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Towards Improving Students’ Software Testing Practices using Mod-

ified Mutation Testing

Rifat Sabbir Mansur

(ABSTRACT)

Mutation testing (MT) is a powerful technique for evaluating the quality of software test
suites by introducing small faults, called “mutations,” into code to assess if tests can detect
them. While MT has been extensively applied in the software industry, its use in program-
ming courses faces both computational and pedagogical barriers. My research investigates
the successful integration of MT in a post-CS2 Data Structures and Algorithms (DSA) course
with 3-4 week long programming projects. Through a comprehensive study across multiple
semesters, | investigated three key aspects: the computational demands of MT in an ed-
ucational auto-grading system, the effect of MT on student test suite quality and coding
practices, and the development of a framework for effectively integrating MT in program-
ming courses. Initially, the implementation of standard MT showed mixed results due to
inadequate stock feedback. This prompted me to develop a tailored approach that modified
MT feedback, while also incorporating additional documentation and training materials. I
also observed a noticeable increase (30-50 seconds per submission) in the auto-grader’s pro-
cessing time and feedback turnaround time when using M T, raising concerns about potential
server overload. At the same time, the collection of changes made to the environment and
requirements as part of this intervention led to an overall reduction in the number of sub-
missions per student needed to complete the projects. My findings suggest that students
using modified MT, as a group, demonstrated higher quality test suites and wrote better

solution code compared to students whose test suites were graded on code coverage. This



version of M'T with modified feedback also showed positive results in student understanding
and application of MT principles compared to MT with stock feedback. Analysis of IDE
activity data, code submissions, and 38 semi-structured student interviews led me to provide
a framework for introducing MT as an effective intervention. Thus, my research provides a
framework for effectively integrating MT in programming courses, contributing to improved
student test suite development and offering practical guidelines for instructors introducing

MT in undergraduate Computer Science courses.



Towards Improving Students’ Software Testing Practices using Mod-

ified Mutation Testing

Rifat Sabbir Mansur

(GENERAL AUDIENCE ABSTRACT)

Software plays a crucial role in our daily lives, from the apps on our smartphones to the sys-
tems that control our cars and homes. Ensuring that software works correctly and reliably
is essential to prevent potential harm or inconvenience caused by malfunctions. One way to
ensure software quality is through thorough testing, which involves writing test cases that
check whether the software behaves as expected under various conditions. One advanced
testing technique used in the software industry is mutation testing (MT), which deliberately
introduces small changes (or “mutations”) into working code to see if existing tests can
catch these artificial mistakes. While this technique is powerful, its adoption in program-
ming courses has been challenging due to technical limitations and teaching difficulties. My
research focused on successfully introducing MT in a college-level computer programming
course. I studied how MT could be effectively taught to students while managing the ad-
ditional computational demands it places on the course’s automated grading system. Over
multiple semesters, I developed and refined an approach that made MT more accessible
and beneficial for students. Initially, using standard MT tools proved problematic because
students found the stock feedback difficult to understand. In response, I modified a more
student-friendly version with clear explanations, documentations, and training materials.
While this improved version did require more processing time from the grading system, I

also applied solutions to alleviate computational overload on the course’s automated grading



system, such as allowing students to run MT on their own computers. The results were en-
couraging: students who used modified MT wrote better tests and produced higher quality
code compared to students graded using the previous test suite quality measure (code cover-
age). Following interviews with students and analysis of their coding patterns, I developed
a comprehensive framework for successfully introducing MT in programming courses. Fi-
nally, my research provides practical guidelines for instructors who want to incorporate this
industry-standard testing technique into their teaching, ultimately helping students become
better programmers. My research contributes to the field of Computer Science education by
improving training in testing, helping students create more robust software tests, and pro-

viding instructors with insights into effectively teaching this influential yet complex topic.
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Software testing is a critical component of the software development lifecycle, ensuring the
quality and reliability of software systems [33, 49, 74]. In the context of undergraduate Com-
puter Science Education (CSEd), teaching effective software testing practices is crucial for
equipping students with the necessary skills for their future careers [34, 72]. Mutation testing
(MT) [15], a fault-based testing technique, has emerged as a powerful tool for evaluating
the effectiveness of test suites and improving software quality. In the software industry, M'T
plays a vital role in ensuring software reliability by identifying weaknesses in test suites,

guiding developers towards more comprehensive testing strategies.

Despite the importance of software testing, few Computer Science departments offer dedi-
cated courses on this subject [41, 49, 64]. Instead, many programs incorporate testing educa-
tion within existing programming courses through automated assessment of student-written
test cases. Traditionally, code coverage (CC) has been the primary metric for evaluating test
effectiveness in these settings. CC measures the percentage of code executed during testing,
providing a basic indication of testing thoroughness. However, CC has significant limita-
tions in measuring actual fault detection capabilities and can be manipulated by students

to achieve high coverage without meaningful testing [17].

MT offers a more rigorous approach to assessing test suite quality by systematically intro-
ducing small faults (“mutations”) into the code and evaluating whether the test suite can

detect these changes [15]. While MT has gained popularity in industry [6, 56, 60], its
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adoption in educational settings faces both computational and pedagogical challenges. The
computational cost of MT is significant, as each mutation requires a separate execution of
the test suite, potentially leading to increased processing times and server load issues in
automated grading systems. Additionally, the complexity of existing MT feedback can be
overwhelming for students, requiring careful consideration of how feedback is presented and

interpreted.

My dissertation research investigates the comprehensive integration of MT in undergraduate

CSEd through a series of three studies, each addressing a key aspect of M'T implementation:

00 D00O000O0D 0O0b00ooioo 00 OO boo oo O0ODbooooooon 0ooo

The first study examines the computational implications of integrating MT into an educa-
tional auto-grading system. I investigate the additional processing time required to assess
test suites by MT, the impact of MT on feedback turnaround time (FTT) for both DSA and
other courses running on the auto-grader, and the potential of client-side MT execution to
mitigate server load issues. This study aims to provide concrete guidelines for institutions
considering MT implementation, helping them balance the educational benefits with the

practical constraints of their computational resources.

Research questions associated with this study:

o OO0 How much additional processing time is required for a typical DSA job that
uses MT?

o OO0 What is the impact of using MT in a DSA course on the FTT for DSA projects

within the course, and the FTT for projects in other concurrent courses?

o OO0 Does providing client-side MT execution capability affect the number of sub-

missions students make to the AAT?
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The second study focuses on the impact of MT on student performance in programming
projects. I compare student performance between a semester where students were graded
using CC to assess test suite quality and a semester using MT. I compared test suite quality,
solution code correctness and complexity, and testing behavior patterns. This study assesses
the pedagogical benefits of MT in fostering better testing practices and overall software

development skills.

Research questions associated with this study:

o OO0 How does our introduction of MT impact the quality of student-written test

cases?

o OO0 What is the effect of M'T on the project solution code written by the students?

o OOI! How does our introduction of MT impact students’ behavior in terms of test

case development?

00 D00000 b0 O0onoiot OO 00000ooo o Ootobdbdobt Doobooo

The third study addresses the pedagogical challenges of integrating MT in CS education.
I investigate students’ perceptions and behaviors when using CC, their experiences with
standard MT feedback provided by industry tools, and the development of modified MT
feedback mechanisms tailored for educational contexts. Through multiple semesters of im-
plementation and refinement, supported by student interviews and quantitative analysis,
I develop a comprehensive framework for presenting modified MT feedback in educational
settings. This framework aims to bridge the gap between students’ current understanding
and the sophisticated feedback provided by MT, ultimately improving their testing practices

and understanding.
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Research questions associated with this study:

o JOOI What are students’ perceptions of the value of writing test suites and their

testing behaviors when using CC in programming projects?

o OO0 What are students’ performance and their impressions of using PI'T’s stock MT

feedback for evaluating their test suites?

o OO0 What impact does modified MT feedback and targeted MT instructional re-

sources have on students’ testing perception, practices, and outcomes?

The overarching goal of my research is to provide a comprehensive framework for effectively
integrating MT into undergraduate CS courses, addressing the computational, performative,
and pedagogical challenges associated with its implementation. By investigating these three
interconnected aspects, [ aim to bridge the gap between industry-standard testing practices
and the unique needs of educational settings, ultimately contributing to the improvement of
software testing education and better preparing students for professional software develop-

ment careers.

Through this comprehensive investigation, my dissertation contributes to the field of CSEd
by providing practical guidelines for instructors seeking to incorporate MT into their courses,
a framework for managing the computational demands of MT in educational settings, and

insights into the pedagogical strategies that can maximize the educational benefits of MT.

The outline of my dissertation is as following:

o Chapter 2: I place my work within a broader context by reviewing and linking literature
on the computational cost of running MT, impact of MT as a test quality metric, and

an effective feedback framework for integrating MT.



o Chapter 3 I explore the technical feasibility of M'T integration in educational settings,

identifying potential bottlenecks and mitigation strategies.

o Chapter 4: Building upon the foundation from Chapter 3, I assess the pedagogical
benefits of MT in terms of student performance outcomes and development of testing

skills.

o Chapter 5: T address the challenges using standard MT feedback, proposing a modi-
fied MT feedback and training materials to meet the specific needs of undergraduate

students.

o Chapter 6: I provide a summary of our findings and discuss potential directions for

future research that emerge from the work presented in this dissertation.

000000000 00 00o0oiooonooo
Adhering to the “manuscript” dissertation format, the subsequent chapters incorporate ma-
terial from published or in-progress manuscripts, where I am the primary contributor and

author. I have reorganized certain sections to create a cohesive document.

The papers are:

« Exploring the Bug Investigation Techniques of Intermediate Student Programmers [43]

o Mutating Matters: Analyzing the Influence of Mutation Testing in Programming

Courses [44]
o The Hidden Cost of Mutation Testing on Online Auto-Grader [45]

o Improving Students’ Testing Skill through Mutation Testing with Modified Feedback

and Training (in preparation)
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8deddy iQ bmTTQ i T'"QpB/BM; BM+ 2K2Mi H 722/# +FX

>Qr2p2 -;Q0Q/+Q/2+Qp2 ;2/Q2bMQiM2+2bb "BHvK2 M;QQ/ #BHI
b iBb7B2/ bBKTHvV r?2M i2bib 2t2+mi2 i?2 +Q/2-r?2i?2  Q  MQii?2v
i? 11?22 2t2+mi2/ +Q/2 rQ FbkyQy)R+AMWNVT "iB+mH “- ?B;? ** b+Q 2D
Hr vb +Q "2H i2/rBi?#m;@7 22bQ7ir ekxé&¢®iMBMQRNM@2iB@MBHQM H
b2iiBM;bX //BiBQM HHv- bim/2Mib Q7i2M r'Bi2 6T i?QHQ;B+ HO iz
re2M i? iBbr? ii?2v "2 ;elX/ QM (

Jmi iBQM i2biBM; UJhV Bb M Hi2 M i2 i2 RipKm/Bii2 m HIB QM2 B2b
/2[m +v + BiRBKOMI)- K2 MBM; #2ii2° +Q "2H iBQM rBi? /2i2+iBM; 4
2i HR (2TQ'i2/i? i Jh *2p2 H2//27B+B2M+B2b BM bim/2Mib6 i2biB M
#v **X Jh ;2M2" i2/ 6Kmi Mibo BMi?2 bQHMIiBQM +Q/2 ? p2 #22M 7Qm
7Q° 62 HOjFjmMib (

IM7Q imM i2Hv- Jh Bb +QKTmi iBQX HPHB\D 2t V2 MBBPR7(B+ MiHV /2H v
K2Mi H 722/# +F T°Q+2bbX aT22/v T Q; K 2t2+miBQM KB;?i T 2p2
Qp2 HQ /2/X >Qr2p2 - bim/2Mibd i2bib M/ bQHmMIBQMb 2 ivTB+ H
i?72 /2 /HBWM2YX b “2bmHi- i BMbiBimiBQMb i? i Q772 BM+ 2K2Mi
/2Mi KB;?i K F2 K Mv /Qx2Mb Q7 bm#KBbbBQMb T2  bbB;MK2Mi iQ i
#m biv i 77B+ M2 ‘KK H2ABb ¢ M + mb2 Qp2 "HQ / QM i?2 h b2 p2°|
i72 T°Q+2bb Q7 T°QpB/BM; 7 bi M/ +QMiBMmQmb BM+ 2K2Mi H 722

h?2°2 7 b #22M Km+? "2b2 "+?2 iQ HQr2 i?2 +QKTmi iBQMjK +Qbi Q7
+ i2:Q Bx2/i?2b2 277Q ib BMiQ 6.Q 72r2 -0 "2/m+BM; i?2 MmK#2"
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0.Q 7 bi2 -6 "2/ m+BM; i?2 2t2+miBQM +Qbi BM Qi?2 r vb U2X;X-
1/r “/bej) +QM/m+i2/ +QKT '2?22MbBp2 BMp2biB; iBQM BMiQ i?2 TT
Im+iQ v T°Q;" KKBM; +Qm’ b2bX h?2B" "2b2 +? 2ti2M/2/ iQ +QKT
+Qbi@2772+iBp2M2bb Q7 /Bp2'b2 b2H2+iBp2 Kmi iBQM TT ' Q +?2t
bm 2b Q7 i2bi yXHBA2 pim/v vB2H/2/ bB;MB7B+ Mi 7TBM/BM;, i?2 |
i2+?MB[m2-r?B+? BMpQHp2b i?2 bi® B;?2i7Q r '/ "2KQp H Q7 bi i2K:
2K2 ;21 b i?2 KQbi +Qbi@2772+iBp2 Kmi iBQM@# b2/ i2bi /2[m +\
?B;?@[m HBiv i2bibX E x 7QQmMB 2?7 iHXbBM; irQ T "iB+mH ~ Kmi iB
iQ'b U6_2KQp2 *QM/BiBQM Hbd M/ 6 'Bi?K2iB+ PT2" iQ ' .2H2iBQN
i NKW Q7 i?2 ++m’ +v Q7 i?2 7TmHH b2i Q7 QT2  iQ' b7 QR§i?2 QT2
rBi? QMHV QM2@i2Mi? Q7 i?2 +QKTmi iBQM H +QbiX h?2 7B bi-6_21}
i2biBM; +QM/BiBQM Hbi i2K2Mib-r?BH2i?2b2+QM/-06 Bi?K2iB+ P’
i2biBM; "Bi?K2iB+ QT2 iBQMbX AMKv "'2b2 "+?-A BKiQ2772+iBp
bm#bi MiB HT Q;" KKBM; +Qm b2 M/ bb2bb Bib BKT +i QM i?2 "2b
bvbi2KX

kXk AKT +i Q7 Jmi iBQM h2biBM: b h2bi Zm HE

BM S'Q:° KKBM: *Qm b2b

aQ7ir "2i2biBM; Bb + BiB+ HiQ2p Hm iBM;i?2 +Q "2+iM2bb Q7 +QK
2/m+ iQ'b? p2BM+Q 'TQ i2/bQ7ir "2 i2biBMR3BMIIXi?22bM ¥B2ibHm
2 P2 T QTQb2/i2+?MB[mM2biQ ?2HT bim/2Mi T°Q;  KK2'bBKT ' Qp2i-
PM2 TT'Q +? BbiQ T'QpB/2722/# +FQM i?2 [m HBivVRRBhIN/2Mi@r

# bB+ K2i' B+ 7Q° i2bi bmBi2 Bb Bib MmK#2" Q7 i2bibX g?BH2 b
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/°2rb8Y- :QTBM i? Xi§ HK/ AMQx2Kib2p - My)>ENHIB2bi2 +Q "2H iBC
#2ir22M i2bi bmBi2 bBx2 M/ i2bi b2i +Qp2° ;2- +QMi’ /B+iQ v +QM+
2i H¥)(M/ S T/ FBb 8)-thX(;2biBM; M2;HB;B#H2 +Q "2H iBQMX h
+QKT 2?22MbBp2 2p Hm iBQM Q7 i?2 i2bi bmBi2- A KQp2 #2vQM/ bB
i2bi + b2bX AMDbi2 /- A BKiQ bb2bbi?2[m HBiv M/ 2772+iBp2M2bl

PM2 +QKKQMHV mb2/ K2i B+ 7Q K2 bm BM; i?2[m HBiv Q7 i2bibm
/[2i2 " KBM2b i?2 HBM2b Q7 T QD2+i+Q/2 2t2+mi2/r?2M bim/2Midb iz
Bb7 biiQ+QKTmi2 M/ bmTTQ ibBM+ 2K2Mi H722/# +FUi? i Bb- Bi
BMi?2 T QD2+i HB72 +v+H2VX >Qr2p2 -:;QQ/ +Q/2 +Qp2 ;2 + M #2
Ud+Qp2'BM;8V i?22 +Q/2-"2; "/H2bb Q7 r?2i?2 i?2i2bib +@M7B K i?
jyYy)X h?2°27Q°2-bim/B2b ? p2b?QrMi? i?B;?+Q/2+Qp2 ;2b+Q 2b/
rBi? #m; @7 22 bQ7ir "2- #Qi? BV 2N M QBMI@2 HM¥) iB2QINB MH; b X aQK2
bim/2Mib r'Bi2 6T i?QHQ;B+ HO i2bib iQ +?B2p2 ?B;? +Qp2° ;2 b+
reB+? /272 ibi?2Tm TQdRXQIZQR2RIBMY (Q2b i?Bbi +iB+ mM mT i?2 +
b+Q 2- #mi Bi HbQ ?B/2b i?2 7 +ii? i i?7Qb2 6+Qp2°2/6 HBM2b ? p.
i2bi2/X *Q/2 +Qp2 ;2 + M #2 mb27mH b b+ '22M- #mi b?QmH/ #2
i2+?MB[m2b iQ 2Mbm 2 i?2 277B+ +v Q7 i2bibX

Jmi iBQM MRBDBbEC2M b?2QrM iQ T'QpB/2 KQ'2 "2HB #H2 K2 bm:
2772+iBp2M2bb Q7 bim/2Mibo6 i2bibmBi2b BM /2i2+BakepkdpKibi? M.
HiIQM2M 28 H»Q(2/ i? i Jh +QmH/ mMM+Qp2" /27B+B2M+B2b BM bim
i? ir2°2 MQi B/2MiB7B2/ #v +Q/2 +Qp2° ;2 M HvbBbX Jh ? b #22M
i2+?MB[m27Q 2p Hm iBM; i?2[m HBivQ7i2bibmBi2b M/i?2B" #B}F
M/ h?0p2MQ/@®BQOLEM/ i? i BMD2+iBM; Kmi Mib T°Q/m+2/ bBKBH °
b "2 H7 mHibr?2M 2t2 +Bb2/ rBi? ;2M2" i2/ i2bi bmBi2bX >Qr2p2°
BMb+QT2- +QMbB/2'BM; QMHvV bBM;H2 R-yyy@HBM2 *T°Q;" K M/



Ry +Nzy 7 1Y "7&01 AAHO T 2 1

Kmi Mib rBi?Qmi +QMi QHHBM; 7Q +Q/2 +Qp2 ;2X

M/ 2rb 2i JHKQmM/ i? i Kmi Mib "2 ;QQ/bm#biBimi2 7Q "2 H7 mHi
/IB772 2M+2 #2ir22M i?2 Kmi iBQMb+Q 2 M/ 2 H7 mHi/2i2+iBQM "
? /| HBKBi iBQMb- +QMbB/2 ' BM; QMHvV QM2 * T°Q; K+ HH2/ 6aT +2-
aT +2 ;2MdwBi? 2 H7 mHib-2p Hm iBM; RyW Q7 ;2M2" i2/ Kmi Mib-
7Q°+Q/2 +Qp2° ;2X L KBMRM2EHB +H2(i?BbrQ F M/ 7QmM/ r2 F +(
#2ir22M Kmi iBQM b+Q 2 M/ 2 H 7 mHi /2i2+iBQM 7Q" aT +2- #mi
? M/@b22/2/ 7 mHib BM bK HH2  C p [B)GQmMKMXiTmOjVEIQRAX2(H 7 m
"2 +QmTH2/iQ +QKKQMHvV mb2/ Kmi iBQM QT2 iQ b-rBi? M p2 ;
iQ bBM;H2 2 H7 mHiX h?2v HbQ 7QmM/i? i Kmi Mi/2i2+iBQM Bb T
7 MHi/2i2+iBQM- BM/2T2M/2MiHv Q7 +Q/2 +Qp2° ;2- M/ KQ 2 bi QM
ST/ FBb 2BYHXQMM/ KQ/2  i2@iQ@bi"QM; +Q "2H iBQMb #2ir22M |
7 MHi /2i2+iBQM r?2M i2bi b2i bBx2 r b B;MQ N2 [} 21 BXpM 2-/ ¥ 22M? 27
i72 ?B;?2° 7 mHi /2i2+iBQM Q7 Kmi iBQM®@ /2[m i2 i2bi bmBi2b Bb
bBKTHvV KQ 2 i2bibX

AMi?2 +QMi2tiQ7 *a2/m+ iBQN/BbMIQm222/HXi(bim/2Mibr?Q T "iB+]
KQ 2i2biBM; +iBpBiB2b ivTiB+ HHv ii BM ?B;?2 Qp2 HH b+Q 2b E
> HH M/ " MBkBb7QMmM/ i? i Jh 2M+Qm" ;2/ bim/2Mib iQ r'Bi2 KQ 2
+?2+F KQ 2 +Q/2 #2? pBQ - M/ +iBp2Hv b22F iQ mM/2 bi M/ bT2+
b22Fb iQ 2t KBM2 i?2 BKT +i Q7 BMi'Q/m+BM; Jh QM bim/2Mib6 i2bi
TQbi@*ak H2p2H .a +Qm b2bX

JhBb 7 +BHBi i2/ #v p "BQmb iQQHb-rBi? i?2 KQbi TQTmH ~ QTiBQN
HM;m ;2 #2BMYySADQEY{ M/ ImCIBX KQM; i?2b2- SARRY BBi2biV (
rB/2Hv “2; “/2/ b i?2 KQbi +QKKQMHv mb2/ Jh iQQH- #Qi? BM BM/m
iQ Bib 2ti2MbBp2 bmTTQ i M/ +QKT 2?&MbBp2 /Q+mK2Mi iBQM (
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2H ? v2 M/ /m"QRPBU2MiB7B2/i? 22 /IBbiBM+i T"Q7BH2b i? i + M E
iBOM Q7 JhiQQH, i2 +?BM;- "2b2 “+2- M/ BM/mbi'vX h?2v +QM+Hr
+?QB+2 7Q  BM/mbi'B H M/ i2 +?BM; +QMi2tib-r?2°2 iQQHb b?2Qmt
# H M+2 #2ir22M 277B+B2M+v M/ i?2 K2 MBM;7mHM2bbmQir?22bmHi
MQi2/i? ir?BH2IJmC p T BK BHv TT2 b BM 2b2 "+?2 T QD2+ib- S
P2HQTK2Mi M/i2 +?BM; '2TQbBiQ 'B2b M/ Bb HbQi?2iQQH T rBi?i?
iIQ 2b2 +?X :Bp2M i?2 +QKTH2tBiv Q7 2p Hm iBM; i?2 2772+ib Q7
iQ mb2 /Bp2'b2 > M;2 Q7 JhiQQHb USAh-J DQ'- M/JmD p V BM Kv

AM //BiBQM iQ Kv BMp2biB; iBQM BMiQ i?2 2772+ib Q7 Jh QM bim
2p Hm i2 Bib BKT +i QM i?2 [m HBivQ7 bim/2Mi@r Bii2M bQHmMiBQM
A mb2/ BMbim+iQ @T QpB/2/ "272°2M+2 i2bib b #2M+?K "F 7Q°
bim/2Mibm#KBbbBQMbX 6Q° K2 bm 'BM; +QKTH2tBiv- A "2HB2/ QM J:
K2i" BB9K h?Bb K2i'B+ T'QpB/2b M Q#D2+iBp2 K2 bm 2 Q7 i?2 MmK#!:
T i?brBi?BM T Q; Koéb +QMi QH 7HQr ;- T?X Ai Bb rB/2Hv mb2/ E
MBM/B+ iQ Q7 +Q/2 +QKTH2tIB)X M3 ;i2di ¢ BRIy Q7 +v+HQK iB+ +!
bm;;2bi i? i i?2 +Q/2 Bb KQ 2 +QKTH2t-? /27 iQ mM/2 bi M/- M/ ?
?2HT B/2MiB7v Qp2 Hv +QKTH2t K2i?Q/bi? iK vM22/iQ #2 27 +iQ"
KQ 2 KM ;2 #H2 mMBibX h?Bb K2i B+ Bb mb27mH BM H ;2 +Q/2#
/1"2bbBM; +QKTH2t +Q/2 + M BKT ' Qp2 K BMi BM #BH®BRX M/ “2/m-
+QKT "2i?2 +v+HQK iB+ +QKTH2tBiv Q7 bim/2Mi T°QD2+ib /2p2HQT
+Q/2 +Qp2° ;2 p2°'bmb i?2Qb2 /2p2HQT2/r?2M ;" /2/7Q i2bi bmBi2 K
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kXj 1772+i Q7 JQ/B7B2/ Jmi iBQM h2biBM; BN

KBM; *Qm b2b

Jmi iBQM i2biBM; UJhV Bb TQr2 7mH i2+?MB[m2 7Q 2p Hm iBM; i
BMi2MiBQM HHv BMi"Q/m+BM; 7 mHib UKmi iBQMbV BMiQ i?2 +Q/2
+ M/2i2+ii?2b2 Kmi iBQMbX LmK2 Qmbbim/B2b ? p2 2tTHQ 2/ i?2 2
"2 H7 mHib- rBi? p vBM; +QM+H®bB@WMX i Tmbddj2¥v X 2 H 7 mHi
+QMTH2/iQ i?2 Kmi Mib:2M2" i2/ #v +QKKQMHv mb2/ Kmi iBQM QT2
/2i2+iBQM Bb TQbBiBp2HvV +Q "2H i2/ rBi? "2 H7 mHi /2i2+iBQM- BI
>Qr2p2°- . "M M/ h?0p2NRQ /@BQDQRZ/ i? i i?2B° 7BM/BM;b r2°2 6|
b+QT2- +QMbB/2'BM; QMHvV bBM;H2 R-yyy@HBM2 * T°Q; K M/ 2p
Kmi Mib rBi?Qmi +QMi QHHBM; 7Q" +Q/2 +Qp2" ;2X06

.2bTBi2 Bib 2772+iBp2M2bb-Jh Bb +QKR)mi?2BQM+HWH?RMI2MD BPRB/
iBK2Hv 722/# +F iQ bim/2MibX j&B? g2/ 2THQI2(/ bi® i2;B2b iQ "2/ mH
+QKTmi iBQM H +Qbi- bm+? b 6.Q 72r2 06 U 2/m+BM; i?2 MmK#2  C
6.Q 7 bi2°6 U2/ m+BM; 2t2+miBQM +Qd)i VR nBEMx 2 ?QimivbEB ®li; iHX T2+
Kmi iBQM QT2 iQ b T QpB/2/ #m; /2i2+iBQM i 33W ++m  +v +QK-
QT2 iQ b7 QRYSMBHT QMHVY QM2@i2Mi? Q7 i?2 +QKTmi iBQM H +Qb

Jh 2 b #22M b?QrM iQ #2 p Hm #H2 iQQH 7Q " BKT QpBM; bim/2Mib
#BHBIBRbIXbEQP2-2/i? i 6bim/2Mib r?2Q T “iB+BT i2 BM KQ 2 i2biBN\
ii BM ?B;?2° Qp2  HHb+Q 2bBMH ;2 T'Q; KKBRIDpPQUIDRI®VILXO F
Jh +QmH/ 6mM+Qp2  /27B+B2M+B2b BM bim/2Mibd i2biBM; 277Q " ib
+Qp2° ;2 M HvbBb-6 ?B;?HB;?iBM; i?2 M22/ 7Q" #2ii2" 722/# +F M
> HH M/ " MBKYb7Q@M/ i? i Jh 62M+Qm" ;:2/ bim/2Mib iQ r'Bi2 KQ"?2
+?22+F KQ 2 +Q/2 #2? pBQ - M/ +iBp2Hvb22FiQ mM/2 bi M/ bT2+B7
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T Q;  KKBM;@BMi2MbBp2 +Qm b2b Ubm+? bQm CmMBQ @H2p2H
MMB[mM2 QTTQ imMBiviQ2M? M+2bim/2Mibé mM/2 bi M/BM; M/ T
T°BM+BTH2b /m2iQ i?2H ;2b+QT2Q7i?2T°Q;° KKBM; bbB;:MK2M

1772+iBp2 722/# +FBb + m+B H7Q bim/2Mi H2 "MBM; M/ KQiBp iB
# +F K2+? MBbKb BMi?2b2 +Qm b2b Q7i2M7 HHb?Q iBM //"2bbBM
bim/2MibX > iiB2 M/ RBRTRi2H2Y ( 722/# +F Bb KQbi TQr2 ' 7mH r?2M
7 mHiv BMi2 T 2i iBQMb- MQi iQi HH +F Q7 mM/2 bi M/BM:;X b bi
# +F? bMQ2772+iBM p +mmKciQ #2 TQr2 ' 7mH BM Bib 2772+i-i?2
iQr?B+? 722/# +F Bb // 26922X8M2MTR(K iBp2 722/# +F b 6BM7Q |
KmMB+ i2/iQ i?2 H2 M2 i? i BbBMi2M/2/1iQ KQ/B7v ?Bb Q ?2 i?E
TmM TQb2 Q7 BKT QpBM; H2 "MBM; ;X0 a?2 2KT? bBx2/ i?2 BKTQ" i \
MQIiIBM; i? i Qp2 Hv +QKTH2t 722/# +F + M #2 BM2772+iBp2-r?BH2
i2M/b iQ T°'Q/m+2 BM+°2 b2/ mM/2 bi M/IBM;X 6m i?2°KQ 2-a?mi2 ?
Q7 ;Q H@/B " 2+i2/ 722/# +F- r?B+? 6T QpB/2b H2 "M2 b rBi? BM7Q
iQr */ /2bB 2/:Q HUQ b2iQ7;Q HbV " i?2 i? MT QpB/BM; 722/# -
a?2 2KT? bBx2/i?2 M22/ 7Q b+ 77QH/BM; BM 722/# +F-r?B+? 6KQi
"2H i2/iQ i?2i bF-bBKTHB7B2b i?2i bFiQK F2BiKQ 2K M ;2 #H2
bQK2 /B '2+iBQMiQ ?2HTi?2H2 M2 7Q+mb QM +?B2pBM;i?2;Q H-
#2ir22Mi?2 H2 "M2 6brQ'F M/i?2bi M/ */Q  /2bB 2/ bQHMIiBQM- "2
M/ KQ/2Hb M/ +H2 “Hv /27BM2b i?2 2tT2+i iBQMb U;Q HbV Q7 i?2

r2+F M/ G2;; RpbQ(+B H@+Q;MBiBp2 TT Q +? iQ KQiBp iBQM M/

7° K2rQ'F 7Q° mM/2 bi M/BM; ?Qr /B772 2Mi ivT2b Q7 ;Q Hb BM7
h?2v /IB772 2MiB i2 #2ir22M T2 7Q K M+2 :Q Hb- r?B+? 7Q+mb QM
H2 "MBM; ;Q Hb- r?B+? 2KT? bBx2 i?2 +[mBbBiBQM Q7 M2r bFBHH
i72 mMi?Q b- BM/BpB/m Hb rBi? T2'7Q K M+2 ;Q Hb 2 T'BK 'BHv +:
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Q7 i?2B° #BHBiv- r?B+? + M H2 /iQ 7Bt2/ KBM/b2i M/ 72 Q7 7
rBi? H2 "MBM: ;Q Hb "2KQ 27Q+mb2/ QM BKT QpBM:i?2B" #BHBiv
7Qbi2°BM; ;' Qri? KBM/b2iX



*2 Ti2" ]

*QKTmi iBOM H *Qbi Q7 mMMBI

h?2 BKTH2K2Mi iBQM Q7 Jh BM 2/m+ iBQM H b2iiBM;b T 2b2Mib mN
“2: "/IBM; +QKTmi iBQM H "2bQm +2b M/ bvbi2K T2 ' 7Q K M+2X q?
T2/ ;Q;B+ H#2M27Bib- Bib +QKTmi iBQM H /2K M/b + M TQi2MiB HlI
MiQK i2/ bb2bbK2Mi iQQHb U hV i? i "2+ m+B H7Q T QpB/BM;
/I2MibX AM i?Bb "2b2 "+? A2t KBM2i?2 +QKTmi iBQM HBKTHB+ iBC
TQbi@*ak .a +Qm b2 i0B ;BMB h2+?X h?2 +QKTmi iBQM H /2K M,
#2+ mb2 2 +?2 Kmi iBQM “2[mB 2b b2T " i2 2t2+miBQM Q7 i?2 i2bi |
r?2°2 bim/2Mi bm#KBbbBQMb ivIB+ HHv 2t+22/ Nyy HBM2b Q7 +Q/2
+ b2b-i?Bb +QKTmi iBQM H Qp2 ' ?2 / #2+QK2b T "iB+mH "Hv "2H2p
Kmi iBQMb +QmH/ TQi2MiB HHv 772+i MQi QMHV i?2 bim/2Mib BM i?
BM Qi?2° +Qm'b2b b? "BM; i?2b K2 hBM7 bi'm+im 2X

AM i?Bb +? Ti2 - Ab22F iQ // 2bbi?2 7QHHQIrBM: i? 22 2b2 +? [m
C _ZRX>Qr Km+? //BiBQM H T Q+2bbBM; iBK2 Bb "2[mB 2/ 7Q" |
mb2b Jh\

C _ZkXq? iBbi?2BKT +iQ7 mbBM; Jh BM .a +Qm'b2 QM i?2 6hh 7
rBi?BM i?2 +Qm b2- M/i?26hh7Q T QD2+ibBM Qi?2 +QM+m"

C _ZjX.Q2b T°QpB/BM; +HB2Mi@bB/2 Jh 2t2+miBQM + T #BHBiv
KBbbBQMb bim/2Mib K F2iQ i?2 h\

R8



Re +Nzy 1 kY +iey z Onéza+i nA> éédél
Jv BMp2biB; iBQM 7Q+mb2b QM i?°22 + BiB+ H bT2+ib Q7 Jh BKTH
i?2 //IBiBQM HT Q+2bbBM; iBK2 2[mB 2/ 7Q  Jh@2M #H2/ DQ#b U_
#2+ mb2 HQM;2 T Q+2bbBM; iBK2b +QmH/ TQi2MiB HHvV BKT +ii?2

hX A K2 bm 2 i?Bb #v +QKT "BM; i?2 T'Q+2bbBM; iBK2b Q7 bm#KE
Jh- +QMi"QHHBM; 7Q 7 +iQ b bm+? b +Q/2bBx2 M/ i2bi bmBi2 +Qt

a2+QM/- A BMp2biB; i2 i?2 # Q /2° BKT +i Q7 Jh BKTH2K2Mi iBQM
iBK2 U6hhV +'Qbb #Qi? .a M/ MQM®@.a +Qm'b2b U_ZkVX h?Bb [
BKTQ i Mi #2+ mb2 Qm~ h b2 'p2 - r?B+? QT2 i2b rBi? 7Bp2 +QM
KmHIBTH2 +Qm b2b bBKmHi M2QmbHvX q?2M i?2 b2 p2° "2 +?2b F
bm#KBbbBQMb T2 KBMmi2V- i?2 BKT +i Q7 Jh@ 2H i2/ T ' Q+2bbB
+"Qbb HH +Qm 'b2b mbBM; i?2 bvbi2KX

h?B /- A2tTHQ 2 r?2i?2 T 'QpB/BM; +HB2Mi@bB/2 Jh + T #BHBiB2h
Bbbm2b U_ZjVX "mBH/BM; QM T 2pBQmb 92)b2r?B2? %2 Wi MBBb 22/ H
+Q "2H iBQM #2ir22M i2biBM; 7°2[m2M+v M/ T QD2+i T2 7Q K M+2
HQ+ H Jh 2t2+miBQM +QmH/ "2/m+2 i?2 MmMK#2" Q7 bm#KBbbBQMb |
2/m+ iBQM H #2M27BibX

IM/2 bi M/IBM; i?2b2 +QKTmi iBQM HBKT +ib Bb+ m+B H7Q b2p2°
2/m+ iBQM HDb2iiBM;bX 6B bi M/ 7Q 2KQbi-iBK2Hv 722/# +F TH vb
BM;- b /2KQMbi® i2/ #v T 2pBQIXb 2™ bim(2Mib "2+2Bp2 T QKTi 7
QM i?2B  rQ F- i?2v + M KQ 2 2772+iBp2Hv B/2MiB7v M/ +Q "2+i |
H2 "MBM; Qmi+QK2bX //BiBQM HHv- bvbi2K T2'7Q'K M+2 2?2 b /B":
; ;2K2Mi M/ H2 "MBM; Qmi+QK2bX g?2M bim/2Mib 2tT2°'B2M+2 bB;|
722/# +F- 1i?2B° KQiBp iBQM iQ K F2 7°2[m2Mi bm#KBbbBQMb M/ 2
K2Mi K v /2+°2 b2-TQi2MiB HHv ? KT2 'BM; i?2B " H2 "MBM; T Q+2bl
Kmbi + "27mHHvV +QMbB/2° "2bQm +2 HHQ+ iBQM /2+BbBQMb- bi’
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1?72 2/m+ iBQM H #2M27Bib Q7 /p M+2/i2biBM; i2+?MB[m2b M/ i?2
+QbibX h?Bb# H M+2Bb T 'iB+mH Hv + BiB+ HBM 2/m+ iBQM H 2N\
2bQm +2b "2 b? "2/ + Qbb KmHIBTH2 +Qm ' b2b M/ bim/2MibX

JV K2i?Q/QHQ:v BMpQHpP2b +QKT "BM; b2 p2 T2 7Q K M+2 K2i B+l
rBi?Qmi Jh BKTH2K2Mi iBQM Ur?B+? mb2/ ** BMbi2 /VX

A7Q+mb QM F2v K2i B+b BM+HmMm/BM;,

S'Q+2bbBM; iBK2 T2  bmwaBHbKBIQBI+ 2T 2b2Mib i?2 /m> iBQM "2[m

hiQ +QKTH2i2HvV 2p Hm i2 bBM;H2bim/2Mi bm#KBbbBQMX AM i?2
i72 iIBK2 M22/2/iQ +QKTBH2 i?2 +Q/2- :2M2" i2 Kmi iBOQMb- 2t2+mi2
Kmi iBQM- M/ T 2T “2i?22 722/# +FX

Zm2m2 r Bi iBIKZ2Bb K2i'B+ K2 bm™'2b i?2 /m” iBQM #2ir22M r?2M bn
i?72bvbi2K M/ r?22MBi#2;BMbT Q+2bbBM;X g?2M Qm" " hb2 p2 2tT.
PQHMK2b- M2r bm#KBbbBQMb Kmbir BiBM [m2m2 mMiBH QM2 Q7 i?
p BH #H2X h?Bb K2i'B+ Bb T "iB+mH "Hv BKTQ'i Mi /m"BM; T2 Fr
T QD2+i /2 /THBM2b- r?2M bm#KBbbBQM " i2b + M 2t+22/ jyy T2 K
/IB'2+iHv BKT +ib bim/2Mibé 2tT2°'B2M+2 rBi? i?2 bvbi2K M/ i?2B"
722/# +F QM i?2B  rQ FX

622/# +F im M "QmM/ iBK2h®@BhH2i B+ 2M+QKT bb2b i?2 iQi H /m"
bm#KBbbBQM iQ 722/# +F /2HBp2 v- +QK#BMBM; #Qi? [m2m2r Bi iB
b2 p2b b Kv T BK 'VK2i'B+7Q" bb2bbBM; bvbi2K T2 ' 7Q K M+2 7°Q
Ai 2T 2b2Mibi?2 +im Hr BiiBK2bim/2Mib 2tT2 ' B2M+2r?2M bm#KB
M2irQ F /2H vb M/ # Qrb2  HQ / iBK2b r?B+? p 'v# b2/ QM BM/BpB/
/2 bi M/BM; 6hh Bb + m+B H#2+ mb2 T"QHQM:2/r BiiBK2b + M TQi2
7°QK K FBM; 7°2[m2Mi bm#KBbbBQMb M/ BKT +i i?2B° H2 "MBM; T°
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a2'p2 " HQ / T ii2°Mb /m'BM; T2 F mth?202TRQBR,/b /2b+ " B#2 i?2 i2K
/IBbi'B#miBQM Q7 bm#KBbbBQM pQHmMK2b M/ bvbi2K *2bQm +2 miBl
b?QrBM+'2 b2/ +iBpBivM2 ° bbB;MK2Mi/2 /HBM2b-rBi? bm#KBbb|
T2 KBMmi2/m'BM; T2 FT2'BQ/bX "v M HvxBM;i?2b2 T ii2 ' Mb-r2 +
Jh BKTH2K2Mi iBQM 772+ib bvbi2K T2'7Q 'K M+2 mM/2  p "BQmb H
TQi2MiB H #QiiH2M2+Fb BM i?2 bb2bbK2Mi T'Q+2bbX h?Bb BM7Q
bi® i2;B2b iQ K BMi BM bvbi2K "2bTQMbBp2M2bb r?BH2 T QpB/BM;
JhX

h?Bb BMp2biB; iBQM BKDb iQ T'QpB/2 +QM+"2i2 ;mB/2HBM2b 7Q" B
TH2K2Mi iBQM BM i?2B° T°Q;" KKBM: +Qm b2b- ?22HTBM; i?2K # H |
Q7 Jh rBi? i?2 T> +iB+ H+QMbi  BMib Q7 i?2B  +QKTmi iBQM H ~2b(

iXR J2i?Q/QHQ;vV

JXRXR .2THQVBM; Jmi iBQM h2biBM;

AM Qm> bim/v- r2 /2THQvV2/ KQ/B7B%-p¥ IQFQM @FQ@Wh2 Jh iQQH
KBiB; i2 i?72 +QKTmi iBQM H Qp2°?2 / bbQ+B i2/ rBi? "'mMMBM; Jt
bm#KBbbBQMb-r2 /QTi2/i?2b2H2+iBp2 b2i Q7 Kmi iQdXTPATQbh2/ 7
b2H2+iBp2 Jh TT Q +? BM+Q TQ  i2birQ bT2+B7B+ Kmi iQ b,

CO6_2KQp2*QM/BiBQM Hbdé, h?Bb Kmi iQ™ bvbi2K iB+ HHv "2TH +
BMi?2bQm +2 +Q/2 rBi? 6i m26 M/ 67 Hb26 p Hm2bX

C6 'Bi?K2iB+PT2 iQ .2H2iBQM& U P.V, h?BbKmi iQ Bi2 iBp2H
i iBK2 7°QK 2 +? "Bi?K2iB+ QT2 iBQM T 2b2Mi BM i?2 bQm +



kYSY KY NAzAanl- RN

h #H2 j%R/r "2 bT2+B7B+ iBQM Q7 Qm  QMHBM2 miQ@; /2 - q2#
aT2+B7B+|iBQM .21 BHbDb
PT2 iBM; avbi2K *2MiPad
*Slb irQ Re@+Q 2 kXey :>x/AMi2H
s2QM :QH/ eR9k *Slb
J2KQ v k8e :" _J
S2 bBbi2Mi bilQ ey :"- Ry-yyy SJ>Bi +?B >..b

"v 2KTHQVBM; i?2b2 i ;2i2/ Kmi iQ b-r2 BKiQ bi BF2 # H M+2 #2
i2biBM; M/ +QKTmi iBQM H 277B+B2M+v- 2M #HBM; i?2 T +iB+ H
+ iIBQM H +QMi2tiX

Pm™ bvbi2K “+?Bi2+im 2 7 +BHBi i2b #Qi? HQ+ H M/ miQ@;  /2/3J
HQ+ Hb2imT-r2? p2/2p2HQT2/ M/ /Bbi B#mi2/ M 1+HBTb2 A.1 TH
+Qbi@2772+iBp2 b2H2+iBp2 Jh TT Q +?X h?Bb THmMm;@BM 2M #H2b
Jh /B 2+iHv rBi?BM i?2B  /2p2HQTK2Mi 2MpB QMK2Mi /m BM; i?2 +(
i?72v KB;?i ++2bb **X h?Bb TT Q +?2M? M+2bi?2 +QMp2MB2M+2 Q
Biv M/ HHQrb bim/2Mib iQ [mMmB+FHv B/2MiB7v M/ 2+iB7v +Q/2 Bbb
K BMi BM +QMbBbi2M+v-i?2 THmM;@BM 2KTHQVb i?72b K2irQ Kmi iB!
miQ@; /2°X h?Bb +QMbBbi2M+v 2Mbm 2b i? i bim/2Mib "2+2Bp2 +(
Q7 i?2i2biBM; 2MpB QMK 2MiX

h?Bb HQ+ H i2biBM; + T #BHBiv ? b i?2 TQi2MiB HiQ "2/m+2 i?2 Qp
iQi?2 MiQ@; /2 7Q irQ 2 bQMbX 6B bi- +QMbBbi2Mi mb2 Q7 Jh #
7 bi2" #m; /2i2+iBQM M/ 2bQHmMiBQM- mHiBK i2Hv bi’'2 KHBMBM;
T bbBM; 272 °2M+2 i2bibX a2+QM/- bim/2Mib rQMdéi M22/iQ “2Hv QI
FMQrB7i?2B i2bibmBi2 T'QpB/2b /2[m i2 Kmi iBQM +Qp2" ;2iQ ;2
Q7 ;" /IBM;X

AMQ /2 iQK2 bm 2i?2[m HBivQ7 bim/2Mibdi2bibmBi2 bT iQ7i?
Jh QM 2 +?2 Q7 i?2 bm#KBbbBQMb K /2 #v i?2 bim/2Mib iQ Qm’ q2#@
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Jh 2MpB QMK2Mi H2p2" ;2b i?2 T +22 Mi 7 K2rQ'F7Q  BMBiB iBW
T Q+2bbX T H?2R2BMi (TQTmH > #mBH/ miQK iBQMiQQH i? i+ M #2
i?72 T°"Q+2bb Q7 +QKTBHBM;- i2biBM;- M/ /2THQVBM; bQ7ir "2 T°Q
Bb +QKTH2i2- q2#@* h ;2M2" i2b M/ /BbTH vb i?2 Kmi iBQM 722/#
722/# +F T°QpB/2b BMbB;?ib BMiQ i?2 +Q "2+iM2bb Q7 i?2 bim/2Mi¢
bim/2Midébi2bi bmBi2X b T "iQ7 b2 KH2bb 2tT2'B2M+2-bim/2Mib +
iQ Qm’ g2#@* h miQ@; /2 /B 2+iHv 7°QK i?2B" 1+HBTb2 A.1 pB Q

iXRXk h?2 q2#@* h miQ@: /2"

.m BM; KQbi Q7 i?2 + /2KB+ i2' K- Qm gq2#@* h b2 p2 2tT2 B2M+z
?mM/ 2/b Q7 bim/2Mi mb2 b QM / BHv # bBb-rBi? TT QtBK i2Hv 8-
/| vbX PM "2;mH "/ vb-i?2b2mb2 b ;2M2  i2 M p2 ;2Q7RRbm#KBb
Qmi i?2/ vX h?Bb T ii2M Q7 bim/2Mi bm#KBbbBQMb Bb MQi mMB?7
Bb ?2 pBHv +Hmbi2 2/- 2bT2+B HHv- #27Q 2 bbB;MK2Mi /2 /HBM2
BM; + T +Biv Bb bm77B+B2Mi i? i HQ / 7°QK bm#KBbbBQMb /Q2b M«
iQ bim/2MibX .m"BM; T2 F bm#KBbbBQM T2 'BQ/b +HQb2 iQ bbB;Ml
b2 p2° 2tT2 B2M+2b ?2B;?i2M2/ bm#KBbbBQM " i2- p2  ;BM; jN b
+ M "2+2Bp2 Qp2° k-8yy bm#KBbbBQMb rBi?BM i?2 ?2Qm" H2 /[BM; m
r HH iBK2 M22/2/ 7Q" i?2 q2#@* h b2 ' p2  iQ T'Q+2bb bm#KBbbBQNM
bm#KBbbBQM&6b bBx2 M/ +QKTH2tBiv- ivTB+ HHv ~ M;BM; 7 QK RE
2M+QKT bb2b i?2 2MiB 2 T'Q+2bb Q7 ;2M2" iBM; +QKT 2?22MbBp2 b
+QKTBH iBQM- bi iB+ M HvbBb- "'mMMBM; BMbi'm+iQ @r Bii2M "2
i2bi /2[m +v U2Bi?2 mbBM; Jh Q **VX

h #HX®R?Qrb ? /r "2 bT2+B7B+ iBOQM Q7 Qm g2#@* h QMHBM2 m
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"mMb i?2 *2MiPad QT2 iBM; bvbi2K M/ Bb 2[mBTT2/ rBi? irQ TQr2"
:QH/ eR9k *Slb-2 +? "'mMMBM; i +HQ+FDbT22/ Q7 kXey :>xX h?Bb T
+Q'2b 7Q  277B+B2Mi T ° HH2H T Q+2bbBM; M/ ? M/HBM; Q7 KmHi
2 b bm#bi MiB H KQmMi Q7 K2KQ' v-rBi? k8e :" Q7 _ JXh?Bb HHQr
H “:2/ib2ib M/ bmTTQ i KmHIiBTH2 mb2'b bBKmHi M2QmbHvV rBi?C
#QiiH2M2+Fb KQbi Q7 i?2 iBK2X 6Q T2 'bBbi2Mi biQ" ;2- i?2 b2 'p2
IBbF /"Bp2b U>..bV- 2 +?2 rBi? + T +Biv Q7 eyy :" M/ bTBM/H2bT
h?2b2 ?B;?2@T27Q K M+2 >..b 2Mbm 2 7 bi "2 / M/ r'Bi2 QT2  iBQM
iQbiQ 2// i M/277B+B2Mi ? M/HBM; Q7 mb2  "2[m2bibX

S'BQ iQi?2BKTH2K2Mi iBQM Q7 Jh-i?2q2#@* h bvbi2Koéb ? “/r "2 A
bBbi2MiHv K2ii?2 +QKTmi iBQM H/2K M/b7Q +Q/2 M HvbBb-i2biE
p BQmb +Qm b2bX h?Bb BM7 bi m+im 2 /2KQMbi i2/ "2HB #H2 T
722/# +Fim M "QmM/iBK2U6hhV Q7 8d b2+QM/b-r?B+? 7 HHb rBi?E
H ;2@b+ H2 hbm+? bg2#@* hX

>Qr2p2 - i?2BMi"Q/m+iBQM Q7 +QKTmi iBQM HHvV BMi2MbBp2 Jh i2+
M2+2bbBi i2b i?Q°Qm;? 2p Hm iBQM Q7 i?2 bvbi2Kéb + T +Biv iQ k
HQ /X h?Bb bb2bbK2Mi Bb + m+B H iQ K BMi BM i?2 277B+B2M+v
*hTH i7Q K r?BH2 ++QKKQ/ iBM; i?2 //BiBQM H+QKTmi iBQM H"
JhX h?2 7QHHQIBM; b2+iBQMb rBHH /2i BHQm /i +QHH2+iBQM 7
BKT +i Q7 Jh BKTH2K2Mi iBQM QM bvbi2K T2 7Q K M+2 M/ 6hhX

iXRXj .i +QHH2+iBQM

Pm > bim/v7Q+mb2b QM irQ bT2+B7B+ b2K2bi2 bX .m BM; 6 HH kykF
r2 2 ;" /2/ BMT 'iQM i2bi bmBi2 [m HBiv b K2 bm 2/ #v **X AM i?2 E
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r2? /bQK2 BMBiB H/2THQVK2Mi Q7 JhiQi?2 +Qm b2-BKT Qp2/Qm
B'QM2/ QmibQK2bi 'i@mT T Q#H2Kb rBi? jXKH'@\aBNB Mh kblkoP- ah+iE
rb " QmiBM2HvV /2THQV2/ BM i?2 .a +Qm'b2- M/ i?Bb Bb i?2 b2K2biz

h?2 b?B7i 7°QK ** iQ Jh BMi*Q/m+2b //BiBQM H +QKTmi iBQM H +
> /BM; T°Q+2bbX Jh-r?BH2 T'QpB/BM; KQ 2 +QKT 2?22MbBp2 BMbB
BM?22 2MiHV KQ 2 "2bQm +2@BMi2MbBp2i? M** M HvbBbX h?Bb B
Bb /m2iQ i?2 M22/iQ ;2M2" i2 M/ 2t2+mi2 KmHiBTH2 Kmi i2/ p2 bB
+Q/2 ; BMbii?2B  i2bi bmBi2X AM Qm  bim/v-r2 M Hvx2/ b2 p2  HC
Jh b2K2bi2 b iQ 2p Hm i2 i?2 BKT +i Q7 i° MbBiBQMBM: 7 QK ** iQ .
h?2/ i +QHH2+iBQM T2 BQ/ 2M+QKT bb2/ MOQM@Jh b2K2bi2 U6 HF
mb2/- M/ Jh b2K2bi2  UaT BM; kyk9V 7QHHQrBM; i?2 BKTH2K2Mi iE

hQ 2Mbm 2 i?2 p HB/Biv Q7 Qm ™ +QKT ~ iBp2 M HvbBb-r2bQm;?iic
IB772'BM; T°QD2+i +QKTH2tBiv M/ +QM/BiBQMb QM Qm" + H+mH |
7Q +?QQbBM; i?2 6 HH kykR M/ aT BM; kyk9 +Qm b2b iQ +QKT "2-
T'QD2+i b2ibX "v +QKT 'BM; i?2b2 irQ bT2+B7B+ b2K2bi2 b-r2 BK
pbJh QM b2 p2 " HQ / M/ bBKBH * "2H2p Mi K2i'B+bX

MQi?2° +QM7QmM/BM; 7 +iQ° BM Qm M HvbBb Bb i?2 p "vBM; bir
Jh M/ Jh b2K2bi2 bX g2 Q#b2 p2/ ;2M2  HmTr /i°2M/ BM bim/2M
M BM+ 2 b2 Q#b2 p2/ BM i?2 b2K2bi2 b mbBM; Jh +QKT "2/ iQ i?:
h?Bb BM+ 2 b2 BM i?2 bim/2Mi TQTmH iBQM KB;?i /B 2+iHv i’ MbH
bm#KBbbBQMb iQ Qm’ q2#@* h b2 p2 - r?B+? +QmH/ BKT +i Bib T2
iBK2X

.a bim/2Mi 2M " QHHK2Mi 7Q° 6 HH kykR M/ aT BM: kyk9 b2K2bi2 b
iBp2HvX 6m i?2° M HvbBb Q7 b2 p2  HQ;b "2p2 H2/ bBKBH " T ii2 M



kKYSY KT NAz2Aanl- Kj

h #H2 (XRKT "BbQM Q7 q2#@* h bm#KBbbBQM bi iBbiB+b + Qbb LQM

b2K2bi2 b
LOM@Jh b2K2bi2"

hQi HO Q7 am#KWblbhG Q Mbifi ® n#b¥m#KBbbBQMb WN/2Za@BKBbbBQMb mM/2" GQ /
HH +Qm b2b  kkj8kR NOR3 8X3NW UQ7 HH|bm#bV
Pi?2 *Qm ' b2b RANRS88 3yXR8W eydR 9Xd9 W UQ7 HHQiP2 +Qm b2b
a *Qm bgb 99jee RNX38W 9e3R RyX88W UQ7 HH .a V

Jh a2K2bi2"

hQi HO Q7 am#KWbbGQ MbiH ® #ba¥m#KBbbBQMb WN/Za@@KBbbBQMp mM/2° GQ /
HH +Qm b2b  kjkkRd 3NRR jX39W UQ7 HH bm#bV
Pi?2 *Qm'b2b R338Ry 3RXR3W d83j 9XykW UQ7 HH Qi?2° +Qm b2b\
a *Qm b2b 9jdyd R3X3kW Rjkd iXyOW UQ7 HH Ja V

#2ir22M i?22 irQ b2K2bi2 b X hXoRi2® BM K #¥MHK#2™ Q7 q2#@* h bm#KE
U7 QK HH +Qm b2bV r2 2 kkj-8kR M/ kjk-kRd 7Q° 6 HH kykR M/ &
2T 2b2MiBM; KQ/2biBM+'2 b2 Q7 H2bbi? M OW #2ir22M i?2 irQ b2
+QKT * #H2 q2#@* h bm#KBbbBQM T ii2"Mb + ' Qbb MQM@Jh M/ Jhb
+Qm’ b2 2t?B#BiBM; QMHvV RX8W /B772°2M+2 U99-jee pbX 9j-dyd b
BM bm#KBbbBQM pQHMK2b bmTTQ i Qm /2+BbBQM iQ mb2 i?2b2 ir
/IB/ i2b 7Q° +QKT "BbQM BM Qm" bim/vX

hQ ++m > i2Hv [m MiB7v i?2 //BiBQM H +QKTmi iBQM H +Qbi ii B#
irQ F2v bT2+ib,

Cam#KBbbBQM S°'Q+2bbBM; hBK2, /2i BH2/ M HvbBb Q7 i?2 p2
m i2 BM/BpB/m Hbim/2Mi bm#KBbbBQMb mbBM; ** p2 "bmb Jh-r
TQi2MiB HBM7HmM2M+2b QM T ' Q+2bbBM; iBK2bX

C am#KBbbBQM S Q+2bbBM; hBK2 i GQ /, M bb2bbK2Mi Q7 ?Qr
BKT +i q2#@* hob T°Q+2bbBM; iBK2 r?2M i?2 b2 p2  Bb i HQ /-
+m "2Mi HQ /iQ 2M; ;2 HH T > HH2H rQ F2 b "2bmHiBM; BM it
[m2m2/ U M/ i?mb 2tT2 ' B2M+BM; bQK2 r Bi iBK2VX

Pm* bim/v BM+Q TQ" i2/ /i +QHH2+iBQM 7 QK #Qi? b2 p2 @bB/?2
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Ubim/2Mibd HQ+ HK +?2BM2bV bQm +2bX *QKT 2?22MbBp2HQ:b 7 Q}
+QMi BM2/ 2bb2MiB HBM7Q 'K iBQM bm+? b T'Q+2bbBM; iBK2 M/
bB/2 HQ;b r2 2 +QHH2+i2/ MQi QMHV 7" QK i?2 .a +Qm b2-r?2"2 Jh
7°QK Qi?2° +Qm b2b mbBM; i?2 q2#@* h b2 p2  rBi?Qmi JhX hQ 2bi
b2K2bi2 - r2 mb2/ HQ;b 7° QK i?2 6 HH kykR .a +Qm 'b2-r?B+? mb2/
bm'2X h?Bb T'QpB/2/ # b2HBM2 7Q" +QKT 'BbQM BM Qm"  bm#b2]
kyk9-r2 /2THQV2/ Qm’  Jh BKTH2K2Mi iBQM jYRX RO B#2B BBI a2 -biiBnQ
/2Mi | Ti iBOM iQ Jh BM i?2B" T°QD2+i /2p2HQTK2Mi- r2 T QpB/2/
2bQm +2b M/ imiQ B HbX am#KBbbBQM i? Qm;? i?2 1+HBTb2 THn
.a bim/2Mib /m BM; i?2 Jh b2K2bi2 "X h?Bb 2M? M+2/ Jh BMi2 p2MiE
iBQM Q7 ?B;?@[m HBiv/ i -r?B+?r2 +QMbB/2  bi #H2 M/ bmBi #H?2

hQ +QHH2+i HQ;b 7' QK bim/2Mibd HQ+ HrQ FbT +2b-Qm  1+HBTb2
T2 7Q K2/ JhX h?2b2HQ;b2M #H2 mbiQ i +Fi?27 2[m2M+v ir?B+"
i?2B  i2bibmBi2X aim/2Mib "22M+Qm" ;2/iQ+QM/m+iJh 7 2[m2MiH
iQ 2M? M+2 i?2 [m HBiv Q7 i?2B" i2bibX PM2 Q7 Qm > ?2vTQi?2b2b |
7°2[m2MiHV "mM Jh QM i?2B  HQ+ HK +?BM2rQmH/ 2t2°i H2bb HQ /
i?72v TQbb2bb 7 bi2° M/ KQ'2 +QMp2MB2Mi HQ+ HJhiQQH iQ mb2
bm#KBbbBQMbX hQ i2bi i?Bb ?vTQi?2bBb-r2 +QKT "2 i?2 bm#KBbb
+iBp2Hv "mM Jh HQ+ HHv p2 ' bmb i?7Qb2 r?2Q /Q MQiX

j Xk _2bmHib
Pm> .a +Qm'b2 "2[mB 2b bim/2Mib iQ +QKTH2i2 7Qm" bBx #H2 T (

+QM+2 "M Bb i? i /2THQVBM; Jh KB:?i /2H v 722/# +F iQ .a bim/2Mit
OM i?2 T°QD2+ib i F2b iBK2X b2+QM/ +QM+2 M Bb i? i i?2 +QKTn
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bmTTQ i i?Bb //BiBQM H T°'Q+2bbBM; 7Q" Jh mb2 BM i?2 .a +Qm"|
b2 p2 HQ /7Q° HH bim/2MibX 6’ QK i?2 b2 p2 HQ;b-r2?2QT2iQ /2]
Jh 772+ib T°Q+2bbBM; iBK2 M/ 722/# +Fim M "QmM/ iBK2 U6hhV C
2772+ib QM Qi?2° +Qm b2b-r2 +QHH2+i2/ bBKBH b2 p2  HQ: /i /n

jXkXR _ZR, AKT +i Q7 Jh QM a2'p2  S°'Q+2bbBM: hBK?2

h?Bb b2+iBQM T 2b2Mib ‘2bmHib +QKT BM; i?2 b2 p2  T°Q+2bbBM;
** UMQM@Jh b2K2bi2 'V M/ MQi?2 b2K2bi2  mbBM; Jh UJh b2K2bi:
bBQMb BM Qm  TQbi *ak@H2p2H .a +Qm b2X h?2 /i r b +QHH2+i2
irQ b2K2bi2 b iQ BMp2biB; i2i?2 //BiBQM HT Q+2bbBM; iBK2 BM+
Qm  q2#@* h h b2 p2 X S'Q+2bbBM; iBK2b r2°2 M Hvx2/ #Qi? /m E
/BiBQMb M/ HQ / +QM/BiBQMbX i HQ / +QM/BiBQM- HH p BH #H?
T°Q+2bbBM;X b "2bmHi- BM+QKBM; bm#KBbbBQMb 2 i2KTQ B
r BiBM; i?2B  im "M 7Q T Q+2bbBM:;X

hQ K2 bm 2 i?2 BKT +i Q7 BMi"Q/m+BM; Jh QM i?2 q2#@* h h b2'p
+QKT " iBp2 M HvbBb Q7 p2 ;2 T°Q+2bbBM; iBK2b 7Q " 2p Hm iBM
M/ rBi?Qmi Jh BKTH2K2Mi iBQMX AM i?Bb +QMi2ti- DQ# 2M+QK"
2p Hm iBQM T °Q+2bb 7Q° M BM/BpB/m Hbim/2Miéb bm#KBbbBQM 7

h?2 2p Hm iBOM T Q+2bb +QKT Bb2b KmHiBTH2 bi :2b,

C*QKTBH iBQM Q7 i?2 bm#KBii2/ +Q/2
C 1t2+miBQM Q7 bim/2Mi@r Bii2M i2bi + b2b
C TTHB+ iBQM Q7 JhiQ bb2bbi?2[m HBivQ7 bim/2Mi@ mi?Q 2/

C 1t2+miBQM Q7 BMbi' m+iQ @T QpB/2/ 272 2M+2 i2bi + b2biQ 2
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C ai iB+ +Q/2 M HvbBb
C:2M2° iBQM Q7 /2i BH2/ 722/# +F

C S'2b2Mi iBQM Q7 722/# +FBM ?mK M@ 2 / #H2 7Q K i

hQ 2Mbm 2 "Q#mbi +QKT "BbQM-r2 M Hvx2/ T Q+2bbBM;iBK2b mM
BM+HmM/BM; T2'BQ/b Q7 HQ / MXMU2MRM /¥ BBmMH2 2T 2b2Mi iBC
T Q+2bbBM; iBK2 /Bbi'B#miBQMb 7Q° HH bim/2Mi bm#KBbbBQMb 7 ¢
Jh M/ Jhb2K2bi2 ' b7Q" HHDb2 p2' +QM/BRBDM MXQE UPK BBbiniBbiB +
bB;MB7B+ Mi/B772 2M+2b BM T Q+2bbBM; iBK2b #2ir22M ** M/ Jh
Jh b2K2Dbi2 - r?2M ** r b mb2/- i?2 b2 p2° /2KQMbi i2/ K2/B M T°
Re b2+QM/b 7Q  bim/2Mi bm#KBbbBQMb 7Q° T "iB+mH " .a T QD2
bT MM2/ 7 QK Rjb2+QM/b UZRViQ RN b2+QM/bUZjV-rBi? K2 MT Q

AM +QMi’ bi- bm#KBbbBQMb mbBM; Jh? / MQi #H2 BM+'2 b2 BM T
.a T'QD2+ibX h?2 K2/B M T°Q+2bbBM; iBK2 Qb2 iQ 8y b2+QM/b-
[m "iBH2b ijy M/ 3jb2+QM/b- "2bT2+iBp2HvX h?2K2 MT Q+2bbBM
bm#KBbbBQMb 7Q  i? i.a T QD2+i BM+'2 b2/iQ e9 b2+QM/bX

h?2b2 7BM/BM;b BM/B+ i2 bm#bi MiB H 'Bb2 BM +QKTmi iBQM H
7°QK ** iQ JhX h?2 K2/B M T Q+2bbBM; iBK2 BM+ 2 b2/ #v TT QtBK
K2 M T°Q+2bbBM: iBK2br kkyW BM+'2 b2X h?2b2 "2bmHib BM/B+
+QMbB/2' #HVBM+'2 b2bi?2 T Q+2bbBM;iBK2QMi?2 hb2'p2 mM
"2T°2b2Mib BM+ 2 b2/ HQ / QM i?2 b2 p2 - M/ mHiBK i2HvV BM+ 2 b:

g2 HbQr MiiQ b22B7i?2HQ / +QM/BiBQMb 772XR?202Q 2 bdBM;
+QKT 'BbQM Q7 T'Q+2bbBM; iBK2 /Bbi'B#miBQMb 7Q° HH bim/2Mi
T QD2+i #2ir22M i?2 MQM@Jh M/ Jh b2K2bi2 b- #mi QMHv +QMbB
K /2 /m BM; HQ / +QM/BiBQMbX IM/2  HQ / +QM/BiBQMb- r2 Q#b2 g
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6B;m 2 jXR2 Jh b2K2bi2  2t?B#Bib bi iBbiB+ HHv bB;MB7B+ Mi BM+
99 b2+QM/b Q  kkyWV BM T Q+2bbBM: iBK2 7Q" .a bm#KBbbBQMb
e9 b2+QM/bV- rBi? K2/B M T ' Q+2bbBM; iBK2 Q7 #Qmi 8y b2+QM/

M:2 Q7 T'Q+2bbBM; iBK2b UZR, jy b2+QM/b- Zj, 3] b2+QM/bVX AM -
Jh b2K2bi2° 2?2/ b?Q'i2° K2 M UKy b2+QM/bV M/ b?Q i2° K2/B M UR
T Q+2bbBM;iBK27Q .a bm#KBbbBQMb mbBM:; **- M/ M “"Qr2 " M;.
iBK2b UZR, Rjb2+QM/b- Zj, RN b2+QM/bVX



k3
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6B;m 2 j¥R2M i?2 q2#@* h b2 p2  Bb i HQ /- i?2 T°Q+2bbBM; iBK2 (
bm#KBbbBQMbi F2bbB;MB7B+ MiHVHQM:2 U #Qmi8e b2+QM/b Q" R
Jh UK2 M 3e b2+QM/bV +QKT "2/ iQ mbBM; ** UK2 M jy b2+QM/bVX |
T Q+2bbBM; iBK2 Q7 .a bm#KBbbBQMb mbBM; Jh Bb 3R b2+QM/b rB
Q7 T°Q+2bbBM; iBK2b UZR, 9R b2+QM/b- Zj, RRR b2+QM/bVX AM +(
T Q+2bbBM; iBK2 Q7 .a bm#KBbbBQMb mbBM; ** Bb kj b2+QM/b rBi?
Q7 T'Q+2bbBM; iBK2b UZR, Rd b2+QM/b- Zj, jk b2+QM/bVX
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Q7 kj b2+QM/b-rBi? i?2 7B bi [m "iBH2 i Rd b2+QM/b M/ i?2 i?B"/ |
MQM@Jh b2K2bi2 X h?2 K2 M T°Q+2bbBM: iBK2 /m BM; HQ / +QM/F
rbjyb2+QM/bX AM +QMi" bi-r2 Q#b2 p2/ bB;MB7B+ MiHv ?B;?2 T
bm#KBbbBQMb 7Q° +QKT * #H2 .a T 'QD2+i-rBi? K2/B M Q7 3R b
9R b2+QM/b- M/ i?B'/[m 'iBH2 Q7 RRRb2+QM/b7Q HQ / +QM/BiE
K2 MT ' Q+2bbBM; iBK27Q  .a bm#KBbbBQMb /m 'BM; i?2 Jh b2K2bi

*QKT "BM; i?2 T'Q+2bbBM; iBK2 /m BM; HQ / +QM/BiBQMb-r2 7QmN
T Q+2bbBM; iBK2 /m BM; Jh b2K2bi2  +QKT 2/ iQ MQM@Jh b2K2bi
BM; iBK2 7Q° HQ / +QM/BiBQM /m BM; Jh b2K2bi2 r b R3dW ?B;?2"
** h2K2bi2 X h?2b2 7BM/BM:b bm;;2bii? i i?2 BKT +i Q7 Jh QM T°Q
KTHB7B2/ r?2M i?2 h b2'p2 Bb i HQ /X AM bmKK “v- .a bm#KBb
b2K2bi2 b7 +2 K2/B M@iBK2 6HQ /6 T2M Hiv Q7 bHB;?iHv H2bb i?
b2K2bi2 ' bi?2°2Bb K2/B M@iBK2 6HQ /6 T2M Hiv Q7 #Qmijy b2+(

AM bmKK g2 //°2bb2/ ZR #v +QKT 'BM; i?2 T°'Q+2bbBM; iBK2b #2ir
MQM@Jh b2K2bi2 bX *QMbB/2'BM; HH b2 p2° +QM/BiBQMb- i?2 K2
T QD2+i bm#KBbbBQMb 2t?B#Bi2/ KQ/2 i2BM+'2 b2 Q7 TT QtBK
+QM/BiBQMb-i?2 K2/B M T ' Q+2bbBM; iBK27Q .a T ' QD2+i bm#KBb
BM+'2 b2 Q7 #Qmi83b2+QM/bX h?2b2/B772 2M+2b ?B;?HB;?ii?2t
Qp2°?2 / BM+m "2/ #V BM+Q TQ  iBM; Jh BMiQ i?2 .a +Qm b26b bb

iXkXk _Zk, AKT +i Q7 Jh QM 622/# +F hm M "QmM/ hBK:

aim/2Mib /Q MQi +im HHv + "2 #QmiT Q+2bbBM; iBK2bX q? ii?2v +
Bii F2b iQ "2+2Bp2 722/# +F QM i?2B T QD2+ibX 6 QK i?2 b2 p2° 1
K DQ +QKTQM2Mib iQi?BbiBK2X PM2Bbi?2 T'Q+2bbBM: iBK2-r?B



iy +Nzy 1 kY +hney z Onéza+in AA> é¢é0él
h?2 Qi?2 Bbr BiiBK2 /m2iQ [m2mBM; mM/2  HQ /X g2 + HH i?2 +(
2772+ib 622/# +F hm™ M "QmM/ hBK2 U6hhVX

6B;m>T 2b2Mib +QKT BbQM Q7 6hh K2 bm* 2/ 7Q  /B772 2Mi +Qm’
b2K2bi2 b /m"BM; MQ'K Hb2'p2 QT2 iBQMX 6Q  .a bm#KBbbBQM
7°QK k3 b2+QM/b BM i?2 MQM@Jh b2K2bi2  iQ ed b2+QM/b BM i?2 J
bm#bi MiB HRjNW BM+"2 b2X h?Bb bm;;2bibi? ii?22BMi"Q/m+iBQM
i?2 6hh 7Q° i?2 .a +Qm'b2 /m'BM; MQ'K H b2 'p2° +QM/BiBQMbX //
Kmbi #2 HHQ+ i2/iQ ? M/H2 i?2 BM+'2 b2/ +QKTmi iBQM H “2[mB"
MbBM; Jh- TQi2MiB HHvV ii?2 2tT2Mb2 Q7 bm#KBbbBQMb 7 QK Qi?
TQi?2bBb-r2 +QKT "2/ 6hh K2 bm 2/ 7Q" Qi?2  +Qm b2b + Qbb MQ|
AMi2 2biBM;Hv- i?72 K2 M 6hh 7Q" Qi?2° +Qm 'b2b /2+°2 b2/ #v jkW-
MQM@Jh b2K2bi2 iQ Rd b2+QM/b BM i?2 Jh b2K2bi2 X .B772 2Mi -
*h? p2T QD2+ib rBi? p vBM; bBx2 M/ +QKTH2tBiv- #mi ;2M2" HH
i? M.a T QD2+ibU2p2Mr?2Mi?Qb2 .a T QD2+ibmb2 **VX bi?2 Mn
p B2b 2 +? b2Kb2bi2 - i?Bb ?2HTb iQ 2tTH BM i?2 7Hm+im iBQM BI
+'Qbb irQ b2K2bi2'bX h?2 BKTQ'i Mii?BM; iQ MQi2 ?2°2Bb i? i-r?
+QM/BiBIMBR-/m+BM: Jh BM .a +Qm b2 /Q2b MQi TT2 “iQ M2; iBp?
Qi?2° +Qm'b2b "'mMMBM; QM i®2 b K2 h

h?2 #Qt THQib BMBBQmB22 7m i?2  BMbB;?ib BMiQ i?2 /Bbi ' B#miBQNM
i72 .a +Qm b2 BM i?2 MQM@Jh b2K2bi2 - i?2 K2/B M 6hh Bb HQr2"
+ iBM; °"B;?i@bF2r2/ /Bbi'B#miBQM rBi? bQK2 ?B;?2  6hh p Hm2b °
h?2 #Qt THQi 7Q  i?2 .a +Qm b2 BM i?2 Jh b2K2bi2  b?Qrb ?B;?2°
BMi2 [m “iBH2  M;2 UAZ_V-bm;;2biBM; b?B7iiQr /b HQM;2  6hh
#BHBiv +QKT "2/iQi?2 MQM@Jh b2K2bi2 X h?2 #Qt THQib 7Q" Qi?2
2t?B#Bi HQr2  K2/B Mb M/ bK HH2 AZ _b- BM/B+ iBM; +QMbBbi2Mi
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p B #BHBiv +QKT "2/iQi?2 .a +Qm b2X

6B;mXIQ+mb2b QM i?2 +QKT 'BbQM Q7 6hh #2ir22M i?2 MQM@Jh M
HQ /2/iBK2bX h?Bb K2 Mbi? i bQK2 DQ#b Kmbir BiiQ #2 T°Q+2bb?2,
.a +Qm'b2 BM+'2 b2/ 7°QK 3e b2+QM/b BM i?2 MQM@Jh b2K2bi2" |
b2K2bi2 - M BM+'2 b2 Q7 #Qmi 8y b2+QM/bX h?Bb Bb BM HBM2 rE
BMi'Q/m+iBQM Q7 Jh b22M /m ' BM; MQM@T2 FiBK2bX 6Q  Qi?2" +Qr
bHB;?iHV #v 9W- 7°QK 39 b2+QM/b BM i?2 MQM@Jh b2K2bi2  iQ 3R b
h?Bb 7m i?2 b?Qrbi? imbBM; JhBM .a +Qm'b2? bMQ Q#b2 p #H!
2p2M r?2M i?2 b2 p2  Bb i HQ /X

h?2 #Qt THQib BM$Bpm 2 i? i i?2 K2/B M 6hh 7Q" i?2 .a +Qm b2 B
b2K2bi2  Bb MQiB+2 #Hv ?B;?22  i? MBMi?2 MQM@Jh b2K2bi2 - rBi?
;2 i2° p "B #BHBiv /m'BM; HQ / BM i?2 Jh b2K2bi2 X h?2 #Qt THQ|
bBKBH ~K2/B Mb M/ AZ_bBM #Qi? b2K2bi2 b- bm;;2biBM; i? ii?2 B
KBMBK HBKT +i QM i?2 6hh Q7 MQM®@.a +Qm'b2b /m 'BM; HQ /X

*QKT "BM; i?2 "2bmHib TXQKI6BCMBR2Bb 2pB/2Mi i? i i?2 BMi Q/m+]i
Jh?2/ KQ 2T QMQmMM+2/ BKT +i QM 6hh /m BM; HH b2 p2  +QM/B
+QM/BiBQMX h?2 T2 +2Mi :2 BM+'2 b2 BM K2 M 6hh 7Q" i?2 .a +¢
MQ K H+QM/BiBQMb- +QKT 2/iQ 8eW /m 'BM; HQ /X h?Bb /B772"2
7 +ii? i/m BM; HQ /-i?2 b2 p2 Bb U#v /27BMBiBQMV 2tT2 ' B2M+BN\
DQ#b- M/ i?2 //BiBQM H +QKTmi iBQM H 2[mB 2K2Mib Q7 Jh K v
BKT +i QM i?2 Qp2° HH 6hh bBM+2 MQrr Bi iBK2 TH vb "QH2 BM i?:

Pm> +QKT 2?2MbBp2 M HvbBb Q7 6hh + Qbb MQM@Jh M/ Jh b2K:
BMbB:?ib BMiQ i?2 BKT +i Q7 BMi'Q/m+BM: Jh BM TH +2 Q7 ** 7Q
h2MpB QMK2Mi Ug2#@* hVX h?2 BKTH2K2Mi iBQM Q7 Jh "2bmHi2/



~
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h #H2 jX§22/# +F hm M "QmM/ hBK2 U6hhV K2i'B+b 7Q  .a M/ MQM
+Qm b2b /m BM; Jh M/ MQM@Jh b2K2bi2 b- +QKT "BM; i?2 T2'7Q"
q2#@* h b2 p2  r?2M mM/2  Qp2  HH pbX HQ / +QM/BiBQMbX

6hh Ub2+QM/bV 6ihh Ub2+QM/bV i
a2'p2°- HH *QMABIBOMBQ / *QM/BiBQI

K2 M K2/B M K2 M K2/B M
Jh.a +Qm b2 ed 8 k Rj9 RR3
Jh Qi?2 +Qm b2b Rd R8 3R je
MOQM@Jh .a +Qm k3 k 8 3e jd
MOQM@Jh Qi?2] +Qr8b2b RAd 3] ke

BM 6hh 7Q" i?2 .a +Qm 'b2- rBi? RjNW 'Bb2 /m BM; MQ 'K H b2 p2°
BM+'2 b2 /m BM; HQ / +QM/BiBQMbX *QMi" "viQ BMBiB H +QM+2 M
.a +Qm b2 /B/ MQi bB;MB7B+ MiHv BKT B i?2 T2 7Q K M+2 Q7 Qi

hX PMHv K “;BM HTQ'iBQM Q7 i?2 bm#KBbbBQMb 7 QK Qi?2" +C
BM 6hh /m"BM; HQ / +QM/BiBQMbX h?Bb 7BM/BM; BM/B+ i2b i? i i?
K2+? MBbKb 2772+iBp2Hv KBiB; i2/ TQi2MiB H M2; iBp2 BKT +ib QN

q?BH2 Jh Q772°b 2M? M+2/ i2biBM; + T #BHBiB2b 7Q  .a +Qm b2l
BM+ 2 b2/ 6hh 7Q  i?Qb2 bT2+B7B+ +Qm b2bX " b2/ QM Qm  7BM/B|
ed b2+QM/bU i MQ'K HHQ /V M/ Rj9b2+QM/bU i HQ /V Bb rBi?BM i
722/# +F QM q2#@* hX 6m’i?2 KQ 2-i?2 KBMBK HBKT +i QM Qi?2" +
+ M #2 BKTH2K2Mi2/ BM b2H2+i +Qm b2b rBi?Qmi +QKT QKBbBM: i?
7Q° i?2 #°Q /2 bim/2Mi TQTmH iBQMX u2i BMbi'm+iQ b b?QmH/ #
+QMbB/2 bi’ i2;B2biQ KBiB; i2i?2BM+'2 b2/ 6hh-bm+? b T 2p2Mil
T QpB/BM; Hi2 M iBp2 722/# +F K2+? MBbKb- Q" HHQ+ iBM; //BiB

h?2°2Bb i?B/+QKTQM2MiiQ +im HT2 +2Bp2/ mb2' 722/# +F iBK:
7Q0° DQ# M/ r BiiBK2 /m BM; HQ /VX h?Bb Bb i?2 M2irQ F iBK2-
bm#KBbbBQM iQ "2 +?2 i?2 h- M/ H i2  7Q  i?2 722/# +F iQ i° p2H
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6B;m 2 jX?2 /Bbi'B#miBQM Q7 722/# +Fim'M "QmM/ iBK2b U6hhbV 7¢
"MMMBM; QM g2#@* hBMi?2 MQM@Jh b2K2bi2> UH27iV M/ Jhb2K2bi
Jh b2K2bi2" 2t?B#Bib bB;MB7B+ Mi BM+ 2 b2 BM 722/# +Fim M "Q
Ukd b2+QM/b 7Q  i?72 K2/B MiBK2-Q RjNWV-7Q  .a T°'QD2+ib mbBM
v@ tBb ? b #22M HBKBi2/ iQ eyy b2+QM/b 7Q" #Qi? 7B;m 2b iQ 7 +B
+QKT "BbQMX b "2bmHi- bQK2 QmiHB2 b 2ti2M/ #2vQM/ i?2 pBbB#
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6B;m 2 jXB2 /IBbi B#miBQM Q7 722/# +Fim M "QmM/ iBK2b U6hhbV 7(
"mMMMBM; QM qgq2#@* h i HQ / +QM/BiBQM BM i?2 Jh b2K2bi2®  UH27i
b2K2bi2 U B;?iVX h?2°2Bb bi iBbiB+ HHvbB;MB7B+ MiBM+2 b2 B
BMi?2Jhb2K2bi2 -rBi? M //BiBQM H/2H vQ7 TT QtBK i2Hv 93 b2-
HQM;2 i? Mmbm HVX >Qr2p2 - MQi2i? i QMHvV 9W Q7 bm#KBbbBQMt
6hh /2H vb /m2 iQ HQ /X LQi2, h?2 v@ tBb ? b #22M HBKBi2/ iQ eyy
#Qi?7B;m ' 2biQ 7 +BHBi i2/B ' 2+ipBbm H+QKT "BbQMX b “2bmHi-
#2vQM/ i?2 pBbB#H2 °~ M;2X
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6B;m 2 i [M2M+v Q7 bim/2Mi@BMBIiB i2/ bb2bbK2Mib Q7 i2bi[m HI
HQ+ H 2t2+miBQM Q7 +Q/2 +Qp2" ;2 UMQM®@Jh b2K2bi2 'V M/ Kmi i
b2K2bi2°VX hrB+2 b K Mv i2bi +Qp2° ;2 +?2+Fb r2°'2 K /2 HQ+ HHv
/Im " BM; i?72Jh b2K2bi2 X h?Blp BualbeBs BI®IB-+BWi/B+ iBM; +H2 °

M/ bm#bi MiB Hb?B7i BM bim/2Mi #2? pBQ X

TT2 QM i?2bim/2Midb # Qrb2 T ;2X h?Bbp B2b/2T2M/BM; QM M
#mir2 7BM/i? i i?Bb Bb ivTB+ HHv #Qmi R8 b2+QM/bX h?mb-i?2 Qp
bim/2Mib + M #2 +QMbB/2 2/ iQ #2 M BM+'2 b2 Q7 #Qmi 98 b2+QM.
K2/B M iBK2 iQ "2+2Bp2 722/# +F Q7 #Qmi jy b2+QM/b iQ Jh K2/
b2+QM/bX am#KBiiBM; /I m"BM; #mbv iBK2b rBHH ivTB+ HHv // #Qm

iXkXj _Zj, AKT +i Q7 HQ+ HJh mb2 QM gq2#@* h bm#KB

g2 ? p2 7Q  bQK2 v2 ‘b mb2/ M 1+HBTb2 THmM;@BM iQ K F2 i?2 bim/
A.1iQ #2 b +HQb2 b TQbbB#H2 iQ i? i 2M4QX M2 2T QN /qR#BD* h
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+NZy 1 kY +fney 7z Onéza +h

6B;m 2 [XmmK#2 Q7 bm#KBbbBQMb K /2iQ i?2 q2#@* h#v 2 +? bim/2M
MOQM@Jh b2K2bi2  UH27i #Qt THQiV M/ Jh b2K2bi2® U 'B;?i #Qt THQ
bi iBbiB+ HHvbB;MB7B+ Mi/B772 2M+2 #2ir22Mi?2irQ ;" QmTb-rBi?
b2K2bi2  2t?B#BiBM; ?B;?2 i2M/2M+v iQ balué¢ KB O0:DQLYy2# @ * h U

h?2 MmK#2 Q7 bm#KBbbBQMb K /2#vbim/2MibBM MQM@Jh b2K2bi2"
O9yW ;72 i2  i? M#vi?2B  Jh b2K2bi2> +QmMi2 T "ibX
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THM;@BM iQ bmTTQ i Jhr?2M i?2 Jh "2[mB 2K2Mir b BMi"Q/m+2/X
i?7 11?72 #BHBiviQ mMJhHQ+ HHvVvIBHH 2/ m+2i?2 MmK#2 Q7 iBK2
T'QD2+i iQ q2#@* hX hQ 7m i?2  BMp2biB; i2 r?2i?2  T'QpB/BM; +
K2i?Q/ 772+ib i?2 MmK#2> Q7 bm#KBbbBQMb bim/2Mib K F2 iQ q2#
HQ;b 7 QK irQ b2K2bi2 b- 6 HH kykR UMQM@JhV M/ aT BM; kyk9 L
F2v K2i ' B+b, i?2 MmK#2 Q7 HQ+ H i2bi2p2MiH mM+?2b #v bim/2Mi
bm#KBbbBQMb K /2 iQ i?2 q2#@* h b2 'p2  7Q° bBM;H2 T'QD2+iX

h?2 +QKT "BbQM Q7 HQ+ H i2bi H mM+?22b #2ir22M i?2 MQM@Jh N
bB;MB7B+ Mi BM+'2 b2 BM i?2 MmK#2 Q7 iBK2b bim/2Mib 2t2+mi2
BMi"Q/m+2/X AM i?2 MQM@Jh b2K2bi2 - i?2 K2 M MmK#2"> Q7 HQ+
r b R3R Ua. 4 RReX9RV-rBi? K2/B M Q7 R&& h 212 KENVBKIvh & BV m K2 2°
Q7 H mM+2?2br by- M/i?2 K tBKmKr b RyRRX h?2 BMi2 [m “iBH2"
rBi? i?2 k8i? T2 +2MiBH2 i Ryy M/ i?2 d8i? T2 +2MiBH2 i kjNX

AM +QMi’ bi- /m BM: i?2 Jh b2K2bi2 - i?2 K2 M MmK#2' Q7 HQ+ H i
BM+ 2 b2/ iQ jeN Ua. 4 RddXNdV- "2T ' 2b2MiBM; Ry9W BM+ 2 b2
b2K2bi2 "X h?2 K2/B Mp Hm2r b jeR- M/ i?2 AZ_r b Ne-rBi? i?2 k8
M/ 1?22 d8i? T2 +2MiBH2 i 9yyX h?2 KBMBKmMK MmK#2" Q7 H mM+?2
K tBKmKBM+ 2 b2/iQ RddjX

h?2b2 “2bmHib bm;;2bi i? i i?2 BMi'Q/m+iBQM Q7 Jh BM i?2 Jh b2K
BKT +i QM bim/2Mib6 HQ+ H i2biBM; #2? pBQ X h?2 ?B;?2 K2 M |
i? i bim/2Mib r2°2 KQ 2 2M; ;2/ BM "mMMBM; i2bib HQ+ HHv r?2M .
BM+'2 b2/ HQ+ H i2biBM; +iBpBiv +QmH/ #2 ii B#mi2/ iQ i?2 2M?
Jh-r1?B+? 2M+Qm" ;2b bim/2Mib iQ /2p2HQT KQ 2 "Q#mbi i2bi + b2b
BMi?2B" +Q/2X



j3 +Nzy 1 kY +iiey z Onéza+i nA" éedél
h?2 M HvbBb Q7 bim/2Mi bm#KBbbBQMb iQ i?2 q2#@* h b2 'p2° 7Q"
IB772 2Mi i'2M/ +QKT "2/ iQ i?2 HQ+ H i2bi H mM+22bX 6Q  Qm" /
bim/2Mi ;"QmTb r?2Q b+Q 2/ x2°Q QM i?2 T°QD2+i b+Q ' 2X AM i?2 M
MmMK#2 Q7 bm#KBbbBQMb T2 bim/2Mir b j8 Ua. 4 j8X9dV-rBi? K
6B;m@¥ h?2 KBMBKmMK MmK#2 Q7 bm#KBbbBQMb r b j- M/ i?2 K tE
AZ r bkN-rBi? i?2k8i? T2 +2MiBH2 i R9 M/i?2 d8i? T2 +2MiBH2

.M BM; i?2 Jh b2K2bi2 - i?2 K2 M MmK#2 Q7 bm#KBbbBQMb T2  bim
4 kkX8eV-BM/B+ iBM; “2/m+iBQMBM i?2 MmK#2 Q7 iBK2b bim/2Mi
q2#@* h b2 p2 X h?2 K2/B M p Hm2r b ky- M/ i?2 AZ_r b k8- rBi? i’
i Ry M/ i?2 d8i? T2 +2MiBH2 ij8X h?2 KBMBKmK MmK#2" Q7 bm#|
r?BH2 i?2 K tBKmK /2+°2 b2/iQ RdANX

hQ /2i2 ' KBM2 i?2 bi iBbiB+ HbB;MB7B+ M+2 Q7 i?2 Q#b2 p2/ /B77
bBQMb #2ir22M i?2 irQ b2K2bi2 b-r2 +QM/m+i2/ J MM@qg?BiM2v |
b?Qr@/value=<< 0.05- BM/B+ iBM; bB;MB7B+ Mi/B772 2M+2 #2ir22M i
b2K2bi2 bX

h?2/2+°2 b2 BM q2#@* h bm#KBbbBQMb /m BM; i?2 Jh b2K2bi2 bm;
KQ 2 +QM7B/2Mi BM i?2B" +Q/2 [m HBiv #27Q 2 bm#KBiiBM; iQ i?2
HBF2Hv 2M+Qm" ;2/ bim/2Mib iQ i?Q Qm;?Hv i2bi M/ "27BM2 i?2B
M22/ 7Q  KmHiBTH2 bm#KBbbBQMb iQ i?2 q2#@* h b2 p2 X h?2 2M7
7 +BHBi i2/ #v Jh- KB;?i ? p2 ?2HT2/ bim/2Mib B/2MiB7v M/ 2bQHp
72r2° Bi2' iBQMb M/ bm#KBbbBQMb iQ i?2 hX

Ai Bb BKTQ'i Mi iQ MQi2 i? i r?BH2 i?2 /2+ 2 b2 BM g2#@* h bm#K
b22K +QmMi2 @BMimBiBp2- Bi HB;MbrBi?i?2:Q HQ7 T QKQiBM; #
i?72 "2HB M+2 QM i?2 h 7Q  /2#m;;BM; Tm TQb2bX h?2 BM+'2 b2/
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2pB/2M+2/ #v i?2 ?B;?2 MmK#2 Q7 HQ+ H i2bi H mM+?2b- BM/B+
T Q +iBp2 BM i2biBM; M/ "27BMBM; i?2B" +Q/2 #27Q 2 bm#KBiiBM;
h?2 mb2 Q7 Jh HbQ 2M+Qm"™ ;2/+Q/2rBi? HQr2  +v+HQK IB+ +QKTH
reB+? BMim M KB;?i? p2 772+i2/i?2 MmK#2 Q7 bm#KBbbBQMb M2

h?2b2 7BM/BM;b T ' QpB/2 p Hm #H2 BMbB;?ib BMiQ i?2 BKT +i Q7 |
i2biBM; #2? pBQ' M/ bm#KBbbBQM T ii2"MbX h?2 BM+ 2 b2/ HQ+ F
q2#@* h bm#KBbbBQMb /m " BM; i?2 Jh b2K2bi2  bm;;2bii? i Jh 2M+Q
HQ+ H i2biBM; M/ “2/m+2b i?2 M22/ 7Q° KmHiIiBTH2 bm#KBbbBQMt
?B;?HB;?i 1?2 TQi2MiB H #2M27Bib Q7 BM+Q TQ iBM; Jh BM TQbi
#2ii2° i2biBM; T® +iB+2b M/ +Q/2 [m HBiv KQM; bim/2MibX

iXj ai i@mT S Q#H2KD

h?2 "2bmHib BMX&X¥2BR@BIi2 TQbBiBp2-BMi? ii?2v b?Qri? ii?2 2r |
BKT +i QM Qp2° HH b2'p2° HQ /b Q' 722/# +F im"M@ "QmM/ iBK2b
BKTQb2/ #v i?2 BMi Q/m+iBQM Q7 JhX >Qr2p2 - r2 Kmbi TQBMi Qr
+QHH2+i2/ BM i?2 aT BM; kyk9 b2K2bi2 - r?B+? r b +im HHv Qm~
Q7 Jh iQi?2 .a +Qm b2X 7i2° bQK2 BMBiB H i2biBM; BM 2 "HB2" |
[I2THQVK2Mi Q7 Jhr b +im HHv BM i?2 6 HH kykj b2K2bi2 X

.m BM; i?Bb BMBiB H /2THQVK2Mi- r2 2M+QmMi2 2/ b2p2 2 T Q#H?2
K v+ mb2Q7i?Bb TT2 'biQ? p2 #22M #mbBp2 Qp2 @mb2 Q7 bm#
.a bim/2Mib- r?Q K /2 K Mv bm#KBbbBQMb Q7 2bb2MiB HHv i?2 b K
BM b?Q iT2'BQ/ Q7 iBK2X h?2°2Bb MQ T2/ ;Q;B+ HQ i2+?MB+ H
BM/B+ i2b 7 BHM 2iQ T'QT2 Hv i2bi- bb2bb- M/ /2#m; i?2 T°Q;"
MQK2MQM- M/ M2+/Qi H2pB/2M+2 bm;;2bibi? ii?2 2 KB:?i? p2 #:



9y +Nzy 1 kY +hney 2z Onéza+n AA> éédél
b2 p2> bHQr/QrMb BM T°'BQ b2K2bi2 b /m"BM; T2 Fbm#KBbbBQM iE
rBi? i?2 mb2 Q7 Jh-bm//2M bm ;2b Q7 bm#KBbbBQMb M2 ~ /2 /HBM2

g2 2M/2/ mT rBi? irQ bQHmMiBQMb iQ i?Bb T Q#H2KX h?2 7B bir biQ B
bm#KBbbBQOQMRMD Bb TQHB+vi? i 2bb2MiB HHv HBKBib bim/2Mib
i?2B T 'QD2+irBi?BM MvQM2@?Qm iBK2T2'BQ/X AMi'Q/m+iBQM
i?72 +QM;2biBQM Bbbm2bX

h?2 b2+QM/ bQHMIBQM +QK2b 7°QK "2+Q:MBiBQM i? i- 2p2M BM i?2
bBQMb- i?2 b2 p2  b?2QmH/ ? p2 #22M #2ii2° #H2iQ ? M/H2 i?2 HQ
i? i i?2 bm#KBbbBQM bm ;2 2tTQb2/r2 FM2bb2b BM i?2 b+?2/mHBM

g2 ? p2 bBM+2 BKTH2K2Mi2/ UBM 6 HH kyk9V i?2 >B:?2bi _2bTQMb2 _
BM; H;Q Bi?KBMTH +2Q7i?22T 2pBQmbHvmb2/ 6B bi@AM@6B bi
MQM@T 22KTiBp2- QTiBK H H;Q 'Bi?Ki? i+ H+mH i2b '2bTQMb2"
#Qi? r BiBM; iBK2 M/ #m bi iBK2X h?2 "2bTQMb2 " iBQ Bb +QKTmi?2

_ 9. BiBM; hBKR bi hBK2
~2bTQMb2= 48R "m bi hBK?2

UjXRV

"v T'BQ BiBxBM; i bFb rBi? ?B;?2" "2bTQMb2 " iBQb->__L 2Mbm 2k
/2H vb 7Q  b?Qi2 i bFb- M/ KBMBKBxXx2b i?2 +QMpQvV 2772+iX AM i
K2 Mbi? ibim/2Mi bm#KBbbBQMb rBi? b?Q"i2" 2biBK i2/ T'Q+2bbBM
#22M 1 BiBM; HQM;2 rBHH #2 ;Bp2M ?B;?2  T'BQ Biv- 2772+iBp2Hv

q?BH2 /2THQVBM; >_ L ? b HBF2Hv BKT Qp2/ b+?2/mHBM; 7Q" i?2
i?Bb /2THQVKRIQi vBiM TH +2 /m BM; aT ' BM; kyk9- i?2 b2K2bi2" r?21
r2°2 +QHH2+i2/X AM Qi?2  rQ /b- bm#KBbbBQM 2M2 ;v HQM2 im M,
i72 +QM;2biBQM T Q#H2KbX >Qr2p2°-r2 7BM/ Bi BMbi'm+iBp2 iQ M
2tTQb2 p "BQmb r2 FM2bb2b BM #Qi? i2+?MB+ H M/ TQHB+v bT2+i
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Qm > pB2r- Jh /B/ME2; iBp2 BKT +ib QM i?2 R2TERb X/ Q#iHRIK iB +

bBim iBQMbi? ir2 2T 2pBQmbHVBMTH +2UQM2 TQHB+vBbbm2-
i2Qb2 BKT Qp2/ b2 p2 T2 7Q°K M+2 b +QKT "2/iQ T BQ  b2K2bi2 b
Jh BM 2772+iX ; BM-r2 MQi2 i? i MQM@.a 6hhr b 2/ m+2/ BM i?2 .
BM/B+ i2b i? i BMi"Q/m+iBQM Q7 bm#KBbbBQM 2M2" ;v BM i?2 .a +
BKT +ii? Mi?2BMi"Q/m+iBQM Q7 Jh?/ M2; iBp2 BKT +i QM HQ /X

jX9 .Bb+mbbBQM

h?2 “2bmHib Q7 i?Bb bim/v T QpB/2p Hm #H2 BMbB;?ib BMiQ i?2 BK
TQbi *ak@H2p2H H “;2 .a +Qm b2X h?2 7BM/BM;b b?2/ HB;?i QM i?:
BM+m "2/ #v Jh QM i?2 q2#@* h h b2 'p2°-i?2 2772+i Q7 Jh QM 72
iBK2 U6hhV- M/i?2 BM7HM2M+2 Q7 T'QpB/BM; +HB2Mi@bB/2 Jh 2
bm#KBbbBQM #2? pBQ X

jX9XR _ZR, //BiBQM H S Q+2bbBM; hBK2 /m2 iQ Jh

h?2 M HvbBb Q7 b2 p2  HQ;b 7' QK i?2 MQM@Jh M/ Jhb2K2bi2 b "2y
Q7 Jh bB;MB7B+ MiHv BM+ 2 b2b i?2 T'Q+2bbBM; iBK2 Q7 .a T QD
*h hb2p2 X IM/2° MQ'K H HQ / +QM/BiBQMb- i?2 K2/B M T Q+2
#v j9 b2+QM/b- M/ i?2 K2 M T°Q+2bbBM; iBK2 BM+ 2 b2/ #v 99 b2+
+QKT "2/ iQ i?2 MQM@Jh b2K2bi2 X h?Bb bm#bi MiB H BM+ 2 b2
iiB#mi2/ iQ i?2 +QKTmi iBQM H +QKTH2tBiv Q7 :2M2" iBM; M/ 2
"2[mB 2b //BiBQM H b2 p2  "2bQm +2bX

h?2 BKT +iQ7 Jh QM T Q+2bbBM; iBK2Q7 .a T QD2+i bm#KBbbBQ]



9k +Nzy 1 kY +hney z Onéza+in AA> é¢é0él
r?2mMmg2#@* h b2 p2 Bb iHQ / +QM/BiBQMbX .m BM; HQ / +QM/BiB
iBK2 BM+°2 b2/ #v 83 b2+QM/b- M/ i?2 K2 M T°'Q+2bbBM; iBK2 BM
i?72 Jh b2K2bi2® +QKT “2/iQ i?2 MQM@Jh b2K2bi2 X h?Bb KTHBT7E
i?72 b2°p2°6b T2°7Q°'K M+2 Bb KQ 2 b2MbBiBp2 iQ i?72 +QKTmi iBQM
H2 /v? M/IHBM; 2?B;? pQHmMK2 Q7 +QM+m "2Mi DQ#bX

jX9Xk _Zk, AKT +i Q7 Jh QM 622/# +F hm M "QmM/ hBK:

M BKTQ i Mi +QMbB/2" iBQM BM Qm" M HvbBb Bb i?2 TQi2MiB H
T Q+2bbBM; iBK2b Q7 .a T QD2+i bm#KBbbBQMb QM i?2 Qp2" HH 2
q2#@* h b2 ' p2 X GQM;2 T ' Q+2bbBM; iBK2b 7' QK QM2 +Qm b2 KB;?
“2bmHIBM; BM /2H v2/ 722/# +F +v+H2b- +QKT QKBbBM: i?2 H2 “MB

h?2 M HvbBb Q7 722/# +Fim M "QmM/iBK2 U6hhV "2p2 Hb i? ii?2 I
bB;MB7B+ Mi BKT +i QM i?2 iBK2 Bii F2b 7Q " bim/2Mib BM i?2 .a +
QM i?2B  bm#KBbbBQMbX .m BM; MQ K H b2 'p2° +QM/BiBQMb- i?2
BM+'2 b2/ mT iQ Rj9 b2+QM/b BM i?2 Jh b2K2bi2  +QKT “2/iQ 3e b
b2K2bi2 X h?Bb bm#bi MiB H BM+"2 b2 BM 6hh + M #2 ii ' B#mi2/ iQ
iBK2 "2[mB 2/ 7Q  Jh- b /Bb+mbb2/ BM _ZRX Hi?Qm;? i?Bb BM+"2
6hh BM i?2 T'2b2M+2 Q7 "'mMMBM; Jh 7 HHb BM i?2 iQH2" #H2  M;
;2iiBM; ?B;?2  [m HBiv 722/# +FX q?2M +QMbB/2 BM; i?2 iBK2 2[m
T ;2biQi?2mb2 -i?2K2/B MiBK2:Q2b 7 QK #Qmi Ryyb2+QM/biQ
Bb MQiB+2 #H2 #mi MMHBF2HV iQ ? p2 K DQ T2/ ;Q;B+ HBKT +i-
‘MM Jh HQ+ HHv 7Q  [mB+F2" 722/# +EX

AMi2 2biBM;Hv- 1?2 BKT +i Q7 Jh QM 6hh p "B2b #2ir22M i?2 .a +Qn
g?BH2i?2 .a +Qm b22tT2 ' B2M+2/bB;MB7B+ MiBM+ 2 b2b BM 6hh |



kY:Y /O « Oné 9j

+QM/BiBQMb- Qi?2 +Qm b2b /B/ MQi 2tT2 ' B2M+2 Mv BM+ 2 b2 BM ¢
b2 'p2° QT2 iBQMX g2 Q#b2'p2 bK HH TQ iBQM U9WV Q7 i?2 bim/
+Qm b2b 2tT2 ' B2M+2 HQM:2  6hh BM i?2 Jh b2K2bi2 X

jX9Xj _Zj, AKT +i Q7 *HB2Mi@aB/2 Jh QM aim/2Mi am#K
? pBQ°

h?2 M HvbBb Q7 HQ+ HJh mb ;2 M/ q2#@* h bm#KBbbBQMb b?Qrb
i72 Jh THM;@BM- bim/2Mib "mM i?2B  i2bi + b2b KQ 2 7°2[m2MiHv m
QMHV **X aim/2Mib MQi QMHvV BKT Qp2/i?2B  i2bi bmBi2b- #mi HbQ
i72B° +Q/2X h?Bb 7BM/BM; bm:;2bib i? ii?2 p BH #BHBiv Q7 +HB2
+ MBM7HM2M+2 bim/2Mibd bm#KBbbBQM #2? pBQ X

"v T°QpB/BM; bim/2Mib rBi? i?2 #BHBiviQ mMMJhHQ+ HHv-i?2v + |
QM i?2 [m HBiv Q7 i?2B" i2bi + b2b M/ i?2 "Q#mbiM2bb Q7 i?2B" A
HQQT 2M+Qm" ;2b bim/2Mib iQ "27BM2 i?2B" +Q/2 M/ i2bi + b2b #2
TQi2MiB HHv "2/m+BM; i?2 MmK#2 Q7 Bi2  iBQMb M22/2/iQ +?B2p

h?2 +QKT "BbQM Q7 bim/2Mi #2? pBQ" +'Qbb Jh M/ MQM@Jh T QD
MQiBQMX aim/2Mib r?Q +QMbBbi2MiHv mb2/i?2 Jh THmM;@BM “2Hv }
* hX AM +QMi’ bi-bim/2Mibr?Q /B/ MQi K F2mb2 Q7 i?2 HQ+ H Jh TH
KQ'2 bm#KBbbBQMb iQ q2#@* h 7Q° bBKBH " .a T QD2+ibX h?Bb kb
+HB2Mi@bB/2 Jh 2t2+miBQM K2i?Q/ K Vv H2 / iQ KQ 2 7°2[m2Mi bm#
bim/2Mib "2Hv QM i?2 b2 p2° 722/# +FiQ ; m;2i?2 [m HBiv M/ +Q "



*?2 Ti2 9

AKT +1b Q7 Jh QM aim/2Mi
S2 7Q K M+2

h?2 BMi2;" iBQM Q7 Jh BMiQ *al/ T 2b2Mib mMB[m2 QTTQ imMBiv
bim/2Mi T2 7Q K M+2 QM T Q;> KKBM: T ' QD2+i/2p2HQTK2MiX q?BH
i72 T'BK "vK2i'B+7Q 2p Hm iBM; i2bi 2772+iBp2M2bb BM 2/m+ iBC
K2 bm BM; +im H7 mHi/2i2+iBQM + T #BHBiB2b ? p2 T 'QKTi2/i?2
iB+ i2/ TT QR#4IX2bh(Q772°b KQ 2 'B;Q Qmb K2i?2Q/7Q " bb2bbBM; i
bvbi2K iB+ HHvBMi"Q/m+BM; bK HH 7 mHib BMiQ i?2 +Q/2 M/ 2p Hn
i2bib + M /2i2+i i?2bRBX? M;2b (

AMi?Bb +? Ti2 - Ab22FiQ mM/2 bi M/i?2BM7HmM2M+2 Q7 Jh #v +QK

BM MQM@Jh M/ Jh b2K2bi2 b #v // 2bbBM; i?2 7TQHHQIrBM:; i? 22 2

C _ZRX>Qr /Q2b Qm  BMiQ/m+iBQM Q7 Jh BKT +i i?2 [m HBiv Q7
+ b2b\

C _ZkXq? iBbi?22772+iQ7 Jh QM i?2 T QD2+i bQHMIBQM +Q/2 r |

C _ZjX>Qr /Q2b Qm  BMi"Q/m+iBQM Q7 Jh BKT +i bim/2Mibo6 #27? |

+ b2 /12p2HQTK2Mi\

JvBMp2biB; iBQMBMiQJhdbBKT +iQMbim/2MiT2 ' 7Q K M+2 +2Mi2

99



98

"2b2 "+? [m2biBQMb i? i 2t KBM2 /B772 2Mi bT2+ib Q7 bim/2Mi H2
7B bi "2b2 “+? [m2biBQM 2tTHQ 2b ?2Qr Jh 772+ib i?2 [m HBiv Q7
U ZRVX h?Bb BMp2biB; iBQM Bb + m+B H#2+ mb2 T'2pBQmb "2b2 °
bi' m;;H2rBi? r BiBM; 2772+iBp2i2bib-T 'iB+mH "Hv BM R@X2 +QKTl
"v+QKT "BM; i2bi bmBi2b r Bii2M #v bim/2Mib mbBM; Jh p2 bmb i?Ql
bb2bb r?2i?2  Jh H2 /biQ KQ 2 +QKT 2?2MbBp2 M/ 2772+iBp2i2bi

h?2 b2+QM/ "2b2 "+? [m2biBQM 2t KBM2b Jhdéb BM7HmM2M+2 QM bin
U ZkVX h?Bb bT2+iBb T "iB+mH "Hv BMi2 2biBM; #2+ mb2 Bi ;Q2b
iQ mM/2 bi M/ ?2Qri?2 mb2 Q7 Jh KB;?2i BM7HM2M+2 bim/2Mibd Qp2°
S'BQ bim/B2b ? p2 bm;;2bi2/i? i #2ii2 i2biBM; T +iB+2b + M H2 |/
Bive@l- #mi i?2 bT2+B7B+ BKT +i Q7 Jh QM bim/2Mi +Q/2 2 b MQi #22
A M Hvx2 #Qi? i?2 +Q 2+iM2bb M/ +QKTH2tBiv Q7 bim/2Mi bQHmMi
iBOQMb?BTX

h?2i?B / 2b2 "+? [M2biBQM BMp2biB; i2b ?QrJh 772+ibbim/2Mibd
i2°Qm:?2Qmii?2 T QD2+i HB72@+Vv+H2 U_ZjVX h?Bb #2? pBQ  H bT
bQ7ir "2 /2p2HQTK2Mi "2[mB 2b MQi Dmbi i?2 #BHBiv iQ r'Bi2 i2bil
'Bi2 i?2K +QMbBbi2MiHv M/ bvbi2K iB+ HHvX S 2pBQmb "2b2 “+°
iBQMJ(? b ?B;?HB;?i2/i?2 BKTQ i M+2 Q7 /2p2HQTBM; ;QQ/i2biBM;
T°Q;" KKBM; + 22 bX

AM Kv bim/v- +QM/m+i2/ BM i?2 TQbi@*ak .a +Qm b2 ioB ;BMB hz
T2 ' 7Q K M+2 + Qbb b2K2bi2 b rBi? Jh pbX rBi? **X h?2 +Qm b2 bi’
r22F T Q;  KKBM; T QD2+ib-T QpB/2/ MB/2 H2MpB QMK2Mi 7Q " bi
Q7 Jh QM bim/2Mi /2p2HQTK2MiX h?2 +QMi"QH ;:'QmT mb2/ i /BiB
bb2bbK2Mi- r?BH2 i?2 2tT2'BK2Mi H;"QmT mb2/Jh@# b2/ 2p Hm il
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h?2 M HvbBb "2p2 Hbb2p2  HbB;MB7B+ Mi 7BM/BM;bX aim/2Mib m
i2bi bmBi2 [m HBiv +QKT "2/ iQ i?Qb2 mbBM; ** HQM2X JQ 2 BKT
2ti2M/2/ #2vQM/ Dmbi i2biBM; T® +iB+2b @ bim/2Mib r'Qi2 KQ 2 K BI
r?2M mbBM; JhX h?Bb BKT Qp2K2Mi TT2 'biQ bi2K 7' QK Jhtb #B
/2Mib iQ i?BMF KQ 2 +'BiB+ HHv #Qmi TQi2MiB H 2/;2 + b2b M/ 2"
6m i?2°KQ'2- A Q#b2'p2/i? i bim/2Mib mbBM; Jh r2'2 KQ'2 HBF2Hv
TT Q +?2iQ i2biBM;-/2p2HQTBM; M/ 27BMBM; i?2B i2bi+ b2b i? C
1?27 1? M H2 pBM; i2biBM; mMiBH i?2 2M/X

h?2b2 7TBM/BM;b ? p2 BKTQ i MiBKTHB+ iBQMb 7Q " *al/-T 'iB+mH
i2biBM; BM mM/2" ;" /m i2 +Qm b2bX h?2 "2bmHib bm;;2bii? i Jh- /Z
Qp2'?2 /- Q772 b bB;MB7B+ Mi T2/ ;Q;B+ H #2M27Bib i? i 2ti2M/ #
BM; bFBHHbX h?2 TT'Q +? TT2 'biQ 7Qbi2" #2ii2° Qp2° HH bQ7i
T'2T "BM; bim/2Mib KQ 2 2772+iBp2Hv 7Q  T°Q72bbBQM H bQ7ir “:
MBMi2;" HT i Q7 i?2 /2p2H®ea@y2Mi T Q+2bb (

9XR _2b2 "+? J2i?Q/QHQ ;v
g2 ? p2 BKTH2K2Mi2/ KQ/B7B2/ p2 bBQM Q7 SAh rBipd)-bRH2+i2/
"2KQp2 +QM/BiBQM H bi i2K2Mib M/ kV "Bi?K2iB+ QT2 iQ  /2H2iB
H2p2H +Qm b2bX hQ 2p Hm i2 i?2 2772+iBp2M2bb Q7 Qm  Jh iQQ
bim/2Mi@r Bii2M i2bi + b2b- r2 +QKT "2/ Bi iQ //BiBQM H K2i'B+b
7mHH b2i Q7 Kmi iQb-JmC p - M/J DQ X h?Bb HHQrb mbiQ +QM’
Kmi iBQM QT2 iQ b;Bp2bbim/2Mib 722/# +F +QKT ~ #H2iQ i? i;Bp
[mMm HBiv K2i B+bX 2 BMp2biB; i2 i?2 2772+ib Q7 Jh QM p BQmb
h?2 7TQHHQrBM; b2+iBQMb QmiHBM?2 i?2 /2i BHb Q7 i?2 T iB+BT Mi
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M/ M HvbBb TT Q +?2bX

O9XRXR S 'iB+BT Mib

Pm™ "2b2 "+? bim/vBMpQHp2/bim/2Mib2M QHH2/BM TQbi@*ak mN\
M/ H;Q Bi?Kb U.a V+Qm b2 iQm mMBp2 bBiv- oB ;BMB h2+?X

+m "B+mHmMK-bim/2Mibr2°2i bF2/ rBi? +QKTH2IBM; 7Qm  j@9 r22F
BMC p X h?2vr2°2 "2[mB 2/iQ /2p2HQT i?2B  QrM i2bi bmBi2b iQ +
i?2B  bQHmMIiBQM +Q/2X hrQ K2i'B+b r2°'2 mb2/iQ 2p Hm i2 bim/2Mil
RV 6T QD2+i +Q "2+iM2bb-6 r?B+? K2 bm 2/ i?2 ++m  +v Q7 bim/?2
?B//2M BMbi m+iQ" 272 2M+2 i2bi + b2b- M/ kV 06i2bi +Qp2° ;2-0
Q7 bim/2Mibd i2bi bmBi2bX q2 T QpB/2/ //IBiBQM H 722/# +F QM i2
1+HBTb2 THM:BM i? i bim/2Mib +QmH/ mb2 QM i?2B° HQ+ HK +?BM

i rb+QHH2+i2/ 7 QK i? 22 b2K2bi2 b U6 HH KyRN- 6 HH kyky- M/
+Qp2° ;2 U**V Db i?2 ; /2/i2bi bmBi2 [m HBiv K2i'B+- M/ irQ b2K2
aT BM; kyk9V r?22°2 Kmi iBQM i2biBM; UJhV r b mb2/ BMbi2 / bi?2;
K2i'B+X h?2 bim/2Mib mbBM; Jh r2°2 HbQ BM7Q K2/ Q7 i?2B" +Q/2
F2°2 bbB:;M2/ b2i Q7 T°QD2+ib 2 +? b2K2bi2  i? i BMpQHp2/ BKTF
M/ H:Q Bi?Kbbm+? bK2KQ VK M :2 b-#m772  TQQHb-p 'BQmb i
i #H2b- M/ ;> T?bX h?2 b2i Q7 T°QD2+ib bbB;M2/ 2 +? b2K2bi2" B
/IB77B+mHivX

hQ 2p Hm i2 Jhob BKT +i QM /B772°2Mi T'QD2+i bT2+ib- r2 +?2Qb:
bBKBH “BM #Qi? MQM@Jh M/ Jhb2K2bi2 ' bX g2 mb2/7Qm  /B772 2N\
T QD2+ibUr?B+?r2B/2MiB7v b 6J2KQ'VJ M ;2 -6 6h 22-6 61ti2 M
iQ +QKT "2 i?2 i2bi bmBi2b BM i?2 7BM H p2 ' bBQM Q7 bim/2Mibo T°
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pbX Jh b2K2bi2 bX hQ 2Mbm'2 7 B> +QKT "BbQM-r2 p2 ' B7B2/i? i
#2ir22M i?2irQ b2ib Q7 T'QD2+ib "2 bBKBH X h?Bb 2Mbm 2/i? ii?
BMi2 Kb Q7 +QKTH2tBiv M/ /B77B+mHiv H2p2HX

HHbim/2Mi bm#KBbbBQMb 7°QK i?2b2 T°QD2+ib + Qbb KmHiBTH2 |
i?72 2tT2°BK2Mi H ;"QmT Ui?Qb2 mbBM; JhV- M/ i?2 +QMi"QH ;"Qm
+Qp2° ;2VX aim/2Mib /2p2HQT2/ i?2B T QD2+ib rBi?BM i?2B" HQ+
+QmH/ bm#KBi iQ Qm > QMHBM2 mRQKEK m HAB-TAR2: @BKBb(IiQ "2+2Bp2 7
QM i?2 +Q "2+iM2bb Q7 i?2B" bQHMIBQM +Q/2 M/ i?2 +Qp2° ;2 b+
KBiB; i2 1?2 +QKTmi iBQM H +Qd)ir b2H22/iBQ K2hb(m 2 i?2 +Qp2 ;2 t
BMi?2 b2K2bi2 ' b mbBM; JhX 1 +? b2K2bi2 ivTB+ HHv +QMbBbi2/ G
bim/2Mib-rBi? Qp2  Ry-yyy bim/2Mi bm#KBbbBQMb 7Q 2 +? T QD2+

OXRXK aim/v .2bB;M

h2bi amBi2 Zm HB2p Hm i2 i?2 BKT +i Q7 Jh QM i2bi bmBi2 [m HBiv-
"2i'QbT2+iBp2 bb2bbK2Mi Q7 Kmi iBQM +Qp2° ;2 BM/B+ iBM;i?2T
i2bi2/ +°Qbbi?2 +QMi"QH M/ 2tT2'BK2Mi H ;"QmTbX g2 mb2/ #Qi
iQi? imb2/ #v i?2 2tT2'BK2Mi H;'QmTV- M/ HbQ +QKT '2?22MbBp:
i?72 SAh Kmi iBQM i2biBM; iQQH iQ 2Mbm 2 i?Q°Qm;? 2p Hm iBQMX

/IBiBQM HHv-iQ '2/m+2 TQi2MiB H#B b bbQ+B i2/rBi? bBM;H2 Jt
[m HBiv rBi? irQ Qi?2  rB/2Hv mbha)/ iM/QHMHG PRXQH?2(2b2 iQQHb 2KTHC
/BbiBM+i H;Q Bi?Kb M/ Kmi iBQM QT2 iQ'b- Q772 'BM; KQ 2 +0Q
i?2i2bi bmBi26b #BHBiviQ /2i2+ip 'BQmbivI2b Q7 7 mHibX g2 Hb
MmK#2 Q7 i2bi + b2b M/ bb2'ibiQ bb2bbi?2 bBx2 Q7 bim/2Mibd i:

AaQHMIBQM *Q/2 Zm2HBN\,2biB; i2/ i?2 2772+i Q7 Jh QM T QD2+i +
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M HvxBM; Kmi iBQM +Qp2 ;2 K2i B+b #2ir22M i?2 +QMi QH M/ 2tT
Kmi iBQM +Qp2 ;2 + MBM/B+ i2 KQ 2 Q#mbi M/ +Q "2+i BKTH2K
Bb #2ii2° #H2 iQ + i+? 7 mHibX

//IBiBQM HHv-r2 mbR/ DR +2 +Q/2 M Hvx2 i? i 2t KBM2b +Q/2 [m
bm+? b +v+HQK iB+ +QKTH2tBiv-iQ /2i2°KBM2 B7 Jh ? / Mv BKT +i
i?72bim/2Mib6 +Q/2X LQi2i? iJh BM/B 2+iHv ;Bp2b 722/# +F QM +Q|
BM bm+? +Q/2 + MMQi #2 FBHH2/V- r?B+? KB;?i 2M+Qm" ;2 r BiBM
rvQ7BKT QpBM; i?2 Kmi iBQM +Qp2° ;2b+Q 2X

h2biBM; +iBhBIBMp2biB;: i2i?222772+iQ7Jh QMbim/2Mib6 i2biBM;
p "BQmb BMi2  +iBQMb rBi?BM i?2 A.1- bm+? b +Q/2 2/Bib- i2bi bm
+Q/2- i2bi bmBi2 H mM+?2- 2i+X IbBM; i?2b2 A.1 2p2Mi@bi 2 Kb- r
+iBpBiv 7TQHHQrBM; i?2 K2i?Q/QHQ;v QmiHRM 23 RpB X2/ Q MRIB - :
K2i'B+iQ/B772 2MiB i2 #2ir22M mi?2MiB+ M/ + 2/Bi@b22FBM;i2b
/Bb+mbb2/ BMXRX%jBQM

9Xk _2bmHib M/ .Bb+mbbBQM

OXkXR _ZR, 1772+ib Q7 Jh QM aim/2Mi@r Bii2M h2bi *

q2 M Hvx2/i?22772+i Q7 BMi"Q/m+BM; Jh #v +QKT "BM; i?2 [m HBi
+ b2b #2ir22M b2K2bi2 b rBi?Qmi Jh U+QMi"QHV M/ i?Qb2 rBi? Jr
mb2/ SAh rBi? b2H2+iBp2 Kmi iBQMb USAh@aJV BM i?2 Jh b2K2bi2
U**Vr b mb2/ BM i?2 MQM@Jh b2K2bi2 bX Ai Bb +QM+2Bp #H2 i?
aJ- Bb B/ BQbvM+" iB+ M/ KB;?i #2 BM /p2 i2MiHv bi22 " BM; bim/21
bmBi2b bT2+B7B+ HHv 7Q° SAh@aJéb Kmi iBQM +Qp2° ;2-rBi?Qmi
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6B;m 2 FROKT "BM; Kmi iBQM +Qp2° ;2 Q7 bim/2Mib6é i2bibmBi2b 7Q" -
+QKT * #H2 T°'QD2+ib 77QK MQM@Jh M/ Jh b2K2bi2 bX g2 mb2/ 7
iQQHb, *Q/2 *Qp2 ;2 U**V-SAhrBi? b2H2+i2/ Kmi iQ ' b USAh@alJV-
Kmi iQ' b USAh@ GGV- M/ JIJmC p X
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[m HBiv Q7 i?2B" i2biBM;X aQ-iQ +?2+F 7Q " #B b 7' QK Qm BM@ +
IB772°2Mi K2i'B+b iQ bb2bbi?2[m HBivQ7 bim/2Mib6é i2bi bmBi2b,
b2H2+iBp2 Kmi iBQMb USAh@aJV i?2 2tT2'BK2Mi H +QM/BiBQM- S
GGV-JDQ'- M/JmC p X " b2/ QM Qm" Q#b2 p iBQM-r2 7Q0mM/ i?
"2im M2/ bBKBH ~ +Qp2 ;2b+Q'2b7Q Qm /i X h?2°27Q 2-7r2 2t+F
7Q° #°2pBivX g2 THQIii2/ Qm  7BM/BM;b BM i?2XKQ K Q7 #QtTHQib B

Pm> M HvbBb “2p2 H2/i? i + Qbb HH 7Qm T QD2+ib i?2 i2bi bmB
**. SAh@aJ- SAh@ GG- M/ JmC p - Bb +QMbBbi2MiHv ?B;?2° BM Jh
MQM@Jh b2K2bi2 bX h?Bb T ii2°M ?QH/b i'm2 7Q" #Qi? K2/B M N
i?2b2- JmC p Bb i?2 KQbi ? "b? M/ /Bb+ BKBM iBM; K2i'B+X Ai B
bi M/ */ K2i'B+ rBi?BM i?2 Jh +QKKmMBiv U 7i2° SAh- r?B+? r2 2t+
M BM/2T2M/2Mi K2i'B+ 7°QK i? i mb2/ BM Qm" 2tT2 BK2Mi H +QM/
QTi2/iQ mb2JmC p 7Q  +QKT "BM; i2bi bmBi2 +Qp2° ;2 #2ir22M Jh

b T°2b2Mi2/ BMX¥RB8B2XARb2b #QtTHQib iQ pBbm HBx2 i?2 K2/B M

p Hm2b- r?BRXMBERE vb i?2 K2 Mi2bi +Qp2° ;2 #2ir22M MQM@ Jh b2
b2K2bi2 b- b [m MiB7B2/ #vJmC p 7Q 2 +?2 T'QD2+iX

"27Q°2 b2H2+iBM; i?2 bi iBbiB+ H i2bib iQ mb2-r2 +?22+F2/i?2 bb]
2[m Hp "B M+2BM Qm /i X h?2 a? TB'Q@gBHF i2bir b mb2/iQ bt
K2 bm 2b BM bim/2Mib6 7BM H bm#KBbbBQMb, RV i2bi +Qp2° ;2- k
+QKTH2tBiv- M/ 9V BM+ 2K2Mi H i2biBM; b+Q 2X HH 7Qm /i b2
bmKTIiBQM UT@p Hm2b | yXy8VX //BiBQM HHv- G2p2M26b i2bir b

iBQM Q7 2[m Hp "B M+2b 7Q  i?2b2 7Qm  K2i'B+b + Qbb MQM@Jh
“2bmHib “2p2 H2/ bB;MB7B+ Mi /B772 2M+2b BM p ‘B M+2b UT@p H
Q7 i?22[m Hp 'B M+2 bbmKTiBQMX *QMb2[m2MiHv- i?2 mb2 Q7 T
i@i2bi M/ L*Po -r?B+? bbmK2 MQ 'K HBiv M/ 2[m Hp "B M+2b-r b
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h #H2 9XNR HvxBM; /IB772 2M+2b BM bim/2Mibdé 7BM HbQHmMIBQM +Q
7Qm° +QKT " #H2 T°'QD2+ib BMJh M/ MQM@Jh b2K2bi2°b mbBM; E™'m
.MmMMMo6b TQbi@?Q+ i2bi rBi? "QM72°"QMB +Q "2+iBQMX HH /B772
bB;MB7B+ Mi- rBi? T@p Hm2b Q7 yXyyR Q  HQr2 X

STQ0;" K@ JmcC p aQHmMIBQMW a@/miBQM *@W2 2K2Mi H

@KBM] h2bi a2i Zm HBHQUVEViIM2bb HQWVTH2tBivh2bi q BiBM:

S'QD2+MQM@JhJh MQM@Jhh | MOQOM@ Jrh | MQM @ Jh
K2 M K2 M| K2 M K2 M K2 M K2 M K2 M K2 M

J2KQ 'V

JM ;2] ey do dy 3k| Rjy | Ryk 9Xjkl RXkK

h 22 9e dj ee 38| kky| RRN 9X3R RXRK

1ti2 M| H

aQ iBM; dk dN eN | 3e| RKkR| dd| jX3R RX3y

S T2 ek 3R e3 3j RNd| R8K 9X98 RXK]

i27Q°Qm /i b2iX AMbi2 /- r2 QTi2/ 7Q° MQM@T "~ K2i'B+ i2bibX
bB;MB7B+ M+2 Q7 i?2 +Qp2" ;2 /B772 2M+2 #2ir22M Jh M/ MQM@ J
i72 E‘EmbF H@q HHBb i2bi- 7TQHHQr2/ #v .mMMob TQbi@?Q+ M Hvb
+Q "2+iBQM iQ /Dmbii?2 TQbi@?Q+ i2biéb T@p Hm2b- 2Mbm BM;
BM MQM@Jh p2 bmb Jh +QKT "BbQMbX h?2 E'mbF H@q WMBb i2bi
BM/B+ i2i? i i?2/B772 2M+2 BM i2bi bmBi2 +Qp2" ;2 #2ir22M Jh M/
iBbiB+ HHv bB;MB7B+ Mi + Qbb HH T QD2+ibX h?2b2 7BM/BM;b bi
Jh +?B2p2 ?B;?2  i2bi bmBi2 +Qp2" ;2 +QKT “2/iQ bim/2Mib MQi mb

g2 HbQ Q#b2'p2/ MQi #H2 BM+'2 b2 BM i?2 bBx2 Q7 i?2 i2bi bmBi:
T "2/iQ MQM@Jh b2K2bi2 b UMQi b?QrM BM i?2 i #H2V- BM+Hm/B N
Q7 i2bi + b2b- bb2i bi i2K2Mib- M/ HBM2b Q7 i2bi +Q/2 KQM; bim
MB7B+ M+2=00@}< 9:65% X

g2 +QM+HMBRMP Q/m+BM; Kmi iBQM i2biBM; UJhV BM T Q;" KKBM; +
MB7B+ MiHv BKT Qp2b bim/2Mi i2bi bmBi2 [m HBiv +QKT 2/ iQ +Q/
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9XkXk _Zk, 1772+ib Q7 Jh QM S QD2+i aQHmMIiBQM *Q/?2

*Q "2+iM2bb a+Q 2b

g2 BMp2biB; i2/i?2 BKT +i Q7 mbBM; Jh p2'bmb +Q/2 +Qp2 ;2 QM i~
T°Q;" KKBM:; T'QD2+ibX S'QD2+i +Q " 2+iM2bb r b /2i2 ' KBM2/ #v b
i?72r2B;?i2/ p HM2 Q7 i?2 BMbi m+iQ 6b ?B//2M i2bi + b2bi? ir2 2 b
bim/2Mibé bQHMIBQM XR2/2X HB; mBBiBM+i BKT Qp2K2Mi BM i?2 /B
+Q "2+iM2bb b+Q 2b 7Q  i?2 7BM H bm#KBii2/ p2'bBQM Q7 bim/2Mi
K2Mi H:"QmT +'Qbb HH T @PKk2bXQAMN AIR:INMD K HBxXx2/ +Q "2+iM:
QM bim/2Mibo 7BM H bm#KBbbBQM +Q/2 7Q  i?2 Jh M/ MQM@Jh b2
T'QD2+ibX h?2t@ tBb 2T 2b2Mib i?2 MQ 'K HBx2/ bim/2Mi 7BM H |
M2bb b+Q 2b- M/i?2v@ tBb 2T ' 2b2Mib i?2 +Q "2+iM2bb b+Q 2bX |
+Q "2+iM2bb b+Q 2b 7Q  i?2 Jh b2K2bi2® "2 ?B;?2 i? Mi?Qb2 7Q" i
THvBM; E  mbF H@g HHBb rBi? . mMM6b i2birBi? "QM72 "QMB +Q" " 2:
IB772°2M+2 BM i?2 +Q " 2+iM2bb b+Q 2 Q7 bim/2Mibdé 7BM H bQHm
M/ MQM@Jh b2K2bi2 'b- b I2ROQBIPE aRRQ VI M ;2 T ' QD2+i- i?:
T QmT ?2/ +Q 2+iM2bb b+Q 2 K2/B M Q7 N8W-K2 M3KW-r?BH2 i?z
b+Q'2r b dNW- K2 MdyWX 6Q  i?2 h'22 T°QD2+i-i?2 Jh ;°’QmTodb +¢
rb NKkW- K2 M 38W-r?BH2 i?2 MOQM@Jh ;"QmTob K2/B Mb+Q 2 r b c
1ti2°M H aQ ' iBM; T°QD2+i-r2 Q#b2°p2/i?2 KQbi BKT ' Qp2K2Mi- 7°Q
eNW BM MQM@Jh b2K2bi2'biQ K2/B M Q7 N8W-K2 M 3eW BM Jh b
T QD2+i-i?22Jh; QmT UK2/B M 33W-K2 M3jWV .QmiT2 7Q K2/ i?2 N
d3W- K2 M e3WVX h?Bb +QMbBbi2Mi T ii2°M +°Qbb HH7Qm T QD:
Jh H2 /biQ BKT Qp2/ +Q "2+iM2bb BM bim/2Mi bQHmMIiBQM +Q/2X
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6B;m 2 99QKKT "BbQM Q7 +Q "2+iM2bb b+Q 2b Q7 bim/2Mibé 7BM H |
7Qm > /B772 2Mi +QKT * #H2 T°QD2+ib7Q° MQM@Jh M/ Jh b2K2bi2" t

*V+HQK iB+ *QKTH2tBiv Q7 aQHmMiBQM *Q/2

hQ 2p Hm i2i?2 [m HBiv Q7 bim/2Mib6é bQHmMIBQM +Q/2-r2 mb2/ +v+
"B+ | i?2C p +H bb H2p2HX *v+HQK bBmb2Q KgHRBRW (T Q;" K bi #
M/ +QM7B/2M+2 #v [m MiIiB7vBM; i?72 MmK#2 Q7 BM/2T2M/2Mi T i?
6B;m9X|2TB+ib i?2 MQ K HBx2/ +v+HQK iB+ +QKTH2tBiv p Hm2b 7
b2K2bi2'b +°Qbb 7Qm > +QKT * #H2 T QD2+ibX h?2 THQi BHHmMbi" iz
Bivp Hm2b "2 HQr2 BMi?2Jh b2K2bi2'  +QKT “2/iQ i?2 MQM@Jh bz
i? i iQ BKT ' Qp2 Kmi iBQM +Qp2° ;2- bim/2Mib MQi QMHvV r'Bi2 BKT
/2p2HQT KQ 2 i2bi #H2 +Q/2-i?2 2#v "2bmHiBM; BM H2bb +QKTH2tI
+Q/2X g2 7QmM/i? i 7Q° HH 7Qm T 'QD2+ib-i?2 /B772'2M+2 BM +
Jh M/ MQM@Jh b2K2bi2 b Bb bi iBbiB+ HBX®RM®2 M B 7 BW QN i#H2 2 Bhb#H
T 'BivBMiQi HUC p +H bb@H2p2HV K2 M +v+HQK iB+ +QKTH2tBi
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6B;m 2 9.Bjbi ' B#mMiBQM Q7 +v+HQK iB+ +QKTH2tBiB2b 7Q  bim/2Mi@
+Q/2 UbQi2/ HQr iQ ?B;?V 7Q  7Qm T 'QD2+ib +'Qbb Jh M/ LQMG@
GQr2° +v+HQK iB+ +QKTH2tBivhb+Q 2b "2 +QMbB/2 2/ #2ii2 X

Jh b2K2bi2'b +'Qbb 7Qm > T°QD2+ib, J2KQ'VJ M ;2  URjy pbX Ryk

1ti2°M HaQ iBM; URkKR pbX ddV- M/ :" T? URNd pbX R8kVX

Pm® “2bmHib bmJRBi2i7b iQ ?B;?2° [m HBiv +Q/2 #v 2M+Qm" ;BM; b
MQi QMHV iQ r'Bi2 #2ii2" i2bib #mi HbQ iQ r'Bi2 XQ 2 i2bi #H2 +Q/
9XkXj _Zj, 1772+ib Q7 Jh QM h2biBM: +iBpBiv

AM+ 2K2Mi H h2bi g BiBM;

g2 b22F iQ FMQr B7 bim/2Mib mbBM; Jh "2 KQ 2 HBF2HV iQ r'Bi2 i:
/2p2HQTBM:; i?2B  bQHMIBQMX hQ [m MiB7v i?Bb #2? pBQ -r2 TTH
K2iB+ b /27BM2/ #V E x233DMMB- 2i HX (

h?2 62 "HvP7i2M6 K2i B+ ;2M2" i2b r2B;?i2/ p2 ;2 +QMbB/2 BM; |
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+iBpBiv M/ i?2 T 'QtBKBiviQ T'QD2+i /2 /HBM2X am#b2[m2MiHv- i
+QK#BM2b 2 "HVP7i2M BM/B+2b 7Q " #Qi? i2bi +Q/2 M/ bQHMIBQM +
#2ir22M i?2 p2 ;2 iBK2 bT2Mi QM bQHmMIiBQM 2/Bib M/ i2bi 2/BibX
12;°22 Q7 BM+ 2K2Mi H i2biBM;-r?2"2 bK HH2 p Hm2b bm;;2bi ; 2
2/BiBM; M/ bQHmMIBQM 2/BiBM;-r?BH2 H ;2 p Hm2 BM/B+ i2bi?
Hi2 "BMi?2 /2p2HQTK2Mi T°Q+2bb- 7i2 i?2 K DQ'BivQ7 bQHmMiBQ
K2i'B+ 7Q+mb2b bQH2HV QM 2p Hm iBM; i?2 2;mH "Biv Q7 i2bi r |
HB72@+v+H2X

6Q° MQM@Jh b2K2bi2 b- i?2 BM+ 2K2Mi H i2bi@r BiBM; K2i"B+ ; p?2
"2H iBQMDb?BT rBi? T QD2+i +00712> i2VE WM@PQHM2bi- /m BM; J
b2K2bi2 b- r2 7QmM/ bB;MB7B+ Mi TQbBiBp2 +Q "2H iBQM #2ir22M
K2Mi H i2biBM; UT@P<HIOR X g2 Q#b2 p2/ i? i bim/2Mibé i2bi bmBi
b2K2bi2 b 2t?B#Bi2/ bK HH2  BM+ 2K2Mi H i2bi K2i'B+ p Hm2b UK?2
"BiBM;V +QKT "2/iQ i?Qb2 BM MQM@Jh b2K2bi2 b- BM/B+ iBM; i? |
iQ MT/ i2i?22B  i2bi+ b2b 7Q M2rHv /2p2HQT2/ bQHMIBQM +Q/2X q
2M+2b UT @O5WnBMI i?2 BM+ 2K2Mi H i2bi K2i'B+ 7Q" bim/2Mibd i2bi
M/ MQM@Jh b2K2bi2 b + Qbb HH 7Qm T QDXRib- b BHHmMbi  i2/

mi?2MiB+ pbX * 2/Bi@a22FBM; h2biBM;

hQ /2i2 °KBM2 B7 Jh 2M+Qm" ;2b bim/2Mib iQ 2M; ;2 BM mi?2MiB+
T QD2+i /2p2HQTK2Mi- r2 7B bi M22/ iQ 2bi #HBb? M 2KTB B+ H |
B/2MiB7v /B772 2M+2b BM bim/2Mibé i2biBM; #2? pBQ bX h?Bb +? °
#v i?2 bT2+B7B+ ;" /BM; + Bi2'B mb2/ BM i?2 +Qm 'b2X AM Qm  +
bvbi2K rBi??2H/ 722/# +F QM i?2 MmK#2 > Q7 272 2M+2 i2bib T bb2/
bm#KBbbBQM K2i KBMBKMK i2bi +Qp2° ;2 i? 2b?QH/X 6Q #Qi? M(
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i?Bb i?°2b?QH/ r b b2i i d8W i2bi +Qp2 " ;2X am#b2[m2MiHv- iQ "2
T QD2+i b+Q 2-bim/2Mib M22/2/iQ 2t+22/ NyW Kmi iBQM +Qp2" ;:
bi'm+im 2 Bb2b M BMi BQmBM/IM2bKRQMV /Q i2biBM; iQ K22ii?2
7Q° Q#i BMBM; 722/# +F Q"  7mHH +°2/Bi- Q"  /Q i?2v TT2  iQ #2 :2
i1?72B° /2p2HQTK2Mi T Q+2bb\

g2 272 iQi?27Q K2 bo6o+ 2/Bi@b22FBM; i2biBM;6 r?2 2 bim/2Mil
i2bi bmBi2 ;" /12X AM +QMi bi-r2/27BM2 6 mi?2MiB+ i2biBM;d b r’
iQ bbBbi BM /2#m;;BM;X gBi? i?Bb # +F; " QmM/-r2 + M 2KTB B+ H
7QHHQrbX

SQbi@+Q "2+iM2bb h2bi * bAKBHHAM;, bim/2Mi rBHH bi'BF2 # H M
rrBiBM; 2772+iBp2 bQHmMIBQM +Q/2U+Q "2+iM2bbV M/ +QKT 2?2N
;2V-i?2irQ ;" /IBM; + Bi2'B X q?2M bim/2Mi +?B2p2b T2 72+ib+
BiBb 2 bQM #H2 iQ bbmK2i? ii?2B " bQHmMIiBQM +Q/2 Bb +QKTH?2i?2
i?72M #2+QK2b #Qmi #QQbiBM; i2bi +Qp2° ;2 + 2/Bi- MQii2biBM; i?.
Q7 i?2B  bQHMIBQMX >2M+2-r2 +QMbB/2  i?Bb #2? pBQ" b + 2/BiC
K2i'B+ M K2/ SQbi@*Q " "2+iM2bb h2bi * b2 US*h*V iQ /2i2+i bm+?
12biBM; X

Lp

L total

PCTC=

>2 2, Bb HBM2b Q7 i2bi + b2b r'Bii2M 7i2° +?B24pHBW;iD2 H 2HEMDLH"
Q7 i2bi + b2b r Bii2MX

g2 2t KBM2/2 +? BM+ 2K2Mi Hbm#KBbbBQM bim/2MiK /2iQ i?2 m
1?72 MmK#2" Q7 i2bi + b2 HBM2b [//2] 7i2 i?2v +?B2p2/ T2 72+i +
i?72b2 bim/2Mib ? p2 H 2 /v ii BM2/ T2 72+i +Q "2+iM2bb- Mv [//E
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T BK BHvVvIiQBM+ 2 b2i?2B + 2/Bi7Q i2bi+ b2r BiBM;  i?2 i? M
i /2#m;;BM;X ?B;?2 S*h*p Hm2 BM/B+ i2b i2M/2M+v iQr /b + 2,
bBib?Qrbi? i bB;MB7B+ MiT'QTQ iBQM Q7 i2bi+ b2b "2 r'Bii2M
+?B2p2/X

hQ B/2MiB7v BMbi M+2b Q7 + 2/Bi@b22FBM; i2biBM;- r2 2KTHQVv2/
MQM@Jh M/ Jhb2K2bi2 bX q27QmM/i? i BMMQM®@Jhb2K2bi2 - Ry.
+ 2/Bi@b22FBM; i2biBM; #2? pBQ X h?Bb T QT Q i-BO0WOBI2<b B; MB 7 B -
005V i? M BM Jh b2K2bi2 b- r?2°2 QMHv kX3W Q7 bim/2Mib /BbTH v
bm;:2bib i? i i?72°2 Kv #2 7 +iQ b Q" +QM/BiBQMb bT2+B7B+ iQ Jh
H2bb2 T 2p H2M+2 Q7 + 2/Bi@b22FBM; i2biBM; #2? pBQ" KQM; bi

Pm> M HvbBbbmJ®RBM+HQm  :2b bim/2MibiQ T'Q +iBp2Hv M/ BM+"2
'Bi2 i2bi + b2b i?2°Qm;?2Qmi i?2 2MiB 2iv Q7 i?2B T QD2%i /2p2HQ"
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The effective integration of M'T in CSEd requires not just the implementation of the testing
framework itself, but also the development of appropriate feedback mechanisms that students
can understand and effectively utilize. While MT has proven valuable in industry settings [56,
60], its direct application in educational contexts presents unique challenges that demand

careful consideration of how feedback is presented and interpreted by students.

In this chapter, I present my research into M'T feedback development through three distinct
phases, each addressing specific aspects of student interaction with testing methodologies.
The first phase examined students’ existing testing practices and perceptions when using CC.
Understanding this baseline was crucial for developing effective MT feedback mechanisms, as
it revealed how students traditionally approached testing and what they valued in feedback
systems. Previous research has shown that students often struggle with interpreting testing
feedback [18], making this foundational understanding essential for developing more effective

feedback mechanisms.

The second phase of my research investigated students’ experiences with standard MT feed-
back provided by PIT [10], a widely-used Java MT tool. This investigation was critical
because industry-standard tools, while powerful, are typically designed for professional de-
velopers rather than students. The feedback from these tools often assumes a level of testing
knowledge and experience that undergraduate students may not possess. As highlighted by

Jia and Harman [32], the complexity of MT output can be overwhelming, particularly for

59
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novice programmers.

The third phase of my research focused on the development and evaluation of modified MT
feedback mechanisms. This work built upon the insights gained from the previous phases,
addressing the specific challenges and needs identified in student interactions with both CC
and standard MT feedback. I developed specialized documentation, training materials, and
feedback formats designed to bridge the gap between students’ current understanding and

the sophisticated feedback provided by MT.

My investigation was guided by three research questions that traced the evolution of my MT

feedback development. I seek to address the following research questions.

o OO0 What are students’ perceptions of the value of writing test suites and their

testing behaviors when using CC in programming projects?

o OO0 What are students’ performance and their impressions of using PI'T’s stock MT

feedback for evaluating their test suites?

o OO0 What impact does modified MT feedback and targeted MT instructional re-

sources have on students’ testing perception, practices, and outcomes?

The first research question examined how students perceived and utilized testing feedback
in their traditional CC-based environment (RQ1). This understanding was crucial for iden-
tifying the specific areas where MT feedback needed to be adapted for educational use. The
second research question evaluated students’ responses to standard MT feedback, helping
us understand the specific challenges they faced when interpreting industry-standard MT
output (RQ2). The final research question assessed the effectiveness of my modified MT
feedback approach, examining how my specialized feedback mechanisms and supporting ma-

terials improved students’ testing practices and understanding (RQ3).
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Through multiple semesters of implementation and refinement, supported by 38 semi-structured
student interviews and extensive quantitative analysis of student submissions, I developed a
comprehensive framework for presenting MT feedback in educational settings. This frame-
work not only addresses the immediate needs of students learning to test their code but
also helps prepare them for the more sophisticated testing practices they will encounter in

professional settings [45].

My findings demonstrate that carefully modified MT feedback, combined with appropriate
supporting materials and training, can significantly improve students’ understanding and
application of testing principles. This improvement extends beyond just test suite qual-
ity to influence overall code development practices, suggesting that appropriate feedback

mechanisms play a crucial role in realizing the full educational potential of MT.

N o o N A

Our research focused on students enrolled in a post-CS2 undergraduate Data Structures
and Algorithms (DSA) course at [ANONYMOUS]| University, an R1 institution in the US.
As part of the DSA course curriculum, students complete four 3-4 week long programming
projects in Java. This remained true throughout the various iterations of the course reported

on here.

Our effort to replace CC with MT for test suite evaluation evolved organically over three
semesters, each implementing different approaches to software testing. During our control
semester we used code coverage (CC) metrics as the primary method for evaluating students’
test suites. During this semester we also interviewed students about their testing practices

and solicited their feedback about the prospect of using MT instead of CC.
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For the first MT semester, we transitioned to MT using PIT, an open-source tool [10], which
we modified to use a selective set of two mutators. During the course of this semester we
received anecdotal feedback from students that they were struggling to understand MT, and

their overall performance on the earlier projects did not improve over that of CC semester.

Based on student feedback (including interviews that we discuss in this paper), we refined
and customized PIT’s standard feedback to better align with student learning needs. In
the second MT semester, we implemented this modified feedback along with additional
instructional materials. We then collected both qualitative and quantitative data to evaluate

students’ experiences with our improved feedback system.

We use identifiers for the semesters as follows:

« OO0 D0O000DOD 0OOD D0CI000000 Students used CC, a familiar tool from their CS1
and CS2-level courses, to assess test suite quality. This serves as our control (it is a

continuation of many years of practice).

- [J0O000000 0000200 DM T,s0 00O 00000 00000 D000 00000 [000000001 We introduced
MT using a sub-set of mutation operators along with stock PIT feedback. While there
was some instruction on the use of MT), it appears to have been inadequate for proper

understanding.

« [10O000I00 DOODIDD 0000000 OMTweld 0O0DO 0000000 DODOOOOD DOO 0000oioooo
I0000000I0DDD DOD0DI0o0OD. We replaced the stock PIT feedback with improved MT
feedback along with additional instructional resources to help students better under-

stand and use MT in their project development.

Our study of the student experience and project results employs a mixed-methods approach

combining qualitative and quantitative data collection and analysis, following [12]’s method-
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ology. This approach provides both a broad population view through quantitative analysis
and detailed individual insights through qualitative analysis. The study uses a convergent
parallel mixed-methods design with three phases, collecting and analyzing three independent

sets of qualitative and quantitative data.

Qoo Ooboiodion QiU boot oy Qiiiiidbon oo

Students in our DSA course are assigned a set of projects each semester that involve im-
plementing data structures and algorithms such as memory managers, buffer pools, various
trees, external sorting, hash tables, and graphs. To evaluate M'T’s impact on different project
aspects, we chose collections of projects that were similar in across all three semesters. To
ensure a fair comparison, we verified that the cyclomatic complexity of the solutions across
the three sets of projects are similar. The goal was to make these projects equivalent in

terms of complexity and difficulty level.

For many years we have evaluated students’ programming proficiency using two metrics: 1)
“project correctness,” which measured the accuracy of students’ solution code against hidden
instructor reference test cases, and 2) “test coverage,” which gauged the quality of students’
test suites. Students receive feedback on test quality both from our automated assessment
tool (AAT) when they submit their project for evaluation, and locally through an Eclipse

plug-in.

In both the M Tps and M Tns semesters, we set a target mutation coverage of 90%, rather than
aiming for the full 100%. This decision was consistent with our approach during previous
CC semesters, where we adopted a similar target for the same reasons. Specifically, we
wanted to maintain a balanced focus between testing and other key aspects of programming,

such as implementation and problem-solving. Achieving near-complete mutation coverage—
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particularly the last few percent—often requires a disproportionate amount of effort, which
could divert attention from other important learning objectives. By setting a more achievable
target, we ensured that students could focus on a broader range of skills without getting

overly fixated on reaching the maximum mutation coverage.

We also implemented a threshold-based feedback system where instructor reference test
cases remained hidden until students achieved 75% mutation coverage on their own test
suites (which we consider fairly easy to achieve with any reasonable effort to write tests).
This mechanism encouraged students to test their code before accessing additional guidance
from the AAT “oracle” Once surpassing the 75% threshold, students received feedback on
which of the instructor’s test cases their code passed or failed, along with hints on why some
of the test cases were failing. This approach, consistent with practices from previous years
and across CC semesters, helped promote independent testing skills while offering structured

support for improvement.

Students developed their projects within their local IDE (Eclipse) and could submit to the
online auto-grader, Web-CAT [19], multiple times to receive feedback on the correctness of
their solution code and the coverage score of their test suite. To address the computational
demands of MT on student submissions to the AAT, we implemented a selective set of two
mutators as recommended by [37]. Each semester typically consisted of approximately 300

to 400 students, with over 10,000 student submissions to the AAT for each project.

00000 C0O00000ib0 4oobooon

Our qualitative analysis involves semi-structured interviews with students across all three
semester groups, following the guidelines outlined by [2]. All interviews were conducted by

the first author of this research to ensure consistency in the interview process and questioning
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techniques following the protocol listed in Table 5.1. The semi-structured format allowed for
flexible probing to better understand and clarify interviewees’ experiences and observations.
Interviewer could ask follow-up questions when needed for additional clarity beyond the
main protocol questions. This approach, as [2] notes, ensures data quality and reliability by
combining standardized main questions with flexible follow-up inquiries. All interviews took

place in private offices to maintain confidentiality and ensure clear audio recordings.

Our interview protocols focused on:

0000000 00000000000 Students were asked about their overall experience with the

programming testing approach as taught in that semester.

« [0D00IDOD O0ooitoDoool Questions explored students’ perceived difficulty levels when
working with CC and MT.

« [OO00DDDDOIO0 00 DODO0ODOD Interviews aimed to assess students’ understanding of
key testing concepts, such as test suite effectiveness, test case writing strategies, and

feedback mechanisms.

o [J000IOO DD00ODOOD Students were asked to explain their testing strategies to under-
stand how they used different tools, what features worked for them, the challenges

they faced, and their overall perception of the tools.

The semi-structured interview protocol was designed to be flexible, allowing researchers
to adapt the conversation based on students’ responses and interests while maintaining a

consistent framework for data collection.

We applied the principles of Grounded Theory, as outlined by [24], to systematically generate
categories and themes, ultimately deriving multiple insights from the interview transcripts.

The transcripts were analyzed through open coding, with themes and categories refined and
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00000 000 0oOtoo0onoooD DOooooomn Dooooooo

0000i0o 0o0obo Ooooooo C000oiog

Introduction Study objectives overview 5 minutes
Informed consent and confidentiality

agreements

Background Student programming experience 5 minutes

Information Prior testing concepts knowledge

Testing Strategy Strategies used for testing 15 minutes
Perceived difficulties with testing tools

Understanding Improving Test Suite Coverage 15 minutes

Key Concepts Role of feedback in testing tools

MT Experience Understanding of MT principles 15 minutes
Perceived challenges with MT

Closing Final thoughts and additional comments 5 minutes

Reflections

00000 000 Doobooibob oo 0oUo0 0ooooo oo fobooooo booooo boooo tbOboooooo

00Oooooo doooo 0000ooog d1og Cooo0oo 000oooman
00000000 | 000ooooOooo 0ooooonoo
CC: Code Coverage Semester 328 12 4 5 3
ID: CCH(1-4) | ID: CCA(1-5) | ID: CCS(1-3)
MTps: Mutation Testing Semester
(PTI’s Stock 346 15 5 6 4
Feedback) ID: MPH(1-5) | ID: MPA(1-6) | ID: MPS(1-4)
MTme: Mutation Testing Semester
(modified Feedback and 381 11 3 5 3
Additional Instructions) ID: MMH(1-3) | ID: MMA(1-5) | ID: MMS(1-3)

validated through multiple rounds of review. We retained only those connections between
categories that were consistently supported by the data. Grounded Theory served as the
analytical framework for interpreting the results, complementing the principles of design
science. This combined approach provided a holistic method for synthesizing our findings

across three semesters of data collection.

We conducted interviews with a total of 38 students: 12 students from the CC semester, 15
from the MTys semester, and 11 from the M Ty semester, as shown in Table 5.2. Using
stratified random sampling, we selected participants based on their programming project

implementation and midterm exam performance, dividing them into three groups: high
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achieving, average, and struggling. The high-achieving group (top 15% of the class) typically
demonstrated project scores of 100% and midterm exam scores of 95% or higher. When an-
alyzing their testing practices, we observed their mutation coverage typically exceeded 90%.
The average performance group (next 50% of the class) maintained project scores above 85%
and midterm scores ranging from 80% to 95%. This group’s mutation coverage generally fell
between 85-90%. The struggling group (bottom 35% of the class) showed project scores be-
tween 60-85% and midterm performance between 40-80%. Their mutation coverage typically
ranged from 75-85%. This ensures representation from all performance levels, in an attempt
to avoid skewing of data that could occur if random sampling disproportionately selected
students from any one achievement level. This is particularly important because students at
different performance levels may experience and interact with our testing tools differently.

We wanted to collect distinct insights and experiences across different achievement levels.

In this paper, we use a structured system of anonymized identifiers. This is to ensure
confidentiality and maintain anonymity while also preserving meaningful information about
each student’s academic performance and the semester in which they participated. The first
part of the identifier represents the semester in which the participant was enrolled. Each
group is denoted by a two-letter abbreviation: ‘CC’ for students in the CC semester, ‘MP’
for students in the MTps semester, and ‘MM’ for students in the MTns semester. The
second part of the identifier indicates the participant’s academic performance level, which
is categorized into three levels: H for high-achieving students, A for average-performing
students, and S for struggling students. The final part of the identifier is a number that
differentiates between individual participants within each group. For example, CCHI is a
high-achieving student from the CC semester, whereas MPA2 is an average student from
the MTps semester, and MMS3 is a struggling student from the MTy¢ semester. Table 5.3

presents demographic information of student interviewees across the three semesters.
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000oo 00 O0Uooitoon bo boo botoooo looooomoooon
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L100oo | 4ibod

CC 12 6 4 10 2
M T s 15 8 7 13 2
M Tt 11 7 4 8 3

Qoo Ooddolbbfobt Dhoooobdo

00000oioo 00 DoDoodb DO00Oooooooooo Along with qualitative analysis, which provided
insights into student experiences and behaviors, we also performed quantitative assessment
to empirically evaluate the impact of MT on test suite quality. Specifically, we conducted a
retrospective assessment of mutation coverage — indicating the percentage of code effectively
tested — across CC, M Ty, and M Tis semesters. To reduce potential bias associated with
retrospectively assessing test quality with the same tool that students used to develop their

tests, we here assess test suite quality with MuJava by [42], another widely used MT tool.

We investigated the effect of MT on project correctness by analyzing mutation coverage
metrics across all three semesters. We used PMD [11], a source code analyzer that examines
code quality metrics such as cyclomatic complexity to determine if MT had any impact
on the overall quality of the students’ code. Cyclomatic complexity measures the number
of linearly independent paths through a program’s source code, indicating its complexity
based on control flow [23]. We investigated whether MT improves students’ code quality
by ensuring that edge cases and complex paths (as indicated by cyclomatic complexity) are

thoroughly tested, identifying weak spots in their code.

000000000 DO0DO000 DO0ODOOD I0000 To investigate the effect of MT on students’ testing
activity, we collected various interactions within the IDE including code edits, test suite
edits, local execution of code, and test suite launch. Using these IDE event streams, we

quantified incremental activity following the methodology outlined by [38]. We applied the



0ior 0000 0oooboot boyooodd 69

testing behavior classification framework developed by [44] to distinguish between students
who wrote tests to verify program correctness (authentic testing) and those who primarily

aimed to achieve required coverage scores (credit-seeking testing).

Through qualitative analysis of student interviews, we identified several valuable insights
on how students approached and understood different testing methods. We then validated
these insights through quantitative analysis of student submissions and performance data.
This allowed us to cross-reference our findings across both data sources and strengthen our

understanding of testing approaches in programming education.

0o0 D00 Dbobobod 0ooooooo

00000 0J00booooibd o0 00 totbbobooiod

CC is one of the first methods invented for measuring test suite quality [47]. It measures the
extent to which the source code of a program has been executed during testing. For many
years we have used CC to assess our students’ test suites (and to provide feedback about their
test suite quality to students). Students’ grades partially depended on achieving a specified
CC threshold (typically in the 90-97% range). The CC of student test suites is assessed
both at our AAT (for grading purposes) and also by the student’s IDE (Eclipse) using the
EclEmma Eclipse plug-in [29] so that students can know their test suite CC without needing
to make a submission to the AAT. Both systems measured the percentage of code executed
by test cases, highlighting untested sections through visual indicators. This dual-feedback
approach enabled students to continuously assess and improve their test suite quality before
final submission. Figure 5.1 demonstrates how students can visually assess which lines of

their code are being executed by their test suite.
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One problem with using CC in the context of grading for test suite quality is that it is
too easy to abuse CC to gain coverage. Students may focus on increasing coverage to
earn credit without properly verifying that the covered code is correct. This practice can
influence students’ perceptions of the value of writing test suites and achieving meaningful

code coverage, as evidenced by the interview results discussed below.
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To gain a deeper understanding of students’ experiences with CC-based testing, we con-
ducted semi-structured interviews with 12 participants following the CC semester. We also
asked questions to get their perceptions related to a potential switch from CC to MT. Our
qualitative analysis, using the Grounded Theory approach, revealed three key themes related

to students’ perceptions, testing behaviors, and the limitations of CC metrics.
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Through our qualitative analysis, we identified a significant theme related to students’ per-
ceptions of value and their testing behavior in the context of CC-based testing. The cate-
gories that emerged within this theme suggest that students found limited value in CC-based
testing, and their use of JUnit tests was primarily driven by the desire to obtain course credit
rather than engaging in effective testing practices. 10 out of 12 students in the CC semester
expressed that CC metrics did not provide substantial insights into the quality or effective-

ness of their tests (Extract 1, Extract 2).

O000000 1 (O000): “The test cases don’t reveal too much. Most of the time

passes. Rather print statements reveal the problem.”

0000000 2 (OD0O0): “My tests passed most of the time so it wasn’t that useful as

a method of finding bugs.”

Students’ testing behavior was largely influenced by the course credit associated with achiev-
ing certain coverage metrics (Extract 3, Extract 4, Extract 5). This was reported by all 12

of our students participants.

0000000 3 (O0O0O0): “JUnit is mostly used when its required, not really for de-

bugging.”

OO0000C 4 (O0OOD0): “We made sure we had working code (according to Web-CAT)

and not perfectly tested code.”

0000000 5 (00O00): “It was hard to keep track of both of our progress. My partner

worked on something and didn’t actually write test code for it. I was writing
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test code for my parts. When we both finished, we had necessary coverage. So,

we didn’t write test code for his parts.”

All 12 of our students mentioned that they prioritized meeting coverage requirements set by
the automated grading system rather than focusing on developing comprehensive test cases.
The focus on achieving coverage metrics over effective testing practices was a recurring theme

in the students using CC (Extract 6, Extract 7).

0000000 6 (OODO0): “Arbitrarily CC feedback is not that helpful.”

0000000 7 (DO0O0): “For Project 2 we had more bugs; and we would realize that
there were bugs when we submitted to Web-CAT, so we would realize that even

though our tests were passing, we were clearly missing some edge cases.”

Furthermore, one third of our students using CC expressed a general aversion towards writing

test cases (Extract 8, Extract 9).

0000000 8 (0000): “I hate writing tests to be honest.”

0000000 9 (OO00): “Writing a test case for every single thing is a bit of a pain.”

Based on our analysis, we derived this summary Insight 1:
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Our qualitative analysis revealed that delayed testing practices, particularly post-implementation
testing, had a significant impact on students’ debugging experiences and overall performance

outcomes.

8 out of 12 students using CC only engaged in post-implementation system-level testing.

These students reported a substantial increase in debugging effort (Extract 10, Extract 11).

0000000 10 (ODOO0): “After code ran for sample input and output we submitted

to Web-CAT; that was when we spent the most time debugging.”

0000000 11 (DO00): “No bugs in my local machine; when i submitted to Web-

CAT, that’s when I started having bugs.”

The increased debugging effort associated with post-implementation testing often led to

heightened frustration among students during the testing phase (Extract 12, Extract 13).

0000000 12 (O00O0): “Trying to figure out what exact test case was breaking
our code...we only thought of so many cases, but Web-CAT would give us an

ambiguous hint and it was hard to figure out what test case was breaking.”

0000000 13 (O0O0O0): “..very time consuming to go to the TA for every new error

and to get this information from Web-CAT.”

The delayed testing approach also resulted in suboptimal performance outcomes for students.
Several students (7 out of 8) acknowledged the benefits of incremental testing practices, even

if they had not fully adhered to them (Extract 14, Extract 15).
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0000000 14 (O0O0O0): “Definitely write all the code and test it later.... gonna
attempt to try to do incremental testing this time around, mainly for sanity...
also for confidence knowing that something is working and i don’t have to worry

about it. This would help with keeping track of project progress.”

O00000C 15 (00O00): “It is very important for making every part work properly. I
believe it is important to focus all the part of programming importantly otherwise

it would take more.”

In contrast, 4 out of 12 students who employed incremental testing practices reported a more

positive experience (Extract 16).

0000000 16 (OOO0): “I test things pretty much as I write it. Otherwise you run
into situations where bugs manifest in one place, but the root cause is somewhere
else. Writing tests and debugging before moving on helps to know that things

are working before moving on.”

Based on our analysis, we derive the following Insight 2:

00000000 booobood booo Looooo botttdo Loo booobo oo 00 Lodittd 0o 00oooooa

I o

Qoooooiooo o0 0o Doooioo

We found several limitations with using CC metrics in assessing the quality of test suites and

guiding students’ testing practices. 10 out of 12 students who used CC metrics expressed

concerns about the effectiveness of this approach (Extract 17, Extract 18).
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0000000 17 (DOO0): “CC doesn’t help you figure out WHERE the bug is, it

would just tell you something is covered.”

0000000 18 (00O00): “Part of the requirement was omitted from the sample input
and output, so we were stuck on this for like a week before getting help from the

TA?”

The limitations of CC metrics led to a heavy reliance on the AAT for testing and debugging

(Extract 19, Extract 20).

O0ooooe 19 (OO0O0): “We did submit to Web-CAT multiple times to help find
the bugs....definitely took advantage of unlimited submissions sometimes....and
there were some times we would fix something and submit again to see if our fix

‘worked””
OO00000 20 (OOO0): “Web-CAT submissions were the ‘ultimate’ tool.”

The inadequacy of CC metrics also resulted in an increased dependency on instructional

support for testing guidance (Extract 21, Extract 22).

0000000 21 (ODO0): “No bugs in my local machine; when i submitted to Web-
CAT, that’s when I started having bugs; so the TA helped me figure out the

R

bug.

0000000 22 (O00O0): “TA helped us think about other edge cases that Web-CAT
was testing; they referred to the output that Web-CAT expected and where our
code was different.....helped us know which edge cases we were not accounting

for.”
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In our interviews with the CC group, we explained to students how MT works and compared
it to CC. 11 out of 12 interviewees indicated that what they were told sounds better to them

than CC in providing more comprehensive feedback (Extract 23, Extract 24).

0000000 23 (DOO0): “MT + reference test feedback would be multiple layers of

feedback, that would help triangulate where bugs are in the code.”

0000000 24 (0000): “It (MT) would be better than CC.

Based on our analysis, we derive the following Insight 3:
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Therefore, to address RQ1 we can say that based on our qualitative findings students using
CC placed little inherent value in writing test cases (Insight 1), often delayed testing until
after implementation (Insight 2), and heavily relied on automated assessment tools for testing

guidance (Insight 3). This led to suboptimal testing practices and project outcomes.
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Our qualitative findings reaffirm the need for an alternative metric to CC. The insights
derived from the CC semester interviews underscore the limitations of CC in promoting
effective testing practices. In the M Tps semester, we introduced MT as a modified version of
PIT, using only the logical test and arithmetic mutation operators, as recommended by [37]
in order to reduce load on the AAT without significant reduction in effectiveness. Students’
MT scores were assessed as part of project submission grading and feedback by our AAT.
Additionally, we implemented PIT Eclipse plug-in that students could use to monitor their
MT coverage locally. Both the AAT and the local plugin reported three key metrics: line
coverage, mutation coverage, and test strength, along with detailed breakdowns by class.
While the local PIT plug-in and the AAT occasionally showed minor variations in their

feedback, both tools helped students track their testing progress throughout development.

The PIT plug-in interface shown in Figure 5.2 provides a comprehensive yet potentially
overwhelming set of feedback mechanisms. The main summary panel displays three key
metrics: Line Coverage (98%), Mutation Coverage (89%), and Test Strength (90%). These
stock PIT metrics are accompanied by detailed fractions showing the exact numbers, such

as 466/475 lines covered.

The “Breakdown by Class” section provides a granular view of these metrics for each Java
class in the project. For instance, the HashTable.java class shows 93% line coverage (79/85),
83% mutation coverage (66/80), and 85% test strength (66/78). Test strength is defined as

the ratio of the number of mutations killed by the test suite to the number of mutations
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covered by the tests. Mutation coverage, on the other hand, is the ratio of mutations killed
by the tests to the total number of possible mutations, irrespective of their coverage by the
tests. Line coverage refers to the ratio of line statements executed by the tests to the total

number of line statements potentially executable within the class under examination.

The plug-in also includes a mutation detail panel that lists “SURVIVED” mutants, which
are mutations that weren’t detected by the test suite. Meaning the tests still passed even
when the code was mutated. In the example shown, line 76 in HashTable.java has a surviving
mutant when a particular conditional check was replaced with ‘false’. Similar mutations are
listed for other lines, such as line 85 where a comparison check was modified. The “KILLED”
category refers to mutations that were successfully detected by the test suite — meaning the
tests failed when they should have failed. The “TIMED OUT” group represents mutations
that caused the tests to exceed their allocated execution time. As a result, the mutants
“survived” or weren’t detected by the test suite. Finally, the “NO_COVERAGE” category
indicates code segments that weren’t executed by any test cases. The code view panel

highlights the relevant lines of code where mutations were applied, allowing students to see
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exactly where their test cases need improvement. This visual feedback helps students locate

specific areas requiring attention.

Through anecdotal evidence from students and poorer project outcomes, we determined
that there were problems with the deployment of MT in our courses. One of the issues
we identified is that PIT’s stock feedback presents several challenges for students. The
groupings of mutants and jargon used in the feedback can create an additional layer of
complexity, making it difficult for students to understand the results while simultaneously
learning software testing concepts. The abstract nature of MT, combined with the specialized
vocabulary, appears to lead to knowledge overload and requires additional explanation and
context to make the feedback more accessible to student programmers. The volume and
complexity of PIT’s stock feedback, which is not tailored to students’ needs, can create a

barrier to learning for those who are still developing their testing skills.

When implementing PIT in Web-CAT, we began augmenting the stock feedback with ad-
ditional clarifications. Web-CAT presents MT feedback through a visual interface that
highlights specific lines of code where mutations have “survived” — meaning the exist-
ing test cases failed to detect the introduced changes. As shown in the attached image of
HashTable.java, lines that contain surviving mutants are highlighted with a light red back-
ground. This visual indication immediately draws students’ attention to areas where their
test cases need improvement. When students hover over these highlighted lines, Web-CAT
displays informative pop-up messages that provide specific guidance about the surviving
mutants. For instance, in Figure 5.3, hovering over line 76 reveals a hint stating “Uncovered
mutation(s): Test case assertions do not confirm logical condition(s) to produce intended
behavior in all cases. HINT: Test ‘equality’ condition for ‘false’ cases” This augmented
feedback helps students understand exactly what scenarios their tests are missing and how

to strengthen them.
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Beyond the specific code-level feedback shown in the image, Web-CAT provides a com-
prehensive breakdown of mutation coverage statistics for the entire project. The platform
generates detailed reports showing the mutation coverage percentage for each Java class and
the project as a whole. These statistics indicate what percentage of introduced mutations
were successfully “killed” (covered) by the test suite. Higher percentages indicate more

robust test suites, while lower percentages suggest areas needing additional test cases.
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In the CC semester, students typically deferred testing until after completing their code
implementation, viewing test coverage as a secondary requirement like code style rather than
an integral part of development. This behavior suggests that students did not recognize how
CC contributed to effective testing and program correctness, instead treating it as a separate
grading criterion to be addressed after ensuring their code worked. Limited guidance in CC
also led students to rely on AAT feedback and instruction. To address this, we introduced
PIT’s MT in the MT,s semester. However, its stock feedback was difficult for students to
understand, especially without prior experience, causing confusion and struggles in applying
it.

To better understand the challenges our students experienced with PIT’s stock MT feed-
back, we conducted 15 interviews in the MTps semester. The interviewees represented a
diverse range of academic performance: five high-achieving students, six average-performing
students, and four students who were struggling with the course material. The qualitative
analysis of these interviews revealed key challenges and misconceptions in how students in-
terpreted the feedback. One insight revealed by the interviews is that students perceive

PIT’s feedback as verbose and overwhelming. 11 out of our 15 student participants ex-
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pressed frustration with the nature and verbosity of the feedback, which created barriers to

understanding and implementing the suggested improvements (Extract 25, Extract 26).

O000000 25 (OD00): “Sometimes the feedback was redundant. At times, confus-

ing.”
0000000 26 (JOOD0): “[PIT’s feedback is like] a black box which takes away points.
I don’t [know] why and that makes me feel like a poor computer scientist. Because

there is this thing that I should understand and I don’t.”

The volume and complexity of information presented made it challenging for students to

identify the most relevant aspects of the feedback to address (Extract 27, Extract 28).

O000000 27 (ODO0): “It was confusing where it wanted us to focus. Because we

already did what it was telling us to do.”

0000000 28 (OOOO): “In some cases, I was just lost. Because of some mutants. I
tried like removing conditions like, if head equals to null or suppose, if not head.

But the mutant was still there.”

Another significant challenge was difficulty in extracting actionable insights from the feed-
back. Some students (6 out of 15) often found themselves unable to translate the feedback
into concrete testing improvements (Extract 29, Extract 30). The gap between receiving
feedback and understanding how to act upon it effectively was a recurring theme in stu-

dents’ comments.

0000000 29 (O0O00): “I can’t quote it but it said something like make sure to

check the ‘true’ cases or ‘false’ cases. And that doesn’t mean too much to me.”
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0000000 30 (LOOO): “MT wanted me to test either my insert or my remove if
size was changed. And I thought I was testing that. It said did the size changed.

I was very confused on how to catch that.”

Misconceptions about MT feedback also emerged as a significant barrier to improving test
suite coverage. The impact of these misconceptions was particularly pronounced during
students’ initial encounters with MT (Extract 31). The complex structure of the feedback

and the nature of the mutation operations contributed to these misconceptions (Extract 32).

0000000 31 (DO0O0): “I figured it out on my own. But some other people might
have struggled. That might have been the big thing that led to some of confusion.

Especially, Project 1 with mutation feedback.”

0000000 32 (JOD0): “The way the feedback told us to test it didn’t make sense
to me at all. Because we were already testing it the way it was telling us to test

it. But it was basically repeating what we did.”

8 out of 15 students noted that the confusion and difficulty in understanding the feedback
were most prevalent at the beginning of their experience with MT (Extract 33). The nature of
the feedback also created challenges in understanding specific mutation operations (Extract
34, Extract 35, Extract 36). This suggests that proper introduction, guidance, and support

could potentially mitigate these challenges.

0000000 33 (OO0O0): “[I struggled with MT] only at the beginning when I didn’t

know anything about MT.”

0000000 34 (OO00): “It is just the wordage that was confusing. I had to get used
to that. I think if there were some sort of example of mutation feedback then

that would be helpful.”
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0000000 35 (KOO0): “I am like, give more description of what variable is replaced

rather than a broad overview.”

O000000 36 (DOO0): “Maybe it was getting messed up with the lines or we were
misinterpreting them. Even if it had the line of code, it was confusing on what

to do.”

The challenges and misconceptions also led to concerns about the influence of MT feedback
on testing practices. Some students (5 out of 15) expressed worries that focusing too heavily
on MT feedback might lead to misaligned testing practices, where they prioritize testing for
mutation coverage rather than testing their solution to the problem (Extract 37, Extract

38).

0000000 37 (000O0): “Because I feel like I would be trying to test for MT instead
of just testing normally and that would be very confusing because that’s not how

we usually test. Because you should be testing for your solution to the problem.”

0000000 38 (ODOOO): “I could not identify which test are purposeful and which

tests are testing the same things.”

Based on our analysis of student comments, we derive the following Insight 4:
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This insight addresses RQ2 and underscores the need for clearer, more accessible feedback

in MT tools, especially in educational settings.
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Based on student feedback from the MTps semester, we enhanced our MT implementation
with targeted training modules containing clearer documentation and additional examples.
These improvements focused on making MT concepts more accessible and actionable for
students. We also heavily modified the PIT feedback provided on both Web-CAT and via
the MT plug-in. The design decisions behind the new modified feedback were informed
by research on effective feedback practices in education [8, 16, 28, 59, 65]. As [59] noted,
feedback needs to be easily understandable and help improve students’ learning process. The
modified plug-in addresses this by presenting information in a more digestible and actionable

format.

The mutation summary panel in the modified version shows the overall mutation coverage
for the entire project and a “Breakdown by Class” with individual mutation coverage per-
centages. The hierarchical organization by class and package makes it easier for students
to navigate through their project structure and systematically address testing gaps, and

identify classes that have lower mutation coverage percentages.

Mutation results are organized into two clear categories: “LINES NOT_ TESTED” and
“LINES__NEEDING_BETTER_TESTING”, as seen in Figure 5.4. The new terminology
directly communicates what actions users need to take — either writing new tests for untested
code or improving existing tests for better coverage. This aligns with [8]’s idea of providing

feedback incrementally as “one new idea at a time” to ensure a more graduated learn-

ing path. This classification system replaces PIT’s jargon of “SURVIVED,” “KILLED,”
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“TIMED_OUT,” and “NO_COVERAGE,” which could be confusing for users.

The mutation list panel provides precise, actionable feedback about each mutation. For
instance, instead of merely indicating a survived mutant, the feedback clearly states the
type of mutation applied, such as “Logical Expression - Replaced equality check with false”
or “Arithmetic Operation - Replaced integer operation with first member.” This explicit
description helps students understand exactly what changes were made to their code, which
hopefully guides them in writing appropriate test cases. By providing this level of detail,
the modified feedback presents deficiencies as faulty interpretations rather than as a total

lack of understanding, which [28] noted as being more powerful for learning.

Unlike PIT’s stock feedback, which can overwhelm students with details, our intervention
includes both a modified version of MT feedback and comprehensive documentation and

educational resources specifically designed for student learning. These resources explain MT
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concepts, provide examples of how to interpret the feedback, and offer guidance on writing
effective test cases. This educational support structure helps students better understand not
just what to do, but why they’re doing it, fostering a growth mindset and learning goals [16].
By removing jargon and providing clear, actionable feedback with supporting training re-
sources, the tool better helps students understand mutation testing results. The modified
feedback and additional documentation provide the necessary scaffolding to motivate stu-
dents’ interest, simplify the task, provide direction, and clearly define expectations [65],

ultimately leading to more effective learning and development of strong testing skills.
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To assess the impact of our modified MT approach, we conducted semi-structured interviews
with 11 participants in the M Ty semester. Using the Grounded Theory approach, we
derived three main themes related to students’ testing outcomes, testing strategy evolution,

and debugging practices.
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In the MTy¢ semester, students showed a notable difference in their perception and ap-
proach to testing compared to those interviewed in the CC semester. 10 out of 11 students
using modified MT feedback reported recognizing the importance of quality testing, under-
standing testable code development, and having a positive attitude toward testing, showing
improvement compared to students who used CC or stock MT feedback. Through their
reflections on the MT experience, students gained a deeper understanding of the value of

comprehensive testing beyond the CC metric that they had used in earlier courses on simpler
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programs (Extract 39, Extract 40).

00000t 39 (OOO0): “MT was different than CC. MT would get CC but CC
would not always get all the MT. It’s actually a better form of indicating code

maintenance.”

D00000C 40 (O O0O0): “Sometimes CC would just cover line. But for MT, covering

a line is more meaningful. When a test fails, it tells you something is wrong here.”

10 out of 11 students using MT with modified feedback developed an appreciation for incre-
mental development and testing practices, recognizing the benefits of early testing and unit

testing (Extract 41).

0000000 41 (OO0O0): “I think if we waited and wrote the entire project and then

tested we’d have no clue where to start.”

The accessibility and immediacy of feedback provided by the MT plugin further contributed
to students’ growing comfort with testing practices (Extract 42, Extract 43). Moreover,
students (9 out of 11) reported that MT helped them discover previously unconsidered test

scenarios, leading to a more comprehensive approach to test case design (Extract 44).

O000000 42 (O0O00): “The plugin one was very helpful, it showed the overall
coverage, and also showed what classes had the lowest percentage coverage. You
could use it locally and run MT to see locally. So you don’t have to like submit

to Web-CAT every single time.”

0000000 43 (OO0OD): “After we figured out (MT), it does got a lot easier. (Later,

on Project 3) We were experts.”
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0000000 44 (OOO0): “It helped me see all the different possibilities where my

code is actually failing at where I would never actually realize in the first place.”

The modified MT feedback also contributed positively towards students’ testing attitudes.
They acknowledged that while MT required more effort, it helped them write more in-depth

test cases and potentially reduce issues and bugs (Extract 45).

0000000 45 (O0OD00): “When you're first starting the program you kind of hate
testing... But MT helps you think of more tests and like how rigorous your code

actually has to be tested. So I could test like that (rigorously) by myself.”

Based on our analysis, we derive the following Insight 5:
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Our qualitative analysis revealed significant improvements in students’ testing outcomes
when working with modified MT feedback. 10 out of 11 students demonstrated a systematic
approach to improving test suite coverage by strategically prioritizing classes with lower

coverage scores before addressing more complex cases (Extract 46).

0000000 46 (DO0O0): “I'd look at like the least number one, or like the least
percentage that’s covered. I'd go in that class, and I'd kill all the mutants in
that class first, and I’d move on to the other ones, because I know the ones with

the higher coverage would be harder to test overall.”
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They exhibited a better understanding of the purpose and value of their tests, transitioning

from superficial coverage to meaningful test cases (Extract 47).

0000000 47 (ODO0O0): “And so some test cases would be kind of pointless in
a sense, just to achieve line coverage but now tests are more so purposeful as

they’re designed to test and fail in certain cases.”

Students (8 out of 11) also showed enhanced ability to address testing requirements through

improved testing strategies (Extract 48).

0000000 48 (ODO0O0): “..That was test that were tested (by MT) and killed
specifically and say, Okay. Line 300 had a lot of mutants and those them were

killed. We're clearly not testing this part of the function well enough.”

As they gained experience with MT, students (9 out of 11) grew more confident and demon-

strated sophisticated decision-making in their testing approach (Extract 43, Extract 49).

0000000 49 (OOOD0): “We already had, like, previously written linked lists from
like CS2 course. But they would be missing like mutation coverage... If it wasn’t
needed in the project, and mutation was giving me issues. I just fix it or delete

it (redundant code).”

Despite the increased effort required, students (8 out of 11) recognized that MT led to better
outcomes, helping them discover edge cases and write more in-depth test cases (Extract 50,

Extract 44).

0000000 50 (OOOD): “From a students’ perspective, it was more annoying be-
cause it was more work. Potentially have less issues and bugs. It does help us

like write more in depth test cases which is the goal for our projects.”
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Based on our analysis, we derive the following Insight 6:
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Our qualitative analysis revealed a significant evolution in students’ testing strategies through-
out their experience with MT. As students gained experience with MT, they increasingly
adopted unit testing practices, moving from superficial testing to more meaningful and me-

thodical approaches (Extract 51, Extract 47).

0000000 51 (OO00): “I use the third option (unit testing) where I rewrite each
method and then test it. So if a problem comes up in the method, it doesn’t

cascade into like mixing that method within another method.”

They showed a clear adoption of incremental testing, emphasizing the importance of early

testing and improved efficiency as reported by all 11 students (Extract 41, Extract 52).

0000000 52 (OO00): “I would say, the MT strategy definitely allowed us to get
higher problem coverage with fewer submissions. If you look at [Web-CAT] okay,
you can definitely see the submissions went down with each project considerably.

I’ll say our first project was like over 112, and our final project was 47.”

Students also demonstrated a more systematic integration of testing throughout the devel-
opment process, recognizing the value of testing even when not explicitly required (Extract

53, Extract 54).
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0000000 53 (DO0O0): “I would say, the best method is writing the test first to

make sure your output looks how it should be.”

0000000 54 (OO00): “In Project 3, writing tests was not required. But testing
was definitely helpful. Which helped us figure out that the algorithm was little

bit flawed.”

MT influenced not only testing practices but also code design decisions, as students (5 out

of 11) learned to optimize their code for better maintainability (Extract 55).

0000000 55 (DO00): “Towards the end (after Project 2 or Project 3), I figured
how to write code to reduce the number of mutants. I would optimize it to be
better maintained. It was such a light bulb got on like, Oh, you could’ve reduce

the number of branches and saved a lot of error.”

The progression in testing strategy was evident in 4 out of 11 students’ recognition of best

practices, such as test-driven development, even when faced with constraints (Extract 56).

O000000 56 (COO0): “We didn’t use TDD (test-driven development) because
not all requirements were not known by us. We did not know all the functions

and parameter. But TDD would be the best.”

10 out of 11 students expressed strategic thinking in their testing approach, systematically

handling mutation feedback to identify and address weaknesses in their test cases (Extract

57).

0000000 57 (O0O00): “In the Mutation List, each class and the number of

branches, I would look at the mutants... We're clearly not testing this part
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of the function well enough, and I’ll go to the function. I’ll read it. And think

of how think of edge cases and how we can better test that function.”

Based on our analysis, we derive the following Insight 7:
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Our qualitative analysis revealed distinct differences in debugging practices between students
using MT and those relying solely on CC. 91% of MT users developed more systematic
debugging approaches compared to the ad-hoc methods employed by 83% CC users (Extract
58).

0000000 58 (DOOO): “Debugger is usually used when I have no idea’ — when I

don’t know what’s going wrong, but I know ‘something’ is wrong.”

Test-driven bug verification practices were more thorough among 9 out of 11 MT users, while

CC users (all 12 out of 12) relied on AAT without proper verification (Extract 59).

0000000 59 (DDO0): “Test the fix? We had a time crunch so we just submitted
to [Web-CAT] and once we saw it was working we didn’t bother with regression

testing the bug.”

MT users (10 out of 11) demonstrated more systematic approach to bug replication, lever-
aging MT feedback to identify edge cases (Extract 60). They also exhibited more mindful

and thorough testing compared to CC users (Extract 61).
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0000000 60 (OOOD): “I would say, edge cases mostly come from specs and for

MT, it would kind of tell us, okay, this branch is not killed, when this is ‘true’”

O000000 61 (DO00): “CC was easier to cover but MT was harder. For MT your

tests need to be more thorough.”

Post-fix validation methods were more comprehensive among MT users (6 out of 11), while
CC users often relied on minimal validation (Extract 4, Extract 44). The evolution of
debugging practices was particularly evident in MT users, who reported a change from
merely fixing bugs to preventing them through better code design and showed increased

appreciation for thorough testing (Extract 55).

Based on our analysis, we derive the following Insight 8:
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Insights (5-8) address our RQ3. Students using modified MT feedback demonstrated in-
creased appreciation for quality testing and testable code development (Insight 5), believed
leads to better test suite coverage (Insight 6), showed improved adoption of unit testing prac-
tices (Insight 7), and exhibited more mindful testing practices (Insight 8). These outcomes
suggest that modified MT feedback, combined with appropriate instructional resources, sig-

nificantly enhances students’ testing practices and learning outcomes compared to stock M'T

feedback.
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To validate the insight that OI0U0000 DOCOO OO DO0O 000000 000O0DOO 00 0000 boboo
J00 000000oDO 00 fOOoo 0oooboo DoooiobOodn, we conducted a quantitative analysis
of students’ test writing behavior using two metrics developed by [38]. The first metric,
“incTestWriting,” measures the difference in average time spent editing the solution versus
the test code, gauging the degree of incremental testing. Smaller values indicate closer align-
ment between test and solution edits, while larger values suggest that test editing occurs
later, after most of the solution code is written. This metric is calculated using the second
metric, “earlyOften,” which produces a weighted average based on the frequency of student
activity and its proximity to the project deadline. Together, these metrics help assess the

consistency of test writing throughout the project lifecycle.

Our analysis revealed significant differences in testing practices between the CC and MT
semesters. Students in both the MT,s and M Tyns semesters demonstrated significantly lower
(meaning, better) incremental test metric values compared to those in the CC semester (p-
value < 0:05) across all four projects. As illustrated in Figure 5.5, the box plots show that CC
semester students typically exhibited metric values between 3.0 and 5.0, while students in M'T
semesters consistently maintained values between 1.0 and 2.0. This indicates substantially

more incremental test writing behavior among MT students.

The quantitative evidence strongly supports our qualitative observation that MT use pro-
motes better integration of unit testing practices during project development. MT students
to develop and maintain their test suites alongside their solution code, instead of postpon-
ing testing until after completing the implementation. The consistent pattern across all
four projects further suggests that this improved testing behavior persists throughout the

semester rather than being either a temporary or a slowly learned effect. The adoption of
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incremental testing practices not only validates our qualitative findings but also highlights

the positive impact of MT on students’ overall testing approach.

Next we cross-check our insight that OIOUUUI0 000COOO0OO D000 CJOODOODOO OO DOCOOOOO
10000 00 OD00 000000000l 0ooo0O0o 00 bobo boooo 0Dobooboo 10000000000 boOoooog
00 00000 000 000 0o 00 0oooo 4O 00oooood. We analyzed mutation coverage scores
using MuJava, an independent mutation testing tool distinct from PIT, to minimize tool-

specific bias.

Students in MT semesters achieved significantly higher mutation coverage compared to those
in the CC semester. As shown in Figure 5.6, the median mutation coverage in the CC
semester was approximately 48%, while both MTys and M Trs semesters demonstrated no-
tably higher coverage at 65% and 73% respectively. The MT¢ semester, where students
used our modified MT feedback, showed the highest overall coverage scores. Due to vio-
lations of normality (p-value < 0:05) and homogeneity of variance assumptions (Levene’s
test, p-value < 0:05), we used non-parametric statistical analysis. The Kruskal-Wallis test,
followed by Dunn’s post-hoc analysis with Bonferroni correction, confirmed statistically sig-
nificant differences between all semester pairs (p-value < 0:001). This statistical evidence
strongly supports our qualitative finding that MT feedback enhances test suite coverage,
with modified feedback showing even greater improvements over stock MT feedback. This
quantitative evidence, combined with our interview findings where 70% of students reported
successfully improving their test coverage using MT feedback, demonstrates that modified

MT feedback effectively guides students toward developing more robust test suites.

Having established the positive impact of MT feedback on test suite quality, we next ex-
amined whether this improved testing practice translated into better overall code quality
and project outcomes. This analysis focused on two key aspects: the testability of stu-

dents’ code and their project correctness scores. To evaluate code testability, we analyzed
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students’ source code using PMD, focusing particularly on cyclomatic complexity metrics.
The analysis revealed significantly lower complexity values in MT semesters (mean values:
MTys = 152, MTms = 119) compared to the CC semester (mean = 220), with statistical
significance confirmed through Kruskal-Wallis and Dunn’s post-hoc tests (p-value < 0:05).
As illustrated in Figure 5.7, the complexity distribution curves show consistently lower val-
ues across student submissions in both MT semesters, with M Tm¢ demonstrating the most
favorable complexity profile. This improvement in code testability was accompanied by en-
hanced project outcomes. Analysis of project correctness scores showed that students using
modified MT feedback achieved significantly higher scores (p-value < 0:05) compared to
both CC and MTps semesters. While students using stock MT feedback initially struggled
in Project 1, they eventually achieved comparable scores by the semester’s end, as seen in
Figure 5.8 and Figure 5.9. This pattern suggests that our modified feedback helped students
overcome initial barriers in interpreting mutation testing results, enabling them to realize
their full potential earlier in the learning process. These findings quantitatively support our
insight that J00000O00 0000000 000000000 0OD0000COO000 000 UDOmen 0bob Dooooo ooog
00000000 D000 DRDOID0doOo Oooo Doidd Ooodooto OO 00000000, as reflected in both

their code complexity metrics and project outcomes.

Finally, we examined how MT influenced students’ testing behavior and their reliance on
Web-CAT AAT. Our qualitative observations suggested more mindful testing practices with
MT and reduced dependence on Web-CAT feedback, warranting quantitative verification of

these patterns.

Analysis of local testing behavior revealed that students using MT conducted significantly
more local test coverage checks compared to those using CC (p-value < 0:001). The mean
number of local test launches increased from 181 per student in the CC semester to 382

and 303 in MTys and M T semesters respectively, indicating more frequent local testing
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