
1 
 

Joanna Kandzia 

Faculty of Mathematics and Natural Sciences 

School of Exact Sciences  

Cardinal Stefan Wyszyński University in Warsaw 

Poland 

 

Evaluation and systematic ordering of mathematical knowledge of high school students 

with the use of information technologies – the Internet 

 

 

Abstract 

The article presents the results of the study based on online mathematical competition – 

Internet Adventure with Mathematics. Such topics as mathematical competences, 

communication and information have been brought to attention. Educational use of the 

Moodle platform to evaluate the mathematical knowledge of high school students has been 

pointed out. An attempt has been made to show that mathematics can become friendlier, 

approachable and understandable. It can help the young people to overcome the fears caused 

by gaps in mathematical knowledge. 
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Introduction 

The statement that the Polish society does not value mathematics nor can teach it may be use 

as a starting point to reflect on the educational use of e-learning platform for evaluation and 

structuring students’ mathematical knowledge. The lack of understanding of the foundations 

of mathematics causes fear of it, thus blocks the cognitive process. Willingly or not 

mathematics is present in our lives and essential to the functioning of our society together and 

within the information society. Scientists, teachers of mathematics and educators have been 

looking for alternative methods and forms that could encourage children and young people to 
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learn mathematics and exploring its intricacies. In addition to acquiring the information, it is 

necessary to transform it into knowledge as well as the use of this knowledge in the real life 

situations. 

One of the basic elements of the learning process, not just mathematical, is constant 

evaluation and systematizing of the acquired knowledge. There are many ways to do so. The 

mathematical competitions belong to one of them. Is this, however, the best solutions? Does it 

bring tangible results? There are many questions. Taking this form of activity a young man 

not only makes an effort to measure his strength with the tests but also with open tasks which, 

in addition to critical thinking, also require creativity and expertise. The student has to 

demonstrate knowledge of the whole range of material on the certain educational level as well 

as extensive general knowledge. Apart from technical and scientific skills, these are the basic 

components of mathematical competence. They involve the ability to ask questions and give 

answers to the given topic within the framework and with the use of mathematical means. 

Mathematically competent person should have the ability to formulate proposals, ways of 

understanding and recognizing the elements of scientific inquiry as well as the ability to make 

the right decision. In the case of online competition, the use of informatics tools is essential. 

Communication is the process of organizing messages in order to establish their 

importance (L.R. Frey’s, C.H. Botan’s, G.L. Kreps’s, 1999, p. 31). The communicative 

competence refers to the degree to which the desired objectives are achieved through 

communication in a manner appropriate to the situation (B.H. Spitzberg, W.R. Cupach, 1984, 

p. 58). In a less formal way, to determine whether an individual communicates effectively and 

in accordance with the context. It is also important how we know that the goal has been 

achieved or whether the communicational behavior is appropriate to the situation.  

It should be mentioned about information competencies which consist of sound 

knowledge and the ability to use the so-called information society technologies (IST)1 in 

different situations as a tool of communication. They are based on the fundamental skills: the 

use of computers and other media with the ability to assess, collect and compile some 

information for creation, presentation and exchanging the information as well as for 

communication, participation in the cooperation of today’s network. The basis is: 

understanding and the knowledge of the main computer applications (MS Word, MS Excel, 

databases, archive information), awareness of opportunities available on the Internet together 

with communication with the use of electronic media (email, videoconferences), and also the 

                                                           
1 IST - information society technologies. 
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difference between the real and virtual world, understanding of the IST potential as a support 

to creativity and innovation in personal development.  

 

Characteristic of the research community  

The study was conducted among the participants during the four stages of mathematical 

contest online – Internet Adventure with Mathematics. The competition – Internet adventure 

with mathematics (IAM)2 was created by the author in December 2010 and continues to date 

(December 2010 – April 2014). There were already four editions at the turn of: 2010/2011, 

2011/2012, 2012/2013, 2013/2014. The contest was designed for high school students from 

all over Poland. 

The subject of the contest covered the scope of high school curriculum. The 

competition was to encourage students to repeat and reinforce the material and the promotion 

of talented and active young people through the opening the way to the prospective courses of 

study. It popularized the use of mathematics and education online. The competition was 

carried out with the use of e-learning platform CMS Model. It consisted of three stages: two 

online and one offline. 

The first stage was fully supported by the Competition web side platform, with the use 

of a database with the questions specially created for the purpose of the competition (at 

present 560 test tasks). Twenty eight multiple choice questions with fourteen mathematics 

divisions (the two of each) were drawn by each participant. The questions involve: account of 

sets and logic, trigonometry, planar geometry, analytic geometry, linear function, special 

geometry, quadratic function, polynomials, interchangeable functions, algebraic expressions, 

exponential and power function, combinatorics, logarithmic function, arithmetic and 

geometric sequence. The contestants had sixty minutes for the test. The answers had to be 

approved. After the completion, the results should be checked.  

The tasks (currently six hundred open tasks) for the second stage were placed on the 

platform. After opening the generator of sets, each participant drew out five open type tasks. 

The tasks were grouped into five thematic sections: logarithmic function, exponential and 

power; spatial and planar geometry; quadratic function, polynomial and rational functions; 

analytic geometry and linear functions; arithmetic, geometric and combined sequels. The 

solutions (only in the written and handwritten form or a computer printout) were to be send by 

post to the address of the Faculty. The assessment covered the accuracy of answers together 

                                                           
2 IAM - Internet adventure with mathematics. 
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with the way of resolving them. The solutions had to be clearly legible and the way of 

solution described accurately and precisely. In each case the list of finalists was placed on the 

e-learning platform. The tasks were checked by younger researchers of the Faculty of 

Mathematics and Natural Science. 

The final was held at the headquarters of the Faculty. The finalists had struggled with 

the open tasks for there hours. The results of each edition could be found in the competition 

platform of the CSWU3. The results were designed for each stage separately as well as for all 

the results together. The procedures required to create the tests were preserved in creation the 

database. At the evaluation of the open tasks a strict and uniform scoring scale was 

established together with the scope of the assessed (scoring) activities following the 

recommendation of the Central Examination Board (on the CEB).  

The competition attended N4 = 1695 students from different high schools: secondary 

schools, technical schools and vocational schools. The contestants were recruited from the 

whole Poland. In all the second stages 202 students took part including 59 female students 

and in the third stages 115 students including 33 female students. The table below shows the 

numerical distribution of contestants during the subsequent editions and stages. 

 

Table 1. Juxtaposition of the number of participants in each edition IAM 

Edition I 

Stage I 
Stage II Stage III 

authorized joined this authorized joined this 

517 69 45 36 34 

Edition II 

Stage I 
Stage II Stage III 

authorized joined this authorized joined this 

294 62 44 32 26 

Edition III 

Stage I 
Stage II Stage III 

authorized joined this authorized joined this 

552 82 62 38 25 

Edition IV 

Stage I 
Stage II Stage III 

authorized joined this authorized joined this 

                                                           
3 The competition tasks and all the information on IAM can be found online: 

http:/www.matematyczny.uksw.edu.pl [06.06.2014]. 
4 The number of participants. 
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331 73 51 40 30 

Together 

1695 283 202 146 115 

Source: prepared by the author. 

 

The number of participants in the second and the third stage was dependant on the amount of 

the earned points, which had been determined by the jury. Not all of the authorized took the 

opportunity to take part in the struggle to test their mathematical skills. The study included 

only those contestants who had sent their works after qualifying for the final of the exam. 

In order to answer the question – What form of evaluation and structuring of 

mathematical knowledge prefer the high school students? The author carried out the research 

and provided their results based on the mathematical contest IAM. 

Rules of each of the four editions were identical; therefore, it seems appropriate to reveal 

them before analyzing of the results. The instructing test was placed on the platform before 

each stage. 

 Stage I – online, test tasks. Students solved 28 randomly generated test tasks. The students 

could earn 280 scores, 10 for each task. 

 Stage II – online, open tasks. Students drew 5 open tasks whose solution should be sent to 

the Faculty. The students could get from 0 to 30 points, 6 for each task. 

 Stage III – traditional form, exam lasting 180 minutes in the Faculty. Each student 

received a set of 5 open tasks. It was possible to obtain from 0 to 30 points, 6 for each 

task. 

 

Results of the research 

In the four stages of the competition Internet Adventure with Mathematics took part 1695 (N 

= 1695) students of high schools with varying intensity in subsequent years of its existence. 

Of course this number refers to the first stages of all the editions. It was the online test that 

could be carried out in comfortable, stress – free conditions in any place, time, and pace with 

the use of any possible help. There was plenty of time for the 28 tasks, as much as 60 minutes. 

Summary of the first stage of the IAM 

The results were very different from the lowest i.e. 0 till the highest. In the fourth edition two 

students gained the maximum number of scores (280). One of them was taking the 

matriculation exams and did not take part in the second stage despite being qualified.  

Another one took the opportunity in the second stage and obtained 24 scores out of 30 
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possible. However, in the final, when only a piece of paper and the student’s own ‘head’ were 

available; he did not receive any scores. However, his determination and courage in the face 

of difficult but interesting challenges should be appreciated.  

 

 

Drawing 1. The distribution of results achieved by the participants (I) stages of all the editions IAM 

Source: prepared by the author. 

 

The largest number of results can be placed in the range 201-250, which represents 17,3% of 

all the gained scores. This is the result of more than 70,0% in relation to the possible 

maximum number of scores. In the range recognized as a high rank 251 - 275 scores, only 

65(3,8%) students with two above were placed giving total 3,9% (67). Zero results represent 

6,2% of all the participants. Fortunately, the threshold of 45,0% was exceeded by 52,3% 

contestants i.e. 887. Slightly more than half of them all. 

Summary of the II stage IAM 

326 students were eligible to participate in this stage. The sets of tasks could be drawn on the 

web site. Despite the fact that 284 students generated jobs online, only 202 (62,0%) of them 

took the trouble to solve 5 open tasks and submit them to evaluation. It is not a very large 

number. Distribution of participants in each edition was: 45, 44, 62, and 51 persons. 
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Drawing 2. The distribution of results achieved by the participants (I) stages of all the editions IAM 

Source: prepared by the author. 

 

In the drawing 2 the frequency of results was graphically presented in the numerical ranges. 

The lowest - 6 points was gained by one contestant. Within the range of the highest ranked 

(26-30) 98 (48,5%) of whom 42 received the maximum number of scores - 30, which 

represents 20,8% of the total number of participants. Almost half of the contestants in the 

second stage reached very high results from 86,7 % to 100,0%. The number of participants 

with maximum results (30 scores) in the subsequent four editions was as follows: I stages – 

24,4%, II stages – 4,5% (lack of maximum number of scores), III stages – 29%, IV stages – 

25,5% in relation to the whole. Eight works were below the average level and the rest could 

be considered good. 

Summary of III stage IAM 

In this case also not all the qualified competitors showed up for ‘the battle”. Only 78,8% i.e. 

115 out of 146 finalists participated in the struggle. As a matter of fact the percentage was 

lower than in the second stage but there were here the best of the 1695 participants.  

34, 26, 25, 30 contestants took part in the subsequent editions. The tasks which they had to 

face went beyond the typical school curriculum. Despite this fact only one person won 29 

scores and four took place in the range 26 – 30 points. Drawing 3.  
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Drawing 3. The distribution of results achieved by the participants (I) stages of all the editions IAM 

Source: prepared by the author. 

 

The results were divided from 0 to 29 in the arithmetical progression, one at a time, drawing 

55. The number of students ( one at a time) with the highest scores in the next four editions 

were as follows: 2,9% (the highest result 16 scores), 3,9% ( the highest – 29 p.) 4,0% (the 

highest – 17 p.), 3,(3%) (the highest – 27 p.).  

At this stage the most important were: the aptitude, mathematical knowledge, drawing 

conclusions, connecting dependencies as well as ability of mathematical thinking. 

The students’ involvement in the second stage definitely diminished. In the second stage there 

were 326 authorized participants but only 202 (62,0%) has undertaken the tasks, despite the 

fact that 87,7% students had generated the sets online. The third stage started 115 (78,8%) out 

of 147 qualified students. 

 

Summary 

One of the Internet communication models assumes that the greater motivation, knowledge 

and skills of the communicating person is, the  more reasonable are the selection and 

communication advantages of the Internet (digital media) for certain types of messages in the 

given context.  

The presented results of the research have shown the great interest of young people in 

the Internet communication which evaluates the mathematical knowledge. The starting point 

in the competition Internet Adventure with Mathematics, apart from mathematical abilities, 
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involved also the use of information technology – tests for e-learning platform. It was 

followed by more and more difficult stages completed with the traditional exam. 

Both younger students of high schools as well as graduates of secondary schools set 

out eagerly to the tests online ( the first stage of each editions) covering quite difficult and 

broad ( particularly for the younger students) range of problems related to the subjects. 

Despite this fact, the mere comfort resulted from the Internet communication attracted a lot of 

young people up to 1695 students from different school centers in Poland. Only 6,2% (105) of 

the whole population taking part in the competition reached 0 results. More than half of them 

(52,3%) exceeded the threshold 45,0% and above 35,0% the right solutions reached 68,0%. In 

the point range recognized as high i.e. from 90,0% there were 67 (3,9%) contestants out of 

which only two gained the maximum number of scores. 

The inspiring author’s idea was to arouse the interest in mathematics of the great 

number of young people (school mathematics). The Internet is ubiquitous; therefore, it was 

the simplest and the most attractive way to conciliate the youth. As a result, each participant 

who takes the action willingly or unwillingly had to have a favorable look at mathematics. 

Open the course book, ask a teacher, a friend, a parent or to take a look in the Internet. After 

completion the texts, students discussed the  tasks (reflections of the author who  observed her 

students participate in the contests). They tried to convince each other as to the correctness of 

the solutions. The most important goal was achieved – the awakening of student’s 

mathematical interests. It had to be achieved. They took the opportunity to be acquainted with 

the principle of the distance learning platform, which for some of them was a big challenge 

(the author’s own observations)5. They needed help. 

Taking into account the winners involvement and their own contribution to the 

subsequent stages (II, III), it can be noticed that the solution of the tasks in the traditional 

form was less encouraging for students than the implementation of the online tasks. In the 

second stage only 62% of the authorized sent their works. 78,8% of the authorized entered the 

third stage (live). It is hard to say about the reasons. It might be the access, the fear of failure 

or the stress associated with such a serious exam that requires extensive mathematical 

knowledge. The topics of the final tasks, from the previous editions, had been placed on the 

competition platform, so the level of difficulty was known. The third stage involved 

evaluation of knowledge and mathematical abilities of mathematically minded people and 

                                                           
5 The students asked for help in technical issues.  
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those dealing with it and drawing out the correct and logical conclusions based on their 

knowledge. 

There is no doubt that students develop the social public interest in mathematical 

issues taking part in such competitions as well as the abilities that influence the appreciation 

in the ‘mathematical’ society. An individual can participate in it in a mature and active way. 

High school graduates, aware of the difficulties in evaluation of their mathematical 

knowledge at the matriculation exam, definitely more frequently and consistently take part in 

competitions. Students prefer the web form of evaluation and structuring their mathematical 

knowledge. The texts published on the competition platform seem to be the most suitable for 

them. 

[The detailed results and analyses can be found in the author’s book: Edukacja matematyczna 

a cywilizacja cyfrowa. Podmioty kształcenia wobec wyzwań technologii informacyjnych (in 

preparation for publishing)]. 

 

An exemplary set of final tasks 

Mathematical competition – Final 2013 

Task 1. 

In a chevron triangle ABC on the sides AB, AC and BC the points CO, BO, AO were chosen 

respectively so that the sections of AAO, BBO, CCO intersect at one point. Points A", B", C" 

are symmetrical to the points A, B, C respectively to the points AO, BO, CO. Prove that: 

S(A"B"C") = 3S(ABC) + 4S(A’B’C’), (S(ABC) means the area of the triangle ABC). 

Task 2. 

The polynomial W(x) = xn + a1x
n-1 + … + an-1x + 1 has all coefficients a1, a2, … an-1 non-

negative. It is also known that W(x) has n real elements. Prove that W(2) ≥ 3n. 

Task 3. 

A function is given f(x) = 2x2 + 1. 

a. Write equations of tangents to the graph of the function f(x) at points of arguments 

x1 = -1, x2 = 1 and calculate the sine of the angle between the tangents. 

b. Determine the coordinates of the AB so that the tangents to the graph of the function 

f(x) in these points, intersecting at the point C (0,c) angled at measure 
𝜋

3
. Give the 

equation of the tangents. 

Task 4. 
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Sphere S1 with the radius r goes through the centre of the sphere S2 of radius R. Prove that if 

the cord AB of the sphere S2 is a tangent to the sphere S1 at the point C, then:  

|AC|2 + |BC|2 ≤ 2R2 + r2 

Task 5. 

Prove that for any natural number n positive the number 19 • 8n + 17 is a composite. 
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