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Abstract. The article reviews the theoretical literature on the issue of the occurrence
and causes of errors in learning, identifies the types of errors. The author analyzes studies
on typical errors made by students when mastering geometric problems. This article
investigates how foreign researchers, including Schleppenbach and others, examine
student errors in classroom settings. A key comparison is made between Chinese and
American teachers, revealing different approaches: American teachers often hide or avoid
discussing student mistakes, while Chinese teachers encourage students to reflect on their
errors conceptually. This reflective process is essential for students to develop a deeper
understanding of the material. Ball emphasizes that teachers should use mistakes as a
learning tool, delving beyond simple "right or wrong" analyses. Newman's error analysis
also plays a crucial role, highlighting stages where students encounter difficulties—
reading, comprehension, transformation, and processing. The study also emphasizes
spatial intelligence, including skills like spatial perception, mental rotation, and
visualization, to assess how students solve geometric problems. Understanding the types
of errors, such as procedural or encoding mistakes, is essential for improving teaching
methods. Furthermore, researchers like Jacobs and Ambrose suggest that teachers can
guide students to think critically about their mistakes, allowing them to correct
misconceptions.
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Introduction

Schleppenbach and others [1] investigated the use of errors in classroom
discussion by comparing the lessons of Chinese and American teachers. They
report that while American teachers tended to avoid and hide student mistakes,
Chinese teachers tended to force students to think about the original question in
conceptual ways. Indeed, repeating the procedure until students realize their
mistakes is a well-known, typical strategy that US teachers have used when dealing
with their students' mistakes in the classroom [2]. Ball emphasizes that teachers
should go beyond the superficial “right or wrong" analysis of tasks. Rather,
teachers should use student mistakes as a window into student understanding,
aiming to help students understand the conceptual basis of their mistakes [3].

Students' mistakes in solving geometric problems are described using
Newman's error analysis. The Newman procedure is a sequential step in
understanding and analyzing when solving a problem. Students face various
obstacles when answering tasks, namely, problems of reading, understanding,
transformation, processing and coding [4]. The identification of students' mistakes
is required as a guideline when choosing suitable learning models and information
technology tools, based on the spatial intelligence of students on geometric
material. Students are not aware of the mistakes made. In addition, students do not
know where the error occurred, so they cannot conduct a reflection to correct the
mistakes made. Therefore, it is necessary to conduct a study to describe the
mistakes of students in solving geometric problems from students' spatial
intelligence perspective [5]. In this vein, spatial intelligence is measured using
indicators, including the ability to determine the vertical and horizontal direction of
an object (spatial perception), the ability to see the movement or displacement of
part of the configuration (visualization), the ability to determine the results of two-
and three-dimensional rotation (mental rotation), to associate the configuration of
an object with another object (spatial relation) and the ability to guess the image of
an object at a certain angle (spatial orientation) [6].
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Materials and methods

The methodological foundation of this study is based on analyzing different
types of errors students make when solving geometric problems. Four main types
of errors have been identified: - perception errors — occur when students struggle to
interpret the problem statement and fail to distinguish essential information from
irrelevant details; - transformation errors — arise when students understand the
problem but cannot correctly determine the sequence of steps needed to solve it; -
procedural errors — occur when students know the correct sequence of steps but
make mistakes in applying the procedure; - encoding errors — appear in the final
stage of solving a geometric problem, where students incorrectly record the final
answer. For example, when calculating the surface area of a prism, they may
miswrite the final result.

The study examines how teachers' understanding of the nature of errors
affects their teaching strategies. Some researchers, such as Jacobs and Ambrose,
suggest guiding students' reasoning to help them recognize and correct their
mistakes. Others, like Shaughnessy, focus on fostering students' critical thinking,
emphasizing that analyzing errors promotes deeper understanding.

Additionally, the study explores common differentiation errors made by
engineering students. The findings indicate that many students struggle with
differentiation due to weak foundational math skills and an over-reliance on rote
memorization. This highlights the need for teaching methods that address
knowledge gaps.

Avoiding mistakes made by researchers

The research also considers the role of teachers in fostering a "positive error
climate." According to Tulis, teachers’ support and the creation of a learning
environment where mistakes are seen as a natural part of education significantly
enhance student learning.

Research shows that one of the most common types of errors is the so-called
"perception errors", which arise due to the fact that students do not have the ability
to interpret questions and apply question processing strategies. With this error, the
error most often occurs when choosing information, and it is difficult for students
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to distinguish between relevant and irrelevant information within the task [7].
Another fairly common type of error is the "transformation error", which occurs
when the student understands the essence of the problem, but cannot determine
the sequence of operations necessary to solve the problem [8]. There are also
procedural errors that occur when a student can determine the sequence of
operations necessary to solve a problem, but makes a mistake when applying the
procedure [9]. And finally, an encoding error is the last type of error that needs to
be identified. This error manifests itself in the last stage of solving a geometric
problem, in which students incorrectly complete the final answer. For example,
when students have to determine the surface area of a prism, with a known base
length and height of the prism, they incorrectly indicate the final answer, making
mistakes when calculating the final result [10].

In cases where a student made a mistake or came to the wrong answer,
teachers' understanding of the basics of mistakes is necessary for the purposes of
learning, which is related to the current understanding of students [11]. Some may
approach the interaction with the student around the wrong answer in order to
help the student correct the mistake [12]. For example, Jacobs and Ambrose
describe a set of deliberate actions to support a student's mathematical reasoning.
On the contrary, others focused on developing students' thinking. As such, Megan
Shaughnessy and others in their work discussed the skills and abilities of teachers
to encourage students to think when a student has the wrong answer. In this case, if
the student's thinking is sufficiently probed, the student is able to recognize the
mistake and reconsider his/her work [13].

Another study presents the results of an analysis of typical (common)
differentiation errors made by electrical engineering students. Possible reasons that
led to common mistakes and misconceptions among students when solving tasks
were identified. The results showed that students often made mistakes when
solving the main derivative formula. Some of them incorrectly differentiated
functions, while others could not remember the derivative of the base function.
Based on this, it was concluded that the errors could have been caused by their
previous poor knowledge of the basics of mathematics and excessive focus on
specific mathematical rules. Thus, this study revealed the causes of errors related to
the quality of previous education or with their tendency to only memorize
mathematical formulas [14]; at the same time, it is not known what role external
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factors contribute to students making those mistakes, for example, gaps in
educational materials or intentional traps in assignments. Berger and Brodie argue
that typical mistakes empower teachers, because such mistakes give them the
opportunity to figure them out without blaming students and themselves [15]."
This approach also contributes to the creation of a favorable (positive) learning
environment. Maria Tulis in her work notes that teachers should be sensitive to
students' mistakes and should create a positive climate of mistakes, which is
determined by the quality of everyday classroom experience in situations of
mistakes. By "positive climate" she means a learning environment with a positive
culture of mistakes, in which students are able to recognize their misconceptions
and, consequently, initiate learning processes. On the contrary, a negative error
management culture, which usually excludes communication and error correction,
occurs when students suspect that their mistakes are evaluated negatively, or when
students expect mistakes to be explained by a lack of skills [16].

Kornell and others conducted a study that directly compared the effect of
creating and not having an error. They compared a condition in which the answer
or goal was simply given to participants without intermediate error generation (no
error condition) with a condition in which participants were asked to guess the
answer first before giving the correct answer (error generation condition). The
experiment was carefully controlled to ensure that the amount of time spent
learning the correct answer was the same under different conditions. Kornell and
his colleagues also excluded from consideration any cases when a person did not
create an error in the error generation condition. The study revealed that in the
final test, participants were significantly better at remembering correct answers
when they made a mistake than when they didn't. Thus, it seems that error
generation is not necessarily bad, and that it should be avoided at all costs. In
reality, error generation seems to promote learning [17].

Discussion

The discussion of the findings highlights several key aspects that influence
the learning process and students' ability to analyze their mistakes independently.
One of the significant results confirms the hypothesis that creating conditions for
error reflection positively impacts education. A study conducted by Kornell and
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colleagues found that students remember correct answers better when they first
make a mistake than when they receive the correct answer immediately. This
suggests that errors are not always negative but can actively contribute to learning.

The role of teaching strategies is crucial. As noted by Berger and Brodie,
analyzing typical mistakes can be a tool for improving educational methodologies.
Understanding the nature of errors allows teachers not only to correct them but
also to predict potential difficulties students may face. Meanwhile, Tulis” research
highlights that the perception of mistakes in the classroom can shape either a
positive or negative learning climate. In the former case, mistakes are seen as a
natural part of learning, while in the latter, they are viewed as indicators of a lack
of knowledge, which can demotivate students.

Finally, the literature review indicates that improving education quality
requires considering students' spatial intelligence. Mental object manipulation,
visualization, and spatial relationships play a crucial role in understanding
geometry. This is supported by studies from Maier and Riastutti, which
demonstrate that spatial intelligence levels directly affect students' ability to solve
geometric problems.

Thus, the analysis suggests the need to revise teaching methodologies,
integrate error reflection practices, and develop students' spatial thinking.

Conclusion

There is a broad consensus that it is important for teachers to be familiar with
their students' ways of thinking about mathematical concepts, both right and
wrong. The study of possible causes of common (typical) mistakes and
misconceptions of students can contribute to the expansion of knowledge and skills
of teachers. The presence of typical errors can create an opportunity for the use of
surveys and personal interviews with students to identify their general tendency of
thinking (and) or external causes of errors, which, in turn, will play a positive role
in improving the knowledge, tools and educational approaches of teachers, and

possibly also for revising the whole learning system [18].
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Recognizing and analyzing student mistakes can enhance teaching strategies.
Creating a positive learning environment where mistakes are viewed as learning
opportunities, as suggested by Berger and Brodie, improves student engagement
and understanding. Mistakes offer insights into student thinking and help teachers
adjust their approaches for better learning outcomes.
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Asum AmmmpOaes

Husamu amoindazor Tawkernm memaekemmix nedazozukarvlk yHueepcumenmi,
Tawkenm, ©30excman

IlleTeaaik 3epTTeymiaepaiH cTyAeHTTepAiH XiOepreH KaTeAikTepiH
0o0aabIpMay >KOHiIHA€Ti XXYMBICTapbIH TaaAay

ABgaTtmia: Makasaga oky OapbICbIHAA KaTeAikTepAiH Iaiija 00ayel MeH ceOemrepi
Typaabl TeOpUAABIK 94eOueTTep KapacThIpbldadbl >KoHe KaTeadiKTepAiH Typaepi
aHbIKTaaaabl. ABTOP CTYAEHTTepAIH TeOMETPUAABIK ecellTepAl MeHTepy KesiHgeri
KiOepeTiH TUIITIK KaTeAiKTepiHe apHaAfaH 3epTreylepai Taajanabl. Makasaga coHAam-aK
OIsenmenbax >keHe OackaJdapbl CHUAKTBI IeTeAAiK 3epTTeyllidepaiH OKyIIblAapAblH
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CBIHBIIITAFbl KaTeAIKTepiH Kaaal 3epTTeNTiHi TaadaHaabl. Herisri caabICThIpy KBITAlABIK
JKoHe aMepUKaHABIK MyraaiMJep apacblHAa KYPrisiail, apTypAal Taciajgep aHbIKTaAaAbl:
aMeplKaAblK My¥FaldimMgep KeDiHece CTyJeHTTep4iH KaTeAiKTepiH >KachIpbIIl, OJAapAbl
TalKblAaydaH ayJaK 0o04aabl, aa KbITallABIK MYFadiMAep CTyAeHTTepAi KaTeAiKTepiH
YVFBIMABIK TYPFBIAQH Olidayfa BIHTaAaHABIpaAbl. bya pedaexcmsri mporjecc cTygeHTTepre
MaTepuaaabl TepeHipeK TYCiHy YIIiH eTe MaHbI3Abl. baaa Mmyraaimaep Kareaikrepai Tek
"AypbICc HeMece KaTe" AeTeH TadjayJdaH ThIC OKY KypaAabl peTiHAe IaiijalaHybl KepeK Jerl
Oaca artaasl. HploMaHHBIH KaTeAikTepAi Taa4aysl 4a MaHBI3ABI pe. aTKapaabl, ©MITKeHi 04
CTyAEHTTepA4iH OKy IHpolleciHie KUbIHABIKTapra Tall 004aThlH Ke3eHJepiH (OKy, TYCiHY,
TYPACHAIPY >KoHe ©OHJey) arall Kopceredi. 3epTTey COHBIMEH KaTap KeHICTIKTiK
MHTeAAeKTKe, OHBIH iIlliHAe KeHiCTIKTiK Kabblaaay, OJillla allHaAABIPY >KoHe BU3YyaAM3aIiyis
CUAKTBI AaFAblAapra Hasap aydapaabl, CTyACHTTePAiH TeOMeTPUSABIK ecenTepai Kadau
IIIelleTiHiH Oarasayra MYMKiHAIK Oepeai. Ilporieaypaaslk Hemece KoATay KaTeAikTepi
CUAKTBI KaTeAiKTepaiH TypAepiH TycCiHy OKBITY 9JiCTepiH >KaKcapTy YIIiH MaHbBI3ABIL
ConbiMeH Katap, AkeikoOC >koHe AMOpPOY3 CHUAKTBL 3epTTeyllidep Myradimaep
CTyAeHTTepre KaTeAiKTepiH CbIH TYPFBICBIHAH OliJayFa KOMEKTeCy KepeK Jell YChbIHaAbl,
Oy oaapablH KaTe TYCiHIKTepiH Ty3eTyre MyMKiHAIK Oepeai.

TyitiH cesaep: TUITIK KaTeaikTep, KaTeaikke OelliM TarlchlpMaJap, KaTeaikrepai
TY3€Ty, CTYACHTTePAiH Ol14aybl, CTYA€HTTepAIH KaTeAiKTepi, YFBIMABIK OKBITY, KeHICTIKTIK
VHTEAAEKT, OKBITY CTpaTernsaiapsl.

AsyM AmmmpOaes

Tawxernmckuti 2ocydapcmeerviii nedazozudeckutl ynusepcumem umernu Husamu,
Tawkenm, Y3bexucman

Anaans pa60T SaPY6E)KHI)IX nuccaeaoBsareaen rno IIpeaoTBpanieHnIo
TUIINMYIHDBIX OI]II/I6OK, coBepmIaeMbIX CTYyA€HTaMI

AnHOTams: B craTthe mponsseseH 0030p TEOPETMUECKON AUTEPATYPHI IO BOIIPOCY
BO3HUKHOBEHIsSI U IPUIMH OIIMOOK B 0OyueHUn, ornpeleleHsl pasHOBMAHOCTY OIIMOOK.
ABTOpPOM IIPOAHAAM3UPOBAHBI MCCAEAOBAaHNMSA O TUIIMYHBIX OIIMOKaX, AOITyCKaeMble
CTyA€HTaMI IIPU OCBOEHUU TeoMeTpudecKnx 3ajad. OCHOBHOe CpaBHEHIE ITPOBOAUTCS
MeXAy KUTAVICKUMM U aMEPUKAHCKUMM IIpeloJaBaTeAsMY, BBIABASA pa3AUIHbBIE
IIOAXOABI: aMepUKaHCKUe IIperoJasaTeAl YacTO M30eralor oOCY>XXAeHNUs OIIMOOK
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CTYAEHTOB AU CKPBIBAIOT MX, B TO BpeM: KaK KMUTaliCKue IperojaBareay II00Yy>KAaioT
CTYA€HTOB Pa3MBIIIAAThH O CBOMX OIINMOKaX KOHIIeIITyaAbHO. DTOT pedpAeKCUBHBIN ITpoliecc
SABASIETCA KAIOYEBBIM A4Sl TOTO, 4TOOBI CTYAeHTHI TAyO>Ke IOHMMaau MaTepuaa. baaa
IogYepKMBaeT, 4TO IperojaBaTeay AOAXKHBI MCIIOAb30BaTh OIIMOKM KaK MHCTPYMEHT
oOy4JeHIs1, BBIXOAs 3a IpeAeAbl MPOCTON AMXOTOMUM "HPaBUABHO MAU HeIIPaBUALHO'.
Anaans ommnodok HpiomaHa Takke MrpaeT Ba’KHYIO pOAb, BblAeAss BTallbl, Ha KOTOPBIX
CTYAEHTBI CTaAKMBAIOTCA C TPYAHOCTAMU — YTeHUe, IIOHMMaHUe, IIpeoOpa3oBaHNe U
oOpaboTka. B mccaegosanum Takke IOJU4epKUBaeTCs 3HauyeHMe ITPOCTPaHCTBEHHOTO
MHTeA/AEKTa, BKAIOYas HaBBIKM IIPOCTPaHCTBEHHOTO BOCHPUATIS, MEHTaAbHONM pOTaluu 1
BU3yaAu3aluy, AAs OLIEHKM TOIO, KaK CTyAEHTHI peIlaloT TeoMeTpudecKue 3ajaull.
ITonnMaHMe TUIIOB OMNMOOK, TAKMX Kak IIpolleAypHble 1AM KOAUPOBOYHbIe, IMeeT BaskHOe
3HayeHue AAs yAydllleHuss MeToaoB oOyuenHus. boaee Toro, mccaegosarean, Takme Kak
Axeiikodoc n AMOpoys, mpeAaaraior, 4ToObl IIpeliojaBaTeAy IIOMOTaAM CTyAeHTaM
KPUTUYECKU OCMBICAMBATh CBOM OIIMOKH, YTO I103BOAsET UM UCHIPaBAATh 3a04yKACHNS.

KaroueBble caoBa: TunmyHele OIMOKM, 3ajaul, IOABep>KeHHbIe OIIMOKaM,
KOppeKIysa OIIMOOK, MBIILAeHNe CTYAeHTOB, OIIMOKM CTYyAeHTOB, KOHIIeNTyaAbHOe
oOyueHne, TPOCTPaHCTBEHHBIN NHTeAAEKT, CTpaTerny perojaBaHms.
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