THE JOUR)

8IULETYN

OF POLISH SOCIETY

%,

POLSKIEGO TOWARZYSTWA
OMETRII 1 GRAFIKI INZYNIERSKIEJ

VOLUME 32 / DECEMBER 2019




THE JOURNAL
OF POLISH SOCIETY
FOR GEOMETRY AND
ENGINEERING GRAPHICS

VOLUME 32

Gliwice, December 2019



Editorial Board

International Scientific Committee

Anna BLACH, Ted BRANOFF (USA), Modris DOBELIS (Laa),
Bogustaw JANUSZEWSKI, Natalia KAYGORODTSEVA (Ruskia
Cornelie LEOPOLD (Germany), Vsevolod Y. MIKHAILENKQJkraine),
Vidmantas NENORTA (Lithuania), Pavel PECH (Czeclpt#ic), Stefan PRZEWLOCKI,
Leonid SHABEKA (Belarus), Daniela VELICHOVA (Slovig, Krzysztof WITCZYNSKI

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. 19-32)

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@568 1799 0000 0000

ISSN 1644 - 9363

Publication date: December 2019 Circulation: 160&s.
Retail price: 15 PLN (4 EU)



The Journal of Polish Society for Geometry and Begring Graphics

CONTENTS

PART I: THEORY (TEORIA)

PART II: GRAPHICS EDUCATION (DYDAKTYKA)
1 L. Cocchiarella: ARCHITECTURAL DESIGN AS EDUCATIO NAL STRATEGY “GEOMETRY

ORIENTED” 3
2 M. Dragovi¢, S. Cigevié, A. Cutakovi¢, A. Trifunovi é, F. Gramié: POSITIVE IMPACT OF 3D CAD

MODELS EMPLOYMENT IN DESCRIPTIVE GEOMETRY EDUCATION 11
3 S. Gergelitsova, T. Holan:GEOMETRIC TASKS DIFFICULTY FROM ANOTHER VIEW 17
4 M. Piekarski: THE DIDACTICS OF CONSTRUCTION TECHN ICAL DRAWING IN THE AGE OF

CAD AND BIM TECHNOLOGIES 23

5 M. Sinitsky: LEARNING ABOUT  THREE-DIMENSIONAL OBJ ECTS IN A
THREE-DIMENSIONAL ENVIRONMENT: IMMERSIVE-ROOM ACTIV ITIES FOR PRE-
SERVICE MATHEMATICS TEACHERS 29

6 A. Vansevicius: CLOUD-BASED TECHNOLOGIES IN TECHNICAL DRAWING 35

PART Ill: APPLICATIONS (ZASTOSOWANIA)

1 C. Candito: IMAGE AND SPATIAL MEANING OF THE OCTA GON IN ARCHITECTURE 39
2 E. Gawel, W. Rokickii BIONIC MODELS |IN OPTIMAL D ESIGN OF FLAT
GRIDSHELL SURFACES 45
3 B. Kotarska-Lewandowska: MODELING BIM OBJECTS FROM POINT CLOUDS. EXAMPLES 55
4 O. Nikitenko, 1. Kernytskyy, G. Kovalova, A. Kalinin. GEOMETRICAL MODELING OF
GEODESIC LINES ON COMPUTER GEARS IN NOVIKOV TRANSMI SSION 65
5 I. Piech: APPLICATION OF TERRESTRIAL LASER SCANNI NG DATA IN DEVELOPING A 3D
MODEL 73
6 B. Vogt: OVERVIEW OF THE OLDEST WORKS OF POLISH T HEORISTS ON THE SHAPE
OF A ROOF 79

PART IV: HISTORY OF DESCRIPTIVE GEOMETRY (HISTORIA GEOMETRII
WYKRE SLNEJ)

PART V: INFORMATION AND NEWS (WYDARZENIA | INFORM ACJE)

1 REVIEWERS 2019 10
2 5" SLOVAK - CZECH CONFERENCE ON GEOMETRY AND GRAPHICS 34
3 27 Scientic-Professional Colloquium on Geometry and phics 54
4 APROGED’'S 5TH INTERNACIONAL CONFERENCE GEOMETRIAS '19: POLYHEDRA AND
BEYOND 72
5 K. Romaniak, B. Vogt: PROFESSOR OTMAR VOGT (19392018) 89

ISSN 1644-9363 / PLN 15.00 2019 PTGIGI



The Journal of Polish Society for Geometry and Begiing Graphics
Volume 32 (2019), 17 - 22 17

DOI 10.36176/96.PTGiGI.2019.32.2.03

GEOMETRIC TASKS DIFFICULTY FROM ANOTHER VIEW
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Abstract. Geometric knowledge and skills are necessary gquisite for successful
engineering study in many branches. Unfortunai@tyuiring those is difficult for many even
since the very beginning in primary and secondahposls and it needs to be supported. It is
obvious that different students need different amt®wof time to solve the same task. We
raised a question whether or not the speed at whicstudent solves different tasks is
a characteristic property of the individual studéffe have analysed the data obtained during
the eight years of operating GeoTest — an onlirstegy for the assignment of construction
geometry tasks and automatic evaluation of theectmess of their solutions. The answer is
that a student resolves some tasks quickly and stomdy (compared to another students).

Keywords: geometric constructions, data evaluation, tadicdity, observations

1 Introduction

Geometric knowledge and skills are necessary presige|for successful engineering study in
many branches. Unfortunately, acquiring those féicdit for many even since the very
beginning in primary and secondary schodlst, too many students — and even some math
teachers — end up saying that they “hate math” . eyThave somehow missed the intellectual
math experience — and this may limit their lifeloimgerest in science, engineering, and
technology7].

Students usually learn some partial and easilyrdfigoizable procedures successfully.
However, especially construction plane geometnksaand tasks requiring deriving or
justification (which benefit, for example, kinenwiand projection methods) are difficult to
algorithmize and thus difficult for students. Théagks and problems are both illustrative and
requiring the student to be aware of (and answeagestipns such as: "Does this result satisfy
given conditions and constraints in general?" anthat procedure leads to creating / finding
the required elements?". These are tasks that, dingoto Van Hiele [8] criteria for
evaluating geometric knowledge, belong to LevelAbstraction) and 3 (Deduction) and
according to the Five phases of the learning pottesy require &ree orientation(the fourth
one) degree.

With GeoTest [3] we wanted to help develop the getical abilities of pupils and
students. Its use was reported in [5]. At the siime, however, we have obtained data from
the operation that indicate interesting phenom#mawill describe one of these observations.

Obviously, some students are more talented, perficind faster in solving tasks than
others.

Similarly, on the other hand: some tasks are edsiestudents than others, although
they require a comparable, similar range of knogietb be solved.

The phenomena indicating the difficulty of individuasks that can be observed in
GeoTest are as follows:
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« Which of the tasks teachers choose - this aspedbadsmuch influenced by
the teacher's personal preferences.

* The number of tries (submits) the student needsitaessfully complete a task — this
is influenced by such factors as inattention argdraction while solving, rather than
geometry knowledge and skills of the student —luhg& student thinks he is able to
solve the task, he does not submit the solutiadl at

» Student’s time spent on solving the task untififst successful solution.

We found not only that this time varies for thedsnt for different tasks (which
certainly relates to the complexity of the task)t ib turned out that the order of the student in
the group of classmates in solving the task igm®same for different tasks.

2 Research question

Different students need different amounts of timesdlve the same task [1]. There is nothing
surprising about this, since every student hashéisdéwn individual knowledge, skills and
abilities, and every teacher knows both fast aod situdents.

When looking at troubles students have acquirirgrggdric skills and knowledge, we
wonder if significant differences can be tracedusein various geometric topics for a student
or whether a student is simply “high achiever” lmw/ achiever” in general.

GeoTest system [3] is a web application for assignisolving and automatic
evaluation [4] of construction tasks. From eigharngeof its usage we collected a data from
about 200 teachers; 10,000 students; 25,000 assigsks and 600,000 submitted answers.
The data are stored in an SQL database.

GeoTest allows us to measure the time needed fdr ealividual student to solve
a specific task, including the time spent on faatinstructions and blind alleys.

Having such information, we can try to answer ti®iving question:

Is a high or low speed a general characteristictteé student, or does each student
solve some tasks quickly and other ones slowly?

Or more specifically:

If a student is quicker or slower at resolving a farar task compared to the other
students, can it be deduced, based on this infeomahow quick, compared to such other
students, the student is going to be at resolvimgjlzer task?

3 Method
Unlike in the case of controlled experiments, itlificult to create conditions under which it
would make sense to compare solving times. We lars, tat least, trying to eliminate the
influence of the school, teacher and age.

We will look for the answer to our research questiosing two approaches;
the solution to this problem will be described éaich of the approaches separately.

4 Approach 1:
To answer this question, we selected three tasksvér@ frequently assigned by teachers and
the groups of students to which these tasks wesigreed. From them, we selected groups of
students of the same age, taught by the same tsadhetotal, there were 121 students
(groups of 29, 67 and 25 students, respectivebightby three teachers. If the student did not
resolve the task, the relevant column is missirthéngraph.

In Figure 1, we mixed all the students, and in Feg?, we separated the groups.

Figure 1 displays the time (vertical axis) that théividual students (horizontal axis)
needed to solve three different tasks, namelyaslestto construct:
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110 — a parallelogram, 120 — a triangle, and 180kombus.

On the left side, the students are sorted by the heeded to solve task 110, while on
the right side, they are sorted by the time ne¢detlve task 130.

Figure 1 suggests no observable relationship betileetimes needed to solve these

three tasks.

(Student’s) task solving time (Student’s) task solving time
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Figure 1: On the left side, the students are sditethe time needed to solve task 110, while onridiat side,
they are sorted by the time needed to solve taBk 13

No observable relationship could be seen in singtaphs created for the individual groups
of students (Figure 2) either

(Student's) task solving time (Student's) task solving time (Student's) task solving time
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Figure 2: The data are the same as in the grapigire 1, but the students are arranged by grotipsa(three
different groups of students)
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A Spearman's correlation was run to determine thationship between the vectors
of students' solving times for these three tasksl1@l, 95% CI) with following results
(Table 1):

Table 1: Table of the correlation of students’saiptime between the tasks 110, 120, 130

Tasks pair Spearmans p-value
110-120 0.07427 0.4182
110-130 0.12214 0.182
120-130 0.16995 0.06237
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These show that only a weak positive monotonicetation (Spearman’s=0.17, p=0.06)
between tasks 120 and 130 can be observed.

5 Approach 2:
As part of the second observation, we monitoredctirgsistency of the rating “this task is
more difficult than that one” provided by two diféamt student groups.

For this observation, we selected two groups oh26 30 students. To eliminate as
many other possible sources influencing their smeegossible, the groups were selected in
such a manner as to ensure that both groups irttlsielents from the same school and of
the same age and taught by the same teacher intordeake sure that they had been taught
the same things.

We created a vector of the times needed by the sitside complete each task and
evaluated the correlations (for a larger numbetasks this time). Where the student had not
resolved the task, the missing time related to uheesolved task was replaced by the
maximum time that the students of the given growgred to resolve the task.

In Figure 3, we can see the correlations in thenfof heatmaps.

It can be seen that, for instance, for the task®39 and t90074 (or t90054 and
t90084) in Groupl (left), the colour is red, whicteans that the correlation is positive. This
means that the students who were quick at resothiadirst task were also quick at resolving
the second task.

As regards the same pair of tasks in the secorngpdiright), the colour is blue, which
shows that the correlation coefficient is negatiMeus, an opposite relationship applies to the
same tasks in another group, i.e. who was quickeswlving the first task was slow at
resolving the second task.

While the first approach suggests that speed igdatgrmined only by the particular
student, the second approach suggests that itses radt determined exclusively by the
particular task. This issue deserves a more ddtadgamination using a controlled
experiment.

Correlation matrix—group 1 (Spearman) Correlation matrix—group 2 (Spearman)
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Figure 3. Heatmaps of the correlation matrix shawihe correlation between the tasks, a compari$dwm
groups of students of the same age and taughtebgaine teacher. The tasks are arranged in the wal@ein
both heatmaps
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6 Answer to Research Question:

The conclusion may be surprising: The speed actide a particular student is not so
straightforwardly determined by a comparison in Hemse that “student A is faster than
student B”. Some students can solve a particutdkr qaickly and another task slowly, vice
versa

7 Discussion

We have analysed the data obtained during the g&frs of operating GeoTest — an online
system for the assignment of construction geomi@siks and automatic evaluation of the
correctness of their solutions.

We raised a question whether or not the speed athwd student solves tasks is a
property of the individual student. It seems tharé is no dependence between the times
spent on resolving various tasks by the same stud&e supported this statement by
calculating the correlation of individual studentlution times between two groups of
students (from the same school and taught by time ¢aacher). The answer is that a student
resolves some tasks quickly and some slowly (coetper another student).

The data obtained is not the result of a controdigderiment, but it is a result of a
long-term use of the GeoTest system by teacherstaidgnts in schools. Observation is thus
influenced by many factors that we are not abléutly understand. From the data used to
find the answer to our question, we tried to eliansome subjective influences (personality
and teacher preferences, student age and schogl hypgelecting the data. However, the
obtained results cannot be presented as a sufficiegrified. This should be supported by a
controlled experiment.

However, we consider the results interesting andhyoof consideration for further
research, especially since there are not enougbrtypjities to identify the type of tasks that
are more difficult for a student than others dusehool lessons.

8 Conclusion
We have shown that if a student is quick at resghd particular task, this does not mean that
such a student is going to be (relatively) quickeablving another one.

The answers have been obtained by analysing the fdaih the GeoTest system.
GeoTest has been designed in an attempt to finmblathat could, in an attractive way,
encourage geometry teaching, especially the tegaifiplane geometry and spatial geometry
construction tasks, thereby deepening the undelistguof geometric rules.

Using a computer to solve geometric problems affdut student's success. For some,
the need to use software is an obstacle in solWiagiven problem while others are relieved
of their clumsiness in drawing.

For many students, the use of software changetasikesolving strategy by allowing
them to explore more (even wrong) ideas [6]. Butyeover, GeoTest (using GeoGebra tool)
moves them away from a strictly visual assessmekttteocorrectness of their solution to the
solution that satisfies all given geometric relasiomhe key to understanding dynamic
geometry is not the memorization of terminologycpdures, propositions, or proofs. It is
dependencie$7].

We add another perspective to these observations.

References

[1] Jong R., Westerhof K.J. & Creemers B. P. NHomework and student math
achievement in junior high schoolEducational Research and Evaluation, 6 (2000),
130-157.

ISSN 1644-9363 / PLN 15.00 2019 PTGIGI



22 S. Gergelitsova, T. Holan: GEOMETRIC TASKS DIFFICDL.FROM ANOTHER VIEW

2]
[3]
[4]

[5]

[6]

[7]
[8]

GeoGebraGeoGebra [Software]. Available from http://geogebrg/

GeoTest. GeoTest [Software]. Available frortphfgeotest.geometry.cz/EN.
Gergelitsova S. & Holan T.An automatic evaluation of construction geometry
assignments, In: 21st Century Learning for 21st GentSkills LNCS 7563/2012
Berlin, Heidelberg: Springer-Verlag, 447-452.

Gergelitsova S. & Holan .T GeoTest — A system for the automatic evaluation
of geometry-based probler@omputer Applications in Engineering Educatiod(2),
297-304.

Hillel J., Kieran C., Gurtner J-LSolving structured geometric tasks on the computer
The role of feedback in generating strategieducational Studies in Mathematics 20,
(1989), 1-39. Kluwer Academic Publishers.

Stahl G.: Translating EuclidCreating a human-centered mathematiddorgan &
Claypool Publishers.

Van Hiele P. M.:Structure and InsightA theory of Mathematics Education, Academic
press Inc.

TRUDNOSC ZADAN GEOMETRYCZNYCH Z INNEGO PUNKTU

WIDZENIA

Wiedza i umiejtnosci geometryczne as nieztednym warunkiem udanego studiowania
inzynierii w wielu bramzach. Niestety, zdobycie ich jest trudne dla wielodi pocatku, juz

w szkole podstawowej sredniej, naley je wspieré. Oczywistym jestze r&ni uczniowie
potrzebuj réznej ilosci czasu, aby rozwkat to samo zadanie. W pracy autorzy postawili sobie
pytanie, czy szybk@, z jakh uczei rozwiazuje r&ne zadania, jest charakterystygzn
whasciwoscia kazdego ucznia. Przeanalizowano dane uzyskane wgucicgmiu lat
funkcjonowania GeoTest - internetowego systemu daydzielania zada geometrii
konstrukcji i automatycznej oceny poprawaioich rozwizair. Odpowied jest taka: ucze
rozwiazuje niektore zadania szybko, a niektére powolprdwnaniu z innymi uczniami).



