£ JOURNAL

FOR GEOMETRY AND ENGINEERING GRAPHICS

N

| GRAFIKI INZY

VOLUME 27 / DECEMBER 2015



THE JOURNAL
OF POLISH SOCIETY
FOR GEOMETRY AND
ENGINEERING GRAPHICS

VOLUME 27

Gliwice, December 2015



Editorial Board

International Scientific Committee
Anna BLACH,|Ludmita CZECI|-I, Modris DOBELIS (LatviaBogustaw JANUSZEWSKI,
Cornelie LEOPOLD (Germany), Vsevolod Y. MIKHAILENKQJkraine), Jarostaw MIRSKI,
Vidmantas NENORTA (Lithuania), Stefan PRZEW+LOCKkimela VELICHOVA (Slovakia),
Vladimir VOLKOV (Russia), Krzysztof WITCZXSKI

Editor-in-Chief
Edwin KOZNIEWSKI

) Associate Editors
Renata GORSKA, Maciej PIEKARSKI, Krzysztof T. TYTRASKI

Secretary
Monika SROKA-BIZQN

Executive Editors
Danuta BOMBIK (vol. 1-18), Krzysztof T. TYTKOWSKNW6I. 19-27)

English Language Editor
Barbara SKARKA

Marian PALEJ — PTGIGI founder, initiator and the
Editor-in-Chief of BIULETYN between 1996-2001

All the papers in this journal have been reviewed

Editorial office address:
44-100 Gliwice, ul. Krzywoustego 7, POLAND
phone: (+48 32) 237 26 58

Bank account of PTGIGI : Lukas Bank 94 1940 18@68 1799 0000 0000

ISSN 1644 - 9363

Publication date: December 2015 Circulation: 160&s.
Retail price: 15 PLN (4 EUV)



The Journal of Polish Society for Geometry and Begiing Graphics
Volume 27 (2015), 17 - 27 17

WHAT CAN TEACHERS LEARN FROM THEIR STUDENT'S
HOMEWORK

Sarka GERGELITSOVA Y, Tomas HOLAN %

Charles University in Prague, Faculty of Mathenstiaod Physics
Malostranské nam. 25, 118 00 Praha 1, CZECH REPUBLI
e-mail: sarka@gbn.c2 Tomas.Holan@mff.cuni.¢Z

Abstract. Homework as a didactic tool is highly useful fandents because it makes them
practice the acquired knowledge. Simultaneoushpravides the teachers a feedback how
the students can understand discussed problems.

In case a homework is processed and evaluatedraiamlly, more data can be collected
which gives the teacher wider spectrum of inforomati

Solving problems in automated systems usually krittge possibility of gaining the data
attached to the solution process itself, which -envhvaluated — brings information about this
process. Such features give the teachers valuafdemation about students’ understanding
the lecture topic, provide them with feedback infation about laboriousness of a particular
homework or test and its most time-consuming pmobBleand tasks. They facilitate
differentiation between the various reasons folufai of individual students, help to reveal
the critical moments and the most difficult idedstlee task (for students) and thus enable
teachers to arrive at conclusions which can hegmtho form the next steps in the teaching
process.

In this paper we present a wide range of infornmatibtained from the data stored in one such
system.

Keywords: Learning Management Systems, Learning outcomesmeivork
assignment evaluation systems and methodology

1 Introduction

Homework assignments are a specific part of anghieg process. They help students
to explore and to fix knowledge gained within teedons. While teachers’ explanations lead
to Knowledge and Comprehension (the first and #woid category of Bloom’s taxonomy
[1]), then by doing homework assignments the stiedlant subjected to the third category,
which is an Application.

Nevertheless, homework can also give specific mairon to the teacher, too; e.g. about
the students’ way of executing the specific proldeabout the tasks and about the issues that
students did not comprehend right.

1.1  Automatic evaluation of homework assignments

Manual evaluation of homework can usually lead toray time gapbetween the students’
activity and the feedback he/she gets. Thus, liarsl for students to return back to the tasks
that have been incorrectly or poorly solved. Retiurformation that is received from
the teacher with the delay has usually insuffici@mpact on the student's creativity
if compared to automatic feedback that can be iniatelgt send back after submission, where
the student can immediately respond to the evalnatiessage and try to re-solve the task
in another way [3].
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What is more, an automatic evaluation of homewahk bring some other effects
besides this one that the students can correat &mswer and therefore bring more tasks
to the correct answer: it can provide the teach#r iwformation which would not be possible
to get during manual evaluation of the homeworkisTpaper deals with this kind
of information.

The examples and all the data which we are prewgnti this paper come from
the GeoTest (e.g. [4]), and its use by more thah té@chers and 5000 students on schools
of all levels in Czech Republic from 2011 to 20Kmilar data can be obtained from
the other LMS systems, such as Moodle [2] or Blaekd.

All the text below has been divided into paragrapbsording to particular subjects
of acquired information.

2 Information on specific solution

The first piece of information we will talk aboubw, is not much different from information

that a teacher can get by correcting the homewaRrually. While examining the students’
answers, the teacher can spot the mistakes andeasity compare the answers given
individually by all the students.

An electronic form of answering procedure can brdlifferent views on particular
solutions. In case of geometric constructions weeht do with the following elements
which are the parts of a solving process: a draywéngonstruction protocol and a structure
of the construction process, which is represented byaph showing all the solving process
in subsequent steps which have been executed. Téyegh gcan show the complexity
of the construction and also can reveal all unrszsgssteps and the elements that have been
unnecessarily used or simply useless in a consgirugirocess (see in Figure 1: lire
and pointss, A2 in the second and the third constructiaiss2 are the expected answers).

Line (0.0, 0.0} xAxis —> x_{12}

Line (0.0, 0,0) xAxis —> x_{123
Line (0,0, 0,0} xAxis —> x_{12}

Perpendicular A1 x_ €12} -> a
Perpendicular a1 a -=> s1
Perpendicular xx a - b
Perpendicular xx x_{12} => p1
Perpendicular A1 p1 —> s1
Intersection p1 s1 => Ps
Perpendicular A1 s1 => a
Intersection a n2 —> A2

Line A1 x_{12) —> sl
Intersection a n2 => A2

Ray XX V —> n2
Line XX ¥ —> s2
Ray XX ¥ —> n2
Line XX A2 -> s2
Ray XX v = n2
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Figure 1: Structure of the construction — comparigsbthree different solutions of the same task
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Figure 2: Overview of solved tasks — initial graglin  Figure 3: Overview of solved tasks — figedding

3 Information on student
3.1  Solving the tasks

After a teacher (or computer) has evaluated allati@wvers of a given homework, the result
can be shown in a table presenting what tasks ws@red correctly or incorrectly or else

if some were left unsolved by a particular studéntFigure 2, the columns are assigned
to subsequent tasks, the rows to particular stgdeamid the three colors have been used
as the cell’s infill. These colors are as followseen is used for correctly solved tasks, yellow

for incorrectly solved problems, while light blué no solution has been submitted
by a student.

3.2 Process of solution |

When the students get information on their mistakas if they have enough time to correct
their answers, then they all have a chance to iwgotieeir solutions. Thus they have a chance
to have all the tasks correctly solved. This sitmatis awarding in context of reaching
the goal of a teaching process, but it gives nmrimftion on the learning progress
and learning outcome to the teacher (see Fig. 3).

The advantage which gives an electronic system gfwving homework) is that
we can display the status of the solution processyatime within a solving process. To give
an example, let us analyze the table presentedyurd=4. In the columns we have the names
of the students, the rows show the date and tinsoloftion. Proper color has been assigned
to the “state of art” of a particular problem (@mt, incorrect, no answer) achieved by student
for at least half of tasks. In the topmost row \@e see that finally all students solved at least
50 percent of the tasks — the teacher can choeseutmber — and later he/she can see which
student solved the homework sooner and which satdater.
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Figure 4: Progress of individual students

3.3  Solving after finishing correct answer

As the electronic system keeps the data on all gdoms and answers, the teacher is able
to notice that some of the students keep up toimemtsubmissions even though their

homework has already been correctly solved. Alsberwthe teacher looks on a specific

answer, he/she can see that the student triedue 8@ same task in another way.

34 Total time of homework

At the end of this chapter we are going to repatw much time his/her student spent
on doing the homework.

Two factors are surprising in the discussed abawgext: 1) the total time spent
on a task by the specific student and 2) the diffees between the students. Figure 5 presents
the total amounts of time per each student spentherhomework (for each student it is
the sum of time needed for individual tasks). Tl¢adorovided here are given in seconds.
The fastest student needed slightly more than dralfiour while the slowest one almost six
times more.
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Figure 5: The overall time of individual students

4 Information on the specific student and the spéfic task
Solving homework with the help of online system gmavide the teacher with information
how long it takes for the specific student to salve specific task. Such information relates
to the skills and knowledge of a particular studen

In Figure 6 we can see a boxplot of time neededdive one task of a given
homework — outliers, minimum, maximum, quartiles anddian of time needed for each
student. Figure 7 shows the time-span that theestuteeds to solve individual tasks.
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Figure 6: The time spent by individual studentstpsk (there are numbers instead of the names here)
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Figure 7: The time needed for each of given taskisidhividual students

When we present a sum of times instead of a sirple chart, we can see more
clearly in which case the time is determined bydlabal skill and quickness of the student
and when it is determined by the ability to solkie specific task — see Figure 8 where one
particular student’s time sequence is highlight®d. the vertical axis is time in seconds,
on the horizontal axis are numbers of individuak&a
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Figure 8: The total time needed for solving givasks (cumulative)
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5 Information on tasks

Next piece of information that the teacher canrierested in and that can help the teacher
to accommodate his/her teaching refers to the dewéldifficulty of the individual tasks
for students.

5.1 Process of solution il

By analogy, as the teacher can retrospectively tbee process of solving homework
by individual students (Fig. 4), he/she can als® lsew students dealt with particular tasks
(Fig. 9).

Columns of the table are assigned to particuldtstals the cells we assign specific
colors as it is described in 3.1. The color coroesis to the result obtained at least one half
(or given percent) of all students.
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Figure 9: Progress of solving individual tasks

In this example we can see that majority of theletis solved the first task in the first
run, then started to solve the second task butofotthem have postponed solution
and switched to a subsequent task or tasks. Onewaal/to notice that the problem which
is positioned in the fifth column from the rightleihas not been approached by the majority
of students for a long time. We may want to conelitre that this problem was a pain
to majority of students.

When the teacher receives such information, hetsh&t explore the task in context
of its complexity and the reasons for the failuregetting a correct solution. It is also
probable that the problem should be explained mtveroughly, sometimes again
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or otherwise modified. Sometimes it would be reedito change the strategy of his/her
teaching approach.

5.2  Comparison of the time of solving the task

Data on the time that a particular student needsdiwe a particular task are shown

in Figure 6.
In Figurel0 we have shown the boxplots for paréiculasks performed by all

the students: outliers, minimum, maximum, quartdad median of time needed for each task
of the homework.
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Figure 10: The time spent on individual tasks pedent

We can get other view observing the time as a sangsl random variable
and evaluating the hypothesis about particular @wopltasks that first tasks requires more

time than second task.
For evaluation of this hypothesis we can bBsdred t-test or Welch Two Sample t-

test and present the results in the form of a graply. (Ell). The edge is directed from
the more difficult (more time required to solve)}be easier (less time) task.

Figure 11: Partial ordering of tasks by the timeded
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5.3  Comparison of the difficulty of the tasks (perentage of successful attempts)

We can also try to measure the difficulty of thesktaby counting the number
of successful/unsuccessful students’ attempts savanit. Usually, the comparison complies
with the experienced teacher’'s expectation. Howevdrappens that the result goes across
his/her expectations.

BU
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$

50% -
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40%

30%

20%

10% -M
| | | | |

«~ 1 H H B B B B B BN RN

15 1510 1520 1530 1540 1 1560 1570 1580 1 1600 1610

@

Figure 12: Percentage of successful attempts pkr ta Figure 13: Example of task

In the graph (Fig. 12) we can see the successmraelving tasks from the examples
discussed above. The most unsuccessful task wamgdruct an octagon given by its cerer
and midpointM of the sideAB (Fig. 13). Only rotation, ruler and compasses alewed
in this construction.

Let us now have a look on one thematic group tdik@n descriptive geometry. Graph
in Figurel4 shows the success rate in solving tdskgoal of which is to construct the slope
line in a given plane (Monge’s Projection). Sometd tasks are simple and some are more
complicated and require students to construct maait lines.
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Figure 14: Percentage of successful attempts pkr(kdonge’s Projection)
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Figure 15: Given elements in the task 41060 Figure 16: Given elements in the task 41061

Surprising observation results from comparison hed success rate of task 41060
and 4061. In 4060, the slope line at pdnfFig. 15: the plane is given by a line and a point
is to be constructed. More than 57 % of studentspbeted this task correctly. On the next
task, which was practically the same (Fig. 16: tlme at given pointA is required
to construct) 41061 has reached only 27 % of cbraeswers although this task should
be much easier to solve. It is most probable thatline parallel to the horizontal picture
(horizontal line) confuses the students.

Similarly, a horizontal line is forming element afplane in the task 41360 where
the success rate is only 23 %.

6 Information on working mode of students
Last piece of information focuses on observationualloe time of a day when the students
do their homework. We are examining the subseqdays in a series of a week and a time
of a day. Observation utilize the number of subeditinswers, it includes not only homework
solutions but also answers submitted during scthesdons (individual activity in lessons,
tests).

For each hour we show the number of correct andriact submitted answers.
Figure 17 displays those data for school years /A@12nd 2013/14.
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Figure 17: Number of correct and incorrect answlering the week (starting Sunday)
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7 Conclusion

Homework is an integral part of teaching for cemtsir When students prepare and submit
their answers using electronic system, teacheiob#ain some additional information on both

task and students. Both of them he/she can aftdnapply to enhance his/her teaching

and increase its impact.
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ZADANIA PROBLEMOWE W SYSTEMIE ZDALNEGO NAUCZANIA
— WIELOPARAMETROWA ANALIZA EFEKTOW NAUCZANIA

Zadania domowe odgrywgjniezwykle istoty role w procesie dydaktycznym, urwiajac
zrozumienie i ugruntowanie wykladanego materialadnbczénie, dostarczaj informacii
wyktadowcom, w jakim stopniu materiat przedstawiaray wykladach jest przyswajany przez
studentow. W przypadku nauczania za poanérodowiska zdalnego nauczania, jakim jest
np. system GeoTest, mua nie tylko zadawaposzczegoblne problemy do rozzania, ale te
dokonywd& analizy wielu parametrow zwdanych z procesem rozygywania zadé& Autorzy
niniejszego projektu, nie tylko przygotowali zestaada w systemie GeoTest z zakresu
geometrii  dwuwymiarowej, jak rownte rzutdbw Monge'a, ale tale dokonali analizy
matematycznej i statystycznej otrzymanych wynikéed gatem ré&norodnych parametrow,
ato: stopnia trudrisi poszczegélnych zada czasu rozwazywania, pory dnia w jakiej
najctetniej studenci przyspuja do zada, itd. Analiza taka daje cenne informacje zwrotne
dla wyktadowcy i pozwala na rozwijanie kolejnyctiagdw przygotowania ulepszonego
systemu testdw. W niniejszej pracy przedstawiononikiy badan przeprowadzonych
w Uniwersytecie Karola w Pradze (Republika Czeska).
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