning 

process (Hashemi Hosseinabad et al., 2021; Nguyen et al., 2021; Tasdemır et al., 

2015). 



Journal of Infrastructure, Policy and Development 2024, 8(11), 8839.  

3 

This work aimed to research the online evaluation system of Multiple-choice 

evaluation systems (MCMA), starting from the design, implementation and evaluation 

of the obtained results. As the COVID-19 pandemic has imposed lockdown 

restrictions, they have led to significant changes in the way knowledge is transmitted. 

To observe the differences between the previous and the following period, two time 

periods were selected for comparison: from 2017 to 2019 and from 2022 to 2023. 

Considering the effects generated by the COVID-19 pandemic, the system was 

adapted for exclusive use online, being used as such for two years (2020 and 2021), 

and its modifications are provided in this study. 

To support the argument that there is a visible difference in the presently 

developed software, we can say that it has a flexible and dynamic use, being able to 

face security problems but also some unexpected technical problems (regarding the 

power supply). Thus, when there is a power outage, the questions answered by the 

students are saved in the database and when the system is working again, they can 

resume the exam. 

2. Materials and methods 

The study was carried out by researching the results of the evaluation of 

engineering students, from the first year of the bachelor’s degree, for the discipline of 

general chemistry. This discipline is not one of the basic areas of their specialization, 

and the summary is provided in Appendix A.2. This course, in general chemistry 

(Jäntschi, 2013), is intended for students who study in Romanian, English and 

German, and the evaluation system designed is a flexible one to be accessible to 

understanding. The content of the tests intended for evaluation allows the entire 

thematic area of chemistry to be covered, without using or accessing complex notions 

of chemistry, specific to specialized training. 

The evaluation of the knowledge gained through the laboratory work was 

designed through two separate evaluations (Jäntschi, 2023). 

2.1. Database structure 

In order to obtain the online testing, a model was designed to include the common 

initial data, and then a database was created for each subject that takes the information 

in 3 files (a database, three tables for general chemistry). 

The storage database topology for online assessment includes tables for keeping 

records on: User (identified by Id, Name, Pass, Date) where password Pass is stored 

encrypted with MD5 (32 characters)), Test (identified by Id, Qroenge, Rro, Ren, Rge, 

Aroenge) where Qroenge contains three texts separated by return; Rro, Ren, RGe and 

Aroenge contain a varying (but identical) number of lines; on each line, there is a 

possible answer (Rro, Ren, Rge) and the truth state of the answer 0/1 (in Aroenge) and 

Eval (with Id, subj and suid to manage secure connection, qlist, rlist, tlist and alist as 

ordered lists of space-separated values (qlist selected questions, rlist selected answers, 

tlist truth state for selected answers; alist truth for answered answers), tb, te and t 

storing times and p points earned). 

The database includes a number of 54 possible questions and the user interface 

allows adding new subjects and then retrieving those registered separately for each of 
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them. The information found in the database, according to the content intended for 

student evaluation, are: 

⚫ a number of 607 possible answers; 

⚫ a number of 296 true and 311 false answers; 

⚫ a possible number of answers of minimum 8, and maximum 26; 

⚫ a number of true answers of at least 3, and at most 13; 

⚫ a minimum number of false answers of 4, and a maximum of 13. 

The evaluation, by completing a test, was designed to be carried out in a 

laboratory room equipped with computers that are connected in a network using the 

same class of IPs, this being carried out under the supervision of a teacher. The actual 

testing can be done by entering a password for the teacher and a password for the 

student, which are verified with the set of passwords stored on the server. 

Each student can start the evaluation when he considers himself ready, by 

requesting a day and a time interval from the teaching staff, which is then established 

by mutual agreement. The database contains a number of 54 questions that are 

combined in a test pool, and each test will contain a number of 30 questions with 4 

possible answers (at least one right and one wrong). The result is determined to be 

correct when only correct answers have been marked. For each correct solution, a 

number of 3 points is awarded. Each test has a time limit of 15 min, so when the test 

starts, it starts the timer, adding the start and end time inside the test (via tb and te 

inside the database). After completing the test, the related score obtained is 

established, as follows: 

⚫ the average correct response time to the current test (tmrc) is calculated; 

⚫ the total average time required for correct answers to all tests is calculated 

(tmrcnec); 

⚫ the coefficient c1 is calculated as a ratio between the average time per correct 

answer from the current test (tmrc) and the average time required for a correct 

answer from all tests in the database (tmrcnec); 

⚫ the coefficient c2 is calculated as a ratio between the number of correct answers 

from the current test (rcno) and the average number of correct answers from all 

the tests in the database (rcnom); 

⚫ the average value of the two coefficients (c1 and c2) is calculated, and the test 

score will be obtained as 10 times the calculated average; 

⚫ the test average is calculated for all tests given by a user, so we will have a list of 

test scores for each user; When there are at least two notes on the list, the smallest 

one will be eliminated, and the average will be obtained for the remaining ones. 

⚫ at the end, the grade is calculated, which will take values between 4–10 (where 4 

is associated with the lowest grade, and 10 as the maximum grade). 

According to the study by Coman et al. (2020) it was observed that higher 

education institutions were not prepared for exclusively online learning. The 

evaluation system presented in this study underwent a series of changes to adapt it to 

an exclusively online evaluation, among which we mention: 

⚫ the number of possible answers was reduced (3 instead of 4), and the recorded 

answer was simplified (out of 3 from {A, B, C} we have 1 or 2 correct, the 

possible answers being from the list: {A, B, C, AB, AC, BC}); 

⚫ the assessment strategy has changed from individual counter-time, being adapted 
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to counter-time in series of students, using lists with more questions (up to 500). 

The first fastest response or the first two (if the second is different from the first) 

will be recorded; 

⚫ according to new strategies, students will receive positive points for each correct 

answer and negative points for each wrong answer. thus, the first two students 

(out of 6) who have 6 answers, of which more are correct than wrong, receive a 

grade of 1 + 1.5* (number of positive answers or number of negative answers) 

with a minimum of 1 or a maximum of 10. Then, for the next 2 for students the 

maximum decreases to 9, and for the last 2 students the maximum decreases to 8 

and it is only conditioned by the positive answers being more than the negative 

ones; 

⚫ because during the online evaluation we have different locations for the evaluator 

and the evaluated student, in order to prevent fraud in the generated tests, the 

spaces between the words were replaced with double spaces (to prevent the 

textual question/answer search). To better understand the assessment method in 

Appendix A.3. 3) questions generated by MCMA are presented. 

In order to comply with the GDPR (Regulation (EU), 2016), which imposed the 

pseudonymization of the information displayed on the statistics page, the evaluation 

system allowed a number to be associated with each student’s name. They have thus 

been replaced by “Student < number >”, where the number is generated uniquely for 

each student in the database when querying the system. 

2.2. Programs and their topology 

Testing involves accessing a test that is obtained by entering a web page, where 

the user is greeted with a welcome message (index, see Table 1), which is at the same 

time the root entry for the rest of the programs. The Universal Resource Locator (URL) 

is: http://l.academicdirect.org/Education/Evaluation/Chemistry/Chimie_Generala/ 

Access also requires the user to choose the desired language as follows: 

⚫ “?lang=ro” (default language) offers the welcome message and the menu in 

Romanian; 

⚫ “?lang=en” provides the welcome message and menu in English, 

⚫ “?lang=de” provides the welcome message and menu in German. The rating 

system allows adding a new language at any time. 

The password and security modules are called inside programs whenever 

necessary to obtain credentials for a database connection (password) or to verify 

permission for an insert or update operation (security). 

Table 1. Online evaluation software topology. 

Program Actions 

Index Welcome and menu 

Insert Add users (students) 

Test Generate a test and save an evaluation 

Statistics Calculate and display evaluation results 

Password Module containing credentials for database connection 

Security Module checking allowance of the testing (IP address based) 
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The software was implemented on a MySQL server (version 5.5.4) running on 

an intranet computer (otherwise). Storage database managed through a mysqli 

connection. The programs were implemented using PHP (version 7.4.10 is compiled 

and runs on Apache 2.4.46 HTTP server and FreeBSD 12.2 operating system). 

Using the system for evaluation requires accessing the test program by going 

through three consecutive steps. 

The first step to start testing is the verification of the following credentials: 

⚫ the IP address is from the designated address space (an intranet), and the last 

group of digits has a numeric value from a range; 

⚫ the teacher password exactly matches the correct value; 

⚫ the student encrypted password and the student’s name match the value of the 

encrypted password in the User table; the student’s name is selected from a drop-

down combo box. 

For the second step, a link is provided to register a new user (insert program). If 

the test credentials are passed and it is time for evaluation (a globally defined variable 

in the system with two states, TRUE and FALSE), a (new) test is generated. Note that 

you cannot take the test at night or during the semester, only during the day and during 

the exam session. A test contains (the second call to the test program): 

⚫ a number of m questions chosen at random (without replacement) from the list of 

n available questions (m is a predefined constant, set to 30, and n is queried from 

the database, it was 54); 

⚫ for each question (q1, ..., qm) a number of p (p is a predefined constant and were 

set to 4) possible answers (ri,1, ..., ri,p), each having associated a box check; 

⚫ Unix time for when the test was generated and sent to the client; 

⚫ username; 

⚫ a unique id (also recorded in the evaluation table, making it impossible to 

generate another test for the same user as long as the current test is not 

completed); 

⚫ a button to complete the test. 

The third step for the test program involves the following checks: 

⚫ the user and the unique id to match an empty (not already completed) evaluation 

(a record in the Eval table); 

⚫ updates that record (from the Eval table) to contain numeric values for the fields: 

alist (list of m × p answers), te (Unix time for when the test was completed and 

sent back to the server), p (3 × the number of matches between the list of expected 

answers and the answered answers) and t (the time difference between the end 

and the beginning of the test); 

⚫ it displays a summary statistic for the evaluation to the user. 

For practical reasons, the final evaluation (one evaluation from January of the 

current year) will be extracted from the database (which contains all the evaluations) 

for the students with the exam in the first semester. The reports with the grade from 

the exam will be completed with the information from this period (by default, for the 

statistics programs). Thus, for this, a number of 5 tables were generated: 

⚫ List all ratings, contains all ratings for all students that match the filter criteria of 

the time interval grouped by students and sorted ascending by date; when more 

than one assessment is recorded for a student, the one with the lowest results is 
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null and is no longer considered a record of the student’s average performance; 

⚫ Table with descriptive statistics of the database (numerical values from 2339 

records in the database) average time to obtain a point (the value of this statistic 

is about 7.5 s); the average number of points (the value of this statistic is 

approximately 31.6 points); 

⚫ Table of test scores and table of means for all assessments included in the report 

(at the means above); the associated test scores are calculated; mean is given in 

bold; 

⚫ Database descriptive statistics table (numerical values from 2339 database 

records) containing the failed evaluation score (the one associated with a grade 

of 4 out of 10; the value of this variable was set to 3.5) and the best evaluation 

score (the value of this statistic is approximately 23); 

⚫ Scoreboard, containing the marks and points list (with hyperlinks to full 

assessment details) for each (pseudonymous) student. 

3. Results and discussion 

3.1. Statistics from the use of the system 

Using the accessible data from the database, in Figure 1 you can see the results 

regarding the statistics for the period 2017–2020, and in Figure 2 we have the statistics 

related to the period 2021–2023. Analyzing the two figures we can see the gap between 

March 2020 and January 2022, where no new user was added and no assessment was 

made, this is the period when the COVID-19 restrictions prevented face-to-face 

meetings, and the system was used for doing remote online assessments following the 

procedure described in Section 2.3 (for 22 months). 

In Figure 3 you can see the average number of evaluations, (with variations 

between 1.0 and 2.0) and it shows us that n average students were satisfied with the 

first or the first two evaluations. Although there is no trend in the series described in 

Figure 3, we have statistical significance in the regression equation only for an 

intercept (y(time) = 1.43±0.26 + 0.0003±0.006·time, r2 = 0.0006). For this series we see 

the probability associated with the intercept not belonging to the model as P (value = 

1.43; t-value = 11.5, n = 19) = 5 × 10−8% and the probability associated with the slope 

not belonging to the model as P (value = 0.0003; t-value = 0.11, n = 19) = 91%. 

 

Figure 1. Monthly distinct evaluations and users for 2017–2020. 
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Figure 2. Monthly distinct evaluations and users for 2021–2023. 

 

Figure 3. Per user average number of evaluations. 
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Figure 4. Knowledge coverage: correct replies by question (logarithmic scale). 
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improvement of both the course and the evaluation. 

For a more complex analysis, Table 2 was built where the answers are collected 

by a contingency. Thus, the variables in Table 2 (CT, CF, WT, WF) are considered as 

a series whose answers are those answers that are the result of each possible answer, 

without there being a determined order. 

Table 2. Replies on statements (2 × 2) contingency. 

Replies  On 

Correct Wrong   

CT WT True 
Statements 

CF WF False 

 

Figure 5. Cumulative gained knowledge. 
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gives almost a doubled chance to correctly identify a false answer than a true one: 1.70 

± 0.02. 

3.3. Students’ progress 

According to the results obtained, it was concluded that the database offers a 

multitude of information, from which many descriptive and inferential statistics can 

be extracted, such as subjects with difficulty in understanding (those exemplified in 

section 3.2). Student progression (first, second, third assessment and more) can also 

be measured, which is another relevant statistic (for educational purposes). Some of 

the students, despite numerous attempts, do not make significant progress from one 

assessment to another. However, what is important is what is obtained on average and 

as a trend. In order to obtain a relevant statistic, a procedure was implemented here 

that allows the exploitation of its performance. If a student made a good assessment 

and stopped there, then that assessment can still count as the next and final assessment. 

By doing this, all student records that have one, two, three ratings (and so on) have the 

same number (Table 3). The statistics in this series can be used to observe the progress 

of respondents between assessments, as well as to reveal any trends, if any. 

Interestingly, the information listed in Table 3 were made from consecutive 

assessments, but without taking into account the time interval between them. 

Table 3. Learning curves from consecutive evaluations. 

Eval 1 2 3 4 5 6 7 8 9 

Avg 32.55 39.40 41.03 41.47 41.60 41.65 41.67 41.67 41.70 

StD 17.19 17.64 17.23 17.01 16.94 16.91 16.90 16.90 16.89 

Cnt 1246 1246 1246 1246 1246 1246 1246 1246 1246 

Eval: Evaluation; Avg: Average; Std: Standard deviation; Cnt: count of. 

From the analysis of the results, it can be observed that a different result is 

obtained when the date and time of the evaluation is taken into account. From the 

information provided by Table 3, a student’s t test reveals that statistically there is no 

difference when more than one assessment occurs (e.g., the 9th assessment provides 

more points than the first for a random chance probability of 70.42%, and to be 

considered significant, it had to be less than 5%). At the same time, an increasing trend 

can be observed in the Avg data, while the Std data has a decreasing trend. A linear 

regression can be considered significant when the slope of the mean according to Eval 

is 0.748 and the probability of not being null is 4.3%. Thus, it can be understood that 

learning is a limiting non-linear curve that we will learn and learn, and complete 

knowledge is a limit target. From this it follows that a distinct statistically significant 

Dose-Response pattern can be found in the Avg data (Equation (1)), which indicates 

that the greatest gain is in between the first and the second evaluation (1.276 

coefficient in the model). 

Avg (Eval) = 28.58±0.29 +
13.13±0.80

1 + (Eval/1.276±0.057)−3.43±0.17
 (1) 

The free quotient value of 28.58 (from Equation (1)) suggests that 28 points can 

be obtained with 0 ratings, so it should not be considered a passing score. 
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If we go further, we can also have a significant exponential model 

(Avg (Eval) = 41.66±0.04 + 36.20±0.50·Exp(−Eval/0.724±0.021)) (2) 

where, the free coefficient (41.66) has a different interpretation, it is the average score 

obtained after an infinite number of evaluations. This score can also be assigned a 

grade (e.g., 42 points to a 7 for a rating from 4 to 10, or to a 6 for a rating from 1 to 

10). 

The results are consistent with the existing literature and show us that the 

different qualities of the online system have a direct impact on users when they start 

to learn and use the system (Al-Hunaiyyan et al., 2021; Tilak and Kumar, 2022; Zhu 

and Liu, 2020). 

4. Conclusion and perspectives 

The COVID-19 pandemic has triggered unprecedented challenges in most sectors 

of activity, and in the field of education, the need for adaptation and the imposed 

changes have created a new approach. This study examines an online assessment 

system that allows the generation of multiple-choice tests to meet a certain level of 

difficulty, monitored total test time, and many other constraints designed to identify 

knowledge level. 

From the analysis of the database, you can see the results regarding the statistics 

for the period 2017–2020, and those related to the period 2021–2023, which show us 

a gap due to the lack of data for the second post-COVID period (see Figures 1 and 2). 

Also, from the analysis of the average number of evaluations, we can see that there are 

students who were satisfied with the first or first tests, and in the regression equation 

statistical significance was obtained for the intersection (see Figure 3). Thus, the 

assumption of normal distribution for the average number of ratings cannot be 

rejected. 

From the analysis of the degree of assimilation of the evaluated content, we 

observe from the report of all evaluations (see Figure 4) that the average proportion 

of correct answers is 22.41%. At the same time, there are questions that have a small 

proportion of correct answers (11.13%, see question 3), but there are also questions 

where the weight is high (45.35%, see question 52). This statistical information 

obtained from the study are useful information that will allow the improvement of both 

the course and the evaluation. Using a more complex analysis, by collecting the 

answers through a contingency (see Table 2 and Figure 5), it was observed that the 

chance of correctly identifying a false answer than a true one is doubled (1.70 ± 0.02), 

which always leads us to the need for improvement. 

Analyzing the progress registered by students, we can say that there is a number 

of students who, despite numerous attempts, do not make significant progress from 

one assessment to another. From the analysis of the results, it can be seen that a 

different result is obtained when the date and time of the assessment is taken into 

account. Although, Student’s t-test reveals that statistically there is no difference when 

more than one assessment takes place, from the results obtained (using Equation (1)) 

it can be said that the biggest gain is between the first and second assessment. Thus, 

we can understand that learning is a non-linear limiting curve that we will learn and 
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learn and complete knowledge is a limit target. 

Although the adaptation, through the use of an implemented online assessment 

system (MCMA) was achieved (as a viable and reliable solution for the assessment of 

students’ knowledge), the results show us that it requires improvement. If, at first 

glance, it may seem complicated and burdensome, it is necessary in today’s 

educational environment, creating the possibility of new approaches and 

improvements. Thus, student progress between assessments, as well as subjects with 

difficulty in understanding, can be leveraged through the assessment system, and 

obtaining the average and any overall trend is particularly useful. 

It therefore aims to inform policy makers, guide educational practices, and inspire 

future studies by identifying adaptation techniques for solving similar problems. We 

believe that the adaptation process is not over, that once started it will continue, but 

the results of this study can be a useful tool in designing a more robust, egalitarian and 

innovative educational system. 

5. Policies suggestion 

Below is a collection of stakeholder policies that could be considered, given the 

experience of online learning and assessment during the COVID-19 pandemic: 

The improvement of digital infrastructure and widespread access to the Internet, 

as well as the availability of digital devices, are intended to reduce the digital gap 

between students in urban and rural areas and to support education. 

Accessible technological solutions for distance learning and the implementation 

of extensive training programs can lead to improved skills. 

A flexible curriculum that transitions between in-person and online learning 

modes, as well as accessible resources can help and support overcoming the 

psychological impact of a pandemic. 

Encouraging the development and adoption of innovative learning platforms and 

educational technologies can contribute to the permanent improvement of the quality 

of online education. 

Fostering partnerships between educational institutions and technology 

companies to create engaging and interactive digital learning resources. 

These policies, mentioned above, can help address a number of obstacles inherent 

in crisis situations and establish a more solid and equitable educational framework. 

This framework will enable effective navigation in situations similar to the COVID-

19 pandemic and will meet the educational requirements of all students through unity 

and coherence. 
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Appendix 

A.1. Abbreviations 

⚫ MCMA: multiple choice multiple answers 

⚫ HTTP: hypertext transfer protocol 

⚫ GDPR: general data protection regulation 

⚫ URL: universal resource locator 

⚫ COVID-19: Corona virus disease 2019 

⚫ EU: European Union 

⚫ PHP: software (pre and post processed hypertext) 

⚫ MySQL: software (relational database management system) 

⚫ Apache: software (cross-platform web server) 

⚫ FreeBSD: software (Unix-like operating system) 

⚫ IP (address): Internet protocol address (usually referring its v4 version) 

A.2. General chemistry subjects covered in the evaluation 

⚫ Periodic system; periodic properties; electronic structure 

⚫ The abundance of elements; chemical formulas; stoichiometry 

⚫ Minerals; physical and chemical properties; chemical reactions 

⚫ Hydrogen; oxygen; water 

⚫ Alkali and alkaline earth metals 

⚫ p3–p6 block of elements (groups 15–18) 

⚫ d1–d5 block of elements (groups 3–7) 

⚫ d6–d10 block of elements (groups 8–12) 

⚫ f1–f14 elements block (lanthanides and actinides) 

⚫ Boron group; carbon group 

⚫ Organic chemistry; hardness and hard materials 

⚫ Ceramics; semiconductors; superconducting 

⚫ Advanced materials; polymers and plastics; biomolecules and reaction mechanisms 

⚫ Methods and models; structure activity/property relationships 

A.3. Example of generating remote-based evaluation files 

1) By the solid-state density, the chemical elements can be ordered as follows: 

a) B < Be < Li < He < H 

b) B < C < N 

c) N < O < F 

(A and C are correct, B is wrong—the order is opposite) 

2) In connection with isotopes of hydrogen: 

a) 3M(T) = M(p) 

b) T = 3015H is tritium 

c) D = 21H is deuterium 

(C is correct, A and B are wrong) 

3) For the reaction H2 + O2 → H2O: 

a) H2 and O2 are products of reaction 

b) The correct coefficients are 1 (H2), 2 (O2), 2 (H2O) 
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c) H2 and O2 are reactants 

(C is correct, A and B are wrong) 

4) (450 questions in a file; many generated files) 


