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Annotatsiya: Mazkur maqolada mutatsion testlash (mutation
testing) texnologiyasining pedagogik talqini berilgan. An’anaviy holda
dasturiy ta’minot muhandisligida test to‘plamining sifatini baholash
uchun qo‘llaniladigan ushbu texnologiyani talabaning o‘quu-bilish
kompetentligini diagnostika qiluvchi vositaga aylantirish imkoniyati
asoslangan. Mutatsion testlashning ikki vazifasi — muhandislik (test
sifatini o‘lchash) va pedagogik (tushunish chuqurligini diagnostika
qilish) vazifalari farqglangan. Talaba yozgan testlar tomonidan
“oldirilgan” mutantlar ulushi (mutation score) talabaning xatolarni
oldindan ko‘ra olish qobiliyati indikatori sifatida talqgin qilingan.
Mutantlar sonini cheklab, ularni keng tarqalgan tushunmouvchiliklarga
bog‘lash pedagogik samarani oshirishi ko‘rsatilgan.

Kalit sozlar: mutatsion testlash, mutant, mutation score, o‘quuv-
bilish kompetentligi, pedagogik diagnostika, tushunish chuqurligi,
coupling effect, test to‘plami sifati.

INEJATOTNYECKAA NTHTEPIIPETAIIUA TEXHOJIOT'UAU
MYTAIIMOHHOT'O TECTUPOBAHHAA: OT ITPOI'PAMMHOTI'O
NHCTPYMEHTA K CPEACTBY INATHOCTUKHA

Annomauua: B cmamve npeonacaemcs — neoa2o2uueckas

uUuHmepnpemauus mexroJiocuu Mymau,uOHHO20 mecmuposaHuA.
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Ob6ocHoBaHA  B803MONCHOCMb  NPeobPA30BAHUS  IMOL  MEeXHOJI02UL,
MPAOUUUOHHO NPUMEHAEMOLU 8 NPOSPAMMHOLU UHNCEHEPUL 0TI OUEHKU
Kauecmea Habopa mecmos, 8 cpedcmseo OuAeHOCMUKU YueOHO-
NO3HABAMENILHOL KoMnemenmuocmu cmyoenma. Paszepanuuenvr oOse
DYHKUUL MYMAUUOHHO20 MeCMUPOBAHUS — UHMCeHepHas (uameperue
Kauecmea mecmos8) u neoaecocuueckas (OuasrHocmurxa  2ayouHbt
nonumarnus). Jlons «ybumovix» mecmamu cmyoeHma MYymaHmos
(mutation score) unmepnpemupyemcsa Kak UHOUKQAMOP chocobHocmu
cmyoeuma npedsudemd owubrku. Ilokazarno, umo oeparuueHue 4YuUcaa
MYMAHMO8 U UX NPUBA3KA K MUNUUHbIM 3A0TYHCOCHUAM NOBLILUAIOM
neoaco2uueckuil aghgperxm.

Knrouesvie criosa: mymauuoHHoe mecmuposarue, Mymanm,
mutation score, YUuebHO-N03HABAMESILHAS KOMNemeHmHOCMb,
nedaco2uueckas  OUQ2HOCMUKQ,  aayOuHa  NOHUMAHUS,  dghghexm

cuenJieHus, Kawecmaeo Habopa mecmoas.

A PEDAGOGICAL INTERPRETATION OF MUTATION
TESTING: FROM A SOFTWARE TOOL TO A DIAGNOSTIC
INSTRUMENT

Abstract: This article proposes a pedagogical interpretation of
mutation testing. It substantiates the possibility of transforming this
technology — traditionally used in software engineering to evaluate test-
suite quality — into an instrument for diagnosing a student’s learning
competency. Two functions of mutation testing are distinguished: the
engineering function (measuring test quality) and the pedagogical
function (diagnosing depth of understanding). The proportion of mutants

“Rilled” by a student’s tests (the mutation score) is interpreted as an
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indicator of the student’s ability to anticipate faults. It is shown that
limiting the number of mutants and linking them to common
misconceptions increases the pedagogical effect.

Keywords: mutation testing, mutant, mutation score, learning
competency, pedagogical diagnostics, depth of understanding, coupling
effect, test-suite quality.

Kirish (Introduction)

Mutatsion testlash — dasturiy ta’minot muhandisligida test
to‘plamining sifatini baholash uchun kodga sun’iy xatolar (mutantlar)
kiritishga asoslangan fault-based texnologiya. Uning nazariy asoslari
DeMillo, Lipton va Sayward tomonidan ilgari surilgan bo‘lib, “coupling
effect” (oddiy xatolarni tutadigan testlar murakkab xatolarni ham
tutadi) tamoyiliga tayanadi (DeMillo, Lipton & Sayward, 1978).
Texnologiya keyingi o‘n yilliklarda yetuklik darajasiga yetdi (Jia &
Harman, 2011).

An’anaviy baholash tizimlari talaba kodining natijasini tekshiradi,
ammo uning tushunish chuqurligini olchamaydi. Shu o‘rinda mutatsion
testlash yangi imkoniyat ochadi: u talaba yozgan testlarning sifatini
o‘lchash orqali bilish chuqurligini bilvosita diagnostika qilishi mumkin.
Tadqiqotning maqsadi — mutatsion testlashning pedagogik talginini
berish, yani wuni dasturly vositadan talabaning o‘quv-bilish
kompetentligini diagnostika qiluvchi vositaga aylantirish imkoniyatini
asoslashdan iborat.

Metodlar (Methods)

Tadqiqotda mutatsion testlash nazariyasi (coupling effect, mutation
score, mutant operatorlari) o‘rganildi; ta’lim sohasida mutatsion tahlilni

qo‘llash bo‘yicha empirik ishlar qiyosiy tahlil qilindi; texnologiyaning
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muhandislik va pedagogik vazifalarini farqglovchi pedagogik talqgin
modeli qurildi (Wrenn & Krishnamurthi, 2024).

Natijalar (Results)

Tahlil natijasida mutatsion testlashning ikki vazifasi farqlandi va
asoslandi.

1) Muhandislik vazifasi: test to‘plami kodlardagi xatolarni
ganchalik tuta olishini o‘lchaydi; bu — texnologiyaning klassik maqsadi.

2) Pedagogik vazifasi: talaba testlari o‘ldirgan mutantlar ulushi
(mutation score) uning xatolarni oldindan ko‘ra olish, mantiqiy tahlil
qilish va tushunish chuqurligi indikatori sifatida talqin qilinadi.

Talabaning testlari ko‘proq mutantni oldirsa, u kodning mumkin
bolgan xato holatlarini chuqurroq tasavvur qilayotgani anglashiladi.
Shuningdek, mutantlar sonini cheklab, har birini keng tarqalgan o‘quv
tushunmovchiligiga bog‘lash talabaning aniq konseptual xatolarini
diagnostika qilishga imkon berishi aniglandi (Wrenn & Krishnamurthi,
2024). Talaba test to‘plami sifatini mutatsion tahlil orqali baholash
empirik tadqgigotlarda ham samarali ekanligi tasdiglangan (ISSTA,
2022). Bundan tashqari, modifikatsiyalangan teskari aloga va o‘qitish
bilan birga mutatsion testlash talabalarning test yozish malakasini
sezilarli oshirishi ko‘rsatilgan (Improving students’ testing skill, 2026).

Muhokama (Discussion)

Pedagogik talqin mutatsion testlashni baho qo‘yish vositasidan
diagnostika vositasiga aylantiradi: u talabaning nimani bilishini emas,
balki kodni qanchalik chuqur tushunishini ko‘rsatadi. Bu
dissertatsiyaning markazly g‘oyasi — texnologiyani o‘quv-bilish
kompetentligini o‘lchovchi i1lmiy asoslangan vositaga aylantirishni

mustahkamlaydi.
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Ayni paytda texnologiyaning ikki muhim cheklovi saqlanadi:
ekvivalent mutantlar muammosi (asl dastur bilan bir xil ishlaydigan,
ammo sintaktik jihatdan farqli mutantlar) va yuqori hisoblash
xarajatlarl (Jia & Harman, 2011). Bu cheklovlar mutatsion testlashni
ta’limda qo‘llashda sun’iy intellekt va avtomatlashtirishni talab qgiladi —
bu masalalar keyingi tadqiqotlarda ko‘rib chiqgiladi.

Xulosa (Conclusion)

Mutatsion testlash texnologiyasi pedagogik talqin orqali talabaning
o‘quv-bilish kompetentligini diagnostika qiluvchi samarali vositaga
aylanishi mumkin. Mutation score talabaning tushunish chuqurligi
indikatori sifatida, mutantlar esa konseptual xatolarni aniqlash vositasi
sifatida xizmat qiladi. Ekvivalent mutantlar va hisoblash xarajatlari
muammosini bartaraf etish texnologiyani ta’limga to‘liq joriy etishning
keyingi sharti bo‘lib qoladi.
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