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Abstract. In this article, the authors consider the problem of automatic
check of tasks on the example of tasks on the topic of lines and planes. The
authors raise the question of the influence of arithmetic errors on automatic
verification. The paper discusses methods that will reduce the impact of
arithmetic error on automated problem checking. The article provides
several examples that are given to students to solve at control events held
at the Bauman Moscow State Technical University.

1 Introduction

The International and domestic experience in training engineering personnel shows that in
recent decades there has been a change in the paradigm of engineering activities, there is a
transition from the established centuries-old technology of engineering activity, as a
heuristic work based on the generalization of previous experience, to a new technology
based on computer modelling and design [1]. To ensure the transition to a new engineering
paradigm, the technology of teaching mathematics for future engineers must be
fundamentally changed [2].

Teaching mathematics can no longer be based on approaches and technologies that do
not use modern advances in computer and information technology [3, 4]. Only by applying
the symbiosis of the traditional approach in teaching mathematics and new mathematical
educational technologies that use the cognitive-visual approach, structuring mathematical
knowledge and specialized software tools that allow visualizing the concepts of analytical
mathematics and provide a practical basis for these concepts, it is possible to achieve the
necessary level of training of engineering personnel for knowledge-intensive sectors of the
country's economy [5, 6, 7].

In this regard, the Digital Learning System Nomotex was developed, which is a tool for
classroom and distance learning [7, §]. The functionality of the DLS Nomotex allows you
to conduct lectures, seminars, take homework assignments, and also carry out control
activities. Control activities consist of tests where you need to choose the correct answer
and tasks with the answer [9, 10]. Checking tasks in DLS Nomotex is carried out
automatically using the Phyton [11, 12].
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2 Automatic check of tasks in DLS Nomotex

2.1 Control works in DLS Nometex

One of the possibilities of DLS Nomotex is to carry out control measures. In order to save
the teacher's time, the assessment of problems is carried out automatically. Control
activities are carried out in computer classes and represent the following sequence of
actions [11, 12, 13].

a) The teacher enters the DLS Nomotex, goes to the tab of the personal account.

b) Distributes tickets for the control event. A ticket is a set of tasks containing
theoretical testing, which is a question with a choice of one or more correct answers from
the proposed ones. As well as practical tasks, which are a task with an answer.

¢) A student solves each of the tasks in a random sequence; he is given only one attempt
to answer each task.

d) After the completion of the control event, the teacher in his personal account can
view the results of the control event, find out the points awarded to students, and also see
what tasks a particular student has solved, in which he made mistakes, and which he did not
cope with.

Automatic check of assignments significantly saves the teacher's time, but the effect of
the arithmetic error made by the student is enhanced. For example, a student solves a
problem that is estimated at 5 points, and makes an arithmetic error, and as a result receives
an incorrect answer, an automatic check will evaluate such a problem at 0 points. While the
teacher would have estimated not only the final answer, but also the progress of the solution
and would have estimated the problem at 3-4 points [14, 15].

To minimize the impact of such errors in the DLS Nomotex various methods are used,
such as, for example, checking the problem by "blocks", for each block the student receives
a certain amount of points, so the arithmetic error made at the last stage of solving the
problem will not be be critical to the final score.

Another problem of tasks on the topic of lines and planes is the ambiguity of the
answer. The equation of a plane and a straight line is not specified uniquely, but depends on
the selected normal vector in the case of a plane

This article discusses methods to reduce the impact of such errors on the example of
tasks on the topic of lines and planes [17, 18, 19].

2.2 Features of tasks on the topic straight lines and planes

Straight lines and planes is a section of analytical geometry that studies straight lines in a
plane and straight lines in space, as well as planes, and the relative position of lines and
planes. There are two main types of tasks on this topic. the first type of problems is the
problem of constructing a plane that meets the given conditions. The second type is the
problem of constructing a straight line that meets specified conditions [12, 13].

On control tests in DLS Nomotex they represent a task with an answer. Figure 1 shows an
example of a task to build a plane [14].
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Opfion1_v

z4+2y-2-2=0

Equate a plane through a straight line I : {,[ yrm0

perpendicular to plane 3 : 22 + 3y-z+1=0.

Enter the equation of the plane 7 :

Hand over work

Fig. 1. The problem of finding the equation of the plane.

As can be seen from the figure, the answer to the problem is introduced in the form of
coefficients of the general equation of the plane.

AX+By+Cz+D=0 )

As is known, the equation of the plane is not specified uniquely. The equations
X+Y+2z+1=0 and 5x+5y+52+5=0 define the same plane, that is, the equation of the

plane can be multiplied by any number. Thus, the problem has no single correct answer. To
solve this problem, the student's answers are compared with the answers in the DLS

Nomotex. Let (A;B;C;D,) be an array of answers entered by students, and

(A;B,;C,;D,) an array of answers in the DLS Nomotex, that is, the correct answer, it is

necessary to establish whether the answer entered by the student is correct. To do this,
compare it with the correct answer, make the proportions for the corresponding elements of
the two arrays, then if

A_B_C_D o
AZ BZ CZ D2
A’ +B*+C? %0 (3)

then the equations AX+By+Cz+D =0 and AXx+B,y+C,z+D, =0 set the same

plane, in this case the student's answer is correct. The condition that the sum of the squares
of the coefficients is not equal to zero excludes the case when the student enters all the zero
coefficients, since the first condition will be fulfilled.

In most cases, the task of constructing a plane can be divided into two stages: finding
the normal vector and finding a point belonging to the plane. In the array of answers
(A;B;;C;;D,), the first three coefficients are responsible for the normal vector

n_(A; B,;C,), and the last one depends on a point belonging to the plane. In this regard, it

was proposed to divide the number of points awarded for the problem as follows: if
condition (2) and (3) is satisfied for the first three coefficients introduced by the student

(A;B;;C,), the student is awarded 70 percent of the maximum points, if the latter

coefficient also satisfies condition (2), then the student is added another 30 percent of the
points. If only the coefficient satisfies conditions (2) and (3), then the students are not
awarded points, since it is impossible to find the fourth coefficient without knowing the
first three [20, 21].

In problems of finding a straight line, there is also no single answer. Figure 2 shows an
example of a task for building a straight line.
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z-1 +1 z
= e & and plane m; : 2 + y- 22 - ten = 0, perpendicular to plane my :  + 2y-32-77 =0

Equate a straight line through the intersection of a straight line I 3 i

Enter the canonical equation of the line

Fig. 2. The problem of finding the equation of a straight line.

The figure shows that the answer to the problem is introduced in the form of the
coefficients of the canonical equations of the straight line:

X=X _ Y=Yy _2-12
m n p

Here M, (X,:Y,:2,) is any point belonging to the straight line, and d(m;n; p) is the

direction vector of the straight line. Both the point and the direction vector are not
determined uniquely, therefore, there is no single correct answer in the problem. To solve
this problem, the student's answers are compared with the answers in the DLS Nomotex.

Let (m;;n; p,) is the direction vector introduced by the student, and (m,;n,; p,) is one of

the correct direction vectors in the DLS Nomotex, in order for these vectors to be the
direction vector of the same straight line, they must be collinear, that

mn_nh_P 4)
mZ n2 pZ

Let now (X;V;;Z) be a point entered by a student, and (X,;V,;Z,) one of the correct
points belonging to the sought line, then the equality

Xz_x1: yz_Y1zzz_21
m, n, P,

But one of the coordinates of the direction vector can be equal to zero, then in
expression (5) we will receive division by 0, so we will rewrite expression (5) as:

(Xz _Xl)mz :(yz - Y1)|2
(Xz_xl)nzz(zz—z1)|2 (6)
(Zz _Zl)mZ = (Y2 - Y1)n2

If conditions (4) and (6) are satisfied, then the student has correctly found the equation
of the straight line[12, 13].

The problem of building a straight line can often be divided into two stages: finding a
direction vector and a point lying on this straight line. The fulfillment of condition (4)
guarantees that the direction vector introduced by the student is found correctly, and the
fulfillment of condition (6) guarantees that the point entered by the student belongs to the
sought line, even taking into account that the direction vector is determined incorrectly,

because in condition (6) it is used knowingly correct vector (m,;n,; p,) . Thus, you can

&)

divide the number of points, depending on the condition of the problem, assign a certain
number of points for fulfilling condition (4) and for fulfilling condition (6) separately. For
example, for the problem in Figure 3. It can be said that determining a point belonging to a
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straight line is more difficult than finding a direction vector. For this task, the following
evaluation criteria were established: 70 percent of points for fulfilling condition (6) and 30
percent of points for fulfilling condition (4) [15, 16].

3 Conclusions

In this paper, the characteristic features of problems on the topic of lines and planes were
considered. Various ways of solving the problems arising during the automatic check of
tasks on this topic were proposed. The authors described a method that allows you to divide
the number of points awarded to a student when solving problems on the construction of
lines and planes. It is worth noting that when carrying out control measures at the Bauman
Moscow State Technical University, it has been proven that such techniques lead to a
decrease in the effect of arithmetic errors on the number of points received for the problem.
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