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�BSTRACT

/H0S THES0S 0NVEST0GATES HOW LARGE LANGUAGE MODELS CAN SUPPORT THE CREAT0ON OF 0NTERh
D0SC0PL0NARY PROGRAMM0NG EXERC0SES FOR STUDENTS 0N a0OLOG0CAL AND •HEM0CAL r/d<
rC0ENCES: W0TH B0OLOGY PROV0D0NG A MEAN0NGFUL CONTEXT FOR LEARN0NG 0NTRODUCTORY PROh
GRAMM0NG%

2S0NG AN EXPLORATORY DES0GNhBASED RESEARCH APPROACH: THE STUDY DEVELOPS AND
EVALUATES A GENERAT0ON ARCH0TECTURE THAT COMB0NES STRUCTURED EDUCAT0ONAL 0NPUT: CONh
TEXTUAL GROUND0NG: GENERAT0ON: EVALUAT0ON: REfiNEMENT: AND PLATFORMhSPEC0fiC OUTPUT%
/HE ARCH0TECTURE WAS fiRST 0MPLEMENTED FOR 0ND0V0DUAL EXERC0SE GENERAT0ON AND SUBh
SEQUENTLY APPL0ED TO SEQUENCE GENERAT0ON

/HE RESULT0NG SYSTEM AND GENERATED MATER0AL WERE EVALUATED FROM THREE COMh
PLEMENTARY PERSPECT0VES% -NTERNAL EVALUAT0ON EXAM0NED THE BEHAV0OR AND REL0AB0L0TY
OF THE GENERAT0ON P0PEL0NE: TEACHERS AND DOMA0N EXPERTS ASSESSED THE QUAL0TY AND
CLASSROOM USAB0L0TY OF GENERATED SEQUENCES: AND STUDENTS EVALUATED THE0R EXPER0ENCE
W0TH THE CONTEXTUAL0ZED EXERC0SES% /HE fiND0NGS SHOW THAT THE ARCH0TECTURE PROV0DES
A PROM0S0NG BAS0S FOR CONTROLLED 0NTERD0SC0PL0NARY EXERC0SE GENERAT0ON WH0LE PRESERVh
0NG A ROLE FOR TEACHER ADAPTAT0ON AND CONTROL% ’EMA0N0NG L0M0TAT0ONS 0NCLUDE TEST
GENERAT0ON: D0VERS0TY OF EXERC0SE TYPES: AND 0NFORMAT0ON PRESENTAT0ON% rTUDENTS GENh
ERALLY PERCE0VED THE B0OLOG0CAL CONTEXT AS MAK0NG THE USEFULNESS OF PROGRAMM0NG
MORE V0S0BLE: ALTHOUGH NO CLEAR GENERAL 0NCREASE 0N MOT0VAT0ON WAS OBSERVED%
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3%o /HE SELFhDETERM0NAT0ON CONT0NUUM:b;[ % % % % % % % % % % % % % % % % % % % % fi
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REfiNE THE CORRESPOND0NG PROMPT OR 0NSTRUCT0ON WHEN NEEDED% % % % % % % t3

t%t 4ENERAT0ON WORK5OWS USED FOR THE CLASSROOM STUDY AND THE TEACHER AND
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CATEGOR0ES% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % ont

!%o vHAT A kk< CAN GENERATE W0THOUT MUCH GU0DANCE % % % % % % % % % % % % 3zz
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>%7 -NSTRUCT0ON 0N THE PROBLEM STATEMENT AND SCAfOLD ARE NOT AL0GNED % % % % 333
>%; /HE 0NSTRUCT0ON 0N THE PROBLEM STATEMENT WERE ADiUSTED % % % % % % % % % 333
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>%n /HE WORD0NG WAS 0MPROVED % % % % % % % % % % % % % % % % % % % % % % % % % 33t

-%o mO L0NES WERE PR0NTED % % % % % % % % % % % % % % % % % % % % % % % % % % % % % 33;
-%3 rOLVEDc rOURCE WAS A M0SMATCH BETWEEN TEST GENERAT0ON AND THE

EXECUT0ON ENV0RONMENT % % % % % % % % % % % % % % % % % % % % % % % % % % % % 33;
-%t � S0MPLE SYNTAX ERROR WAS 0DENT0fiED % % % % % % % % % % % % % % % % % % % % 33;
-%fl /HERE REMA0NED AN ERRORc M0SMATCH BETWEEN EXECUT0ON ENV0RONMENT

AND THE TEST GENERAT0ON % % % % % % % % % % % % % % % % % % % % % % % % % % % 33e
-%fi /HE SOLUT0ON CODE WAS NOT EXECUTED % % % % % % % % % % % % % % % % % % % % 33e
-%7 /HE PROBLEM WAS SOLVED BY REMOV0NG THE L0NES W0THOUT SOLV0NG THE 0SSUE 33e
-%; dNTER •APT0ON % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % 33n

k0ST OF /ABLES

t%o -NPUTS TO THE GENERAT0ON ENG0NE AND THE RESULT0NG OUTPUT ART0FACTS% % % % 3n
t%3 !UNCT0ONAL REQU0REMENTS OF THE GENERAT0ON ENG0NE AND THE0R DES0GN

RAT0ONALE% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % tz
t%t dVALUAT0ON FRAMEWORK USED TO ASSESS THE QUAL0TY AND TEACHER USAB0L0TY

OF GENERATED EXERC0SES AND SEQUENCES% % % % % % % % % % % % % % % % % % % % % to
t%fl dXERC0SEhEXPER0ENCE CATEGOR0ES USED TO ORGAN0ZE THE POSTh0NTERVENT0ON

QUEST0ONNA0RE 0TEMS FOR THE CONTEXTUAL0ZED GROUP% % % % % % % % % % % % % % flo

fl%o 9VERV0EW OF THE ARCH0TECTURAL 0TERAT0ONS AND THE0R RESULT0NG CAPAB0L0T0ES% fl7
fl%3 9BSERVED FA0LURE PATTERNS 0N REfiNED EXECUT0ONS% % % % % % % % % % % % % % % fi;
fl%t •OMPAR0SON OF HOW THE GENERAL ARCH0TECTURE 0S 0MPLEMENTED 0N THE

EXERC0SEh AND SEQUENCEhGENERAT0ON LAYERS% % % % % % % % % % % % % % % % % % % 7z

,%o •OND0T0ONS FOR SUCCESSFUL 0MPLEMENTAT0ON OF 0NTERD0SC0PL0NARY
PROGRAMM0NG EXERC0SES 0DENT0fiED 0N THE OPEN SURVEY RESPONSES% 1o D0D
NOT PROV0DE A RESPONSE TO TH0S QUEST0ON% % % % % % % % % % % % % % % % % % % onfl
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,%3 rUMMARY OF THE MA0N THEMES 0DENT0fiED ACROSS THE THREE EXPLORATORY
0NTERV0EWS% -NTERV0EW fiND0NGS ARE BASED ON WR0TTEN NOTES AND ARE
THEREFORE PRESENTED AS PARAPHRASED THEMES RATHER THAN D0RECT QUOTAT0ONS% onfi

d%o <A0N E/EACHER fiELDS RELEVANT TO THE GENERATED PROGRAMM0NG EXERC0SES% % on;
d%3 ’ELEVANT fiELDS OF THE E/EACHER OUTPUThTEST REPRESENTAT0ON USED 0N THE

GENERATED EXERC0SES% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % one
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EXERC0SE BLUEPR0NT% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % 3o7

>%o !EEDBACKhAGENT VERD0CTS AND COMPONENT CHANGES FOR TEACHERhDEfiNED AND
SYSTEMhGENERATED SPEC0fiCAT0ONS% dACH SPEC0fiCAT0ON WAS PROCESSED tz
T0MES% ó/EACHER AGENT ONLY:“ óSTUDENT AGENT ONLY:“ AND óBOTH AGENTS“
0ND0CATE WH0CH FEEDBACK PERSPECT0VES REQUESTED REV0S0ON%
•OMPONENThCHANGE COUNTS 0ND0CATE RUNS 0N WH0CH THE DRAFT AND fiNAL
COMPONENT WERE NOT 0DENT0CAL% p�BBREV0AT0ONSc / – TEACHERhDEfiNED
SPEC0fiCAT0ONs 4 – SYSTEMhGENERATED SPEC0fiCAT0ON%( % % % % % % % % % % % % 3oe

>%3 !0NAL S0M0LAR0TY METR0CS FOR TEACHERhDEfiNED AND SYSTEMhGENERATED
SPEC0fiCAT0ONS p/ – TEACHERhDEfiNED SPEC0fiCAT0ONs 4 – SYSTEMhGENERATED
SPEC0fiCAT0ON(% _ALUES ARE REPORTED PER SPEC0fiCAT0ON% % % % % % % % % % % % 3on

-%o � REfiNEMENT WAS MARKED AS SUCCESSFUL WHEN THE REfiNED SOLUT0ON AND
TEST CASES EXECUTED W0THOUT AN ERRORs TH0S DOES NOT NECESSAR0LY CONfiRM
THE0R FUNCT0ONAL CORRECTNESS% p/ – TEACHERhDEfiNED SPEC0fiCAT0ONs 4 –
SYSTEMhGENERATED SPEC0fiCAT0ON(% dACH SPEC0fiCAT0ON WAS EXECUTED tz
T0MES% ’EfiNEMENT SUCCESS RATE 0S COMPUTED OVER 0N0T0ALLY FA0L0NG RUNSs
fiNAL PASS RATE 0S COMPUTED OVER ALL RUNS% % % % % % % % % % % % % % % % % % % 337

I%o rELECTED TEACHER QUEST0ONNA0RE RESULTS ACROSS THE THREE GENERATED
SEQUENCES% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % 3to
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WR0TTEN FEEDBACK% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % 3tt
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bHAPTER o

dDUCAT0ONAL CONTEwT AND
PROBLEM SETT0NG

dDUCAT0ONAL CONTEXT a0OLOG0CAL AND CHEM0STRY r/d<hSC0ENCES pa•rv( 0S A STUDY
TRACK 0N !LEM0SH SECONDARY EDUCAT0ON W0TH A RELAT0VELY SMALL STUDENT POPULAT0ON OF
APPROX0MATELY o:tzz STUDENTS% -TS L0M0TED SCALE PROV0DES L0TTLE 0NCENT0VE FOR LARGE
EDUCAT0ONAL PUBL0SHERS TO DEVELOP EXTENS0VE TEACH0NG MATER0ALS SPEC0fiCALLY FOR TH0S
TRACK%

/H0S HAS PRACT0CAL CONSEQUENCES FOR TEACHERS% /HEY OFTEN CANNOT RELY ON A BROAD
SET OF TA0LORED RESOURCES% -NSTEAD: THEY COMB0NE MATER0AL FROM D0fERENT SOURCES%
/HEY USE ONL0NE PLATFORMS: SEARCH THE WEB FOR SU0TABLE EXERC0SES: ADAPT EX0ST0NG
RESOURCES: OR CREATE MATER0AL THEMSELVES%

/H0S CHALLENGE HAS BECOME MORE PRONOUNCED FOLLOW0NG THE 0NTRODUCT0ON OF PROGRAMM0NGh
RELATED LEARN0NG GOALS W0TH0N THE STUDY TRACK% aECAUSE THESE GOALS ARE RELAT0VELY NEW:
THE AVA0LAB0L0TY OF MATURE PROGRAMM0NG MATER0ALS THAT AL0GN W0TH BOTH THE CURR0CUh
LUM AND THE a•rv CONTEXT REMA0NS L0M0TED% /EACHERS 0N a•rv: THEREFORE: FACE A
DOUBLE CHALLENGE% /HEY WORK 0N A N0CHE TRACK W0TH L0M0TED PUBL0SHER SUPPORT AND
FOR WH0CH SU0TABLE RESOURCES ARE ST0LL EMERG0NG%

v0TH0N TH0S CONTEXT: E/EACHER 0S ONE EXAMPLE OF EX0ST0NG D0G0TAL SUPPORT% /HE
PLATFORM ALREADY OfERS A PROGRAMM0NG COURSE THAT FOLLOWS THE LEARN0NG GOALS SET BY
THE !LEM0SH GOVERNMENT% >OWEVER: THE EXERC0SE L0BRARY 0S LARGELY STAT0C% -T WAS ALSO
NOT DES0GNED SPEC0fiCALLY FOR STUDENTS 0N a•rv% /EACHERS US0NG THE PLATFORM HAVE
OBSERVED THAT SOME STUDENTS QUEST0ON WHY PROGRAMM0NG 0S RELEVANT TO THE0R STUD0ES%
rOME ASK WHY THEY SHOULD LEARN 0T AT ALL% �VA0LABLE EXERC0SES MAY THEREFORE ADDRESS
THE REQU0RED PROGRAMM0NG CONCEPTS: W0THOUT CLEARLY CONNECT0NG TO THE 0NTERESTS OR
PERCE0VED NEEDS OF TH0S STUDENT GROUP%

/EACHERS HAVE EXPRESSED A NEED FOR PROGRAMM0NG MATER0ALS THAT fiT THE a•rv
CONTEXT MORE CLOSELY% •ONVERSAT0ONS W0TH TEACHERS DUR0NG TH0S STUDY ALSO SUGGEST THAT
CLASSROOMS D0fER 0N 0MPORTANT WAYS% /EACHERS NOT ONLY VARY 0N THE TYPE OR D0ffiCULTY
OF EXERC0SES THEY WANT: BUT ALSO 0N THE0R PREFERRED PEDAGOG0CAL APPROACH% rOME FAVOR
PROiECThBASED LEARN0NG: WH0LE OTHERS PREFER CLEARLY STRUCTURED LEARN0NG PATHS% 9THERS
COMB0NE BOTH APPROACHES% -N ADD0T0ON: SOME TEACHERS WANT PROGRAMM0NG EXERC0SES
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TO AL0GN MORE CLOSELY W0TH THE WORLD AND DOMA0N CONTEXT OF THE0R STUDENTS%
/AKEN TOGETHER: THESE OBSERVAT0ONS PO0NT TO A CLEAR NEED FOR MORE CUSTOM0ZED

PROGRAMM0NG CONTEXT FOR a•rv% �T THE SAME T0ME: a•rv 0S A RELAT0VELY SMALL
STUDY TRACK% �NY SOLUT0ON MUST THEREFORE BE V0ABLE AND SCALABLE% /H0S CREATES A
STRONG RAT0ONALE FOR EXPLOR0NG MORE 5EX0BLE APPROACHES TO CONTENT CREAT0ON% rUCH
APPROACHES CAN RESPOND TO THE SPEC0fiC NEEDS OF 0ND0V0DUAL TEACHERS AND CLASSROOMS%

1ROBLEM rTATEMENT dX0ST0NG PROGRAMM0NG EXERC0SES ARE OFTEN GENER0C AND 0NSUFh
fiC0ENTLY CONNECTED TO THE EDUCAT0ONAL CONTEXT OF a•rv STUDENTS% �LTHOUGH THESE
EXERC0SES MAY ADDRESS THE REQU0RED PROGRAMM0NG CONCEPTS: THEY MAY NOT CLEARLY
COMMUN0CATE HOW PROGRAMM0NG RELATES TO THE STUDENTS‘ STUDY DOMA0N%

•REAT0NG OR ADAPT0NG CONTEXTUAL0ZED EXERC0SES MANUALLY REQU0RES CONS0DERABLE
T0ME AND EfORT FROM TEACHERS AND 0S D0ffiCULT TO SCALE% <OREOVER: SU0TABLE EXERC0SES
MUST DO MORE THAN 0NTRODUCE A B0OLOG0CAL SETT0NG% /HEY MUST REMA0N AL0GNED W0TH
THE PROGRAMM0NG LEARN0NG GOALS: MATCH STUDENTS‘ PR0OR KNOWLEDGE: AND COMB0NE THE
PROGRAMM0NG TASK AND B0OLOG0CAL CONTEXT COHERENTLY%

/H0S CREATES A NEED FOR A 5EX0BLE GENERAT0ON APPROACH THAT CAN PRODUCE 0NTERD0Sh
C0PL0NARY PROGRAMM0NG EXERC0SES WH0LE ALLOW0NG EDUCAT0ONAL REQU0REMENTS TO REMA0N
CONTROLLED% kARGE LANGUAGE MODELS OfER THE 5EX0B0L0TY TO GENERATE VAR0ED CONTENT
FROM STRUCTURED 0NSTRUCT0ONS: BUT THE0R OUTPUTS MUST ALSO BE EVALUATED FOR TECHN0CAL
CORRECTNESS: PEDAGOG0CAL SU0TAB0L0TY: CONTEXTUAL RELEVANCE: AND PRACT0CAL USAB0L0TY%

’ESEARCH OBiECT0VE /HE OBiECT0VE OF TH0S THES0S 0S TO 0NVEST0GATE WHETHER kk<h
BASED GENERAT0ON CAN BE USED TO CREATE PROGRAMM0NG EXERC0SES THAT ARE BOTH CURR0CULUMh
AL0GNED AND MEAN0NGFULLY CONTEXTUAL0ZED US0NG B0OLOGY CONCEPTS RELEVANT TO STUDENTS
0N a•rv% -N ADD0T0ON: TH0S THES0S A0MS TO EXAM0NE HOW THE QUAL0TY AND USAB0L0TY
OF SUCH EXERC0SES ARE EVALUATED BY TEACHERS AND DOMA0N EXPERTS: AND HOW STUDENTS
PERCE0VE THE0R MOT0VAT0ONAL VALUE FOR LEARN0NG PROGRAMM0NG%

’ESEARCH QUEST0ONS

o% >OW CAN kk<S GENERATE 0NTERD0SC0PL0NARY PROGRAMM0NG EXERC0SESq

3% >OW DO TEACHERS AND DOMA0N EXPERTS EVALUATE QUAL0TY AND USAB0L0TYq

] �RE THE GENERATED EXERC0SES PEDAGOG0CALLY APPROPR0ATE AND CONTEXTUALLY
RELEVANTq

] >OW MUCH DO THE TEACHERS OF a•rv NEED TO ADAPT THE GENERATED EXERC0SE
BEFORE USEq

t% >OW D0D STUDENTS EXPER0ENCE THE GENERATED CONTEXTUAL0ZED PROGRAMM0NG EXERh
C0SES: AND WHAT WAS THE0R PERCE0VED 0MPACT ON MOT0VAT0ONq
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k0TERATURE ’EV0EW

3)o /HEORET0CAL FRAMEWORKS FOR MOT0VAT0ON AND
LEARN0NG EwPER0ENCE

<OT0VAT0ON 0S AN 0MPORTANT FACTOR 0N LEARN0NG: BUT 0T SHOULD NOT BE TREATED AS A
S0NGLE GENERAL CONSTRUCT% rTUDENTS CAN ENGAGE W0TH A TASK FOR D0fERENT REASONS% rOME
STUDENTS MAY WORK BECAUSE THEY fiND THE TASK MEAN0NGFUL OR 0NTEREST0NG: WH0LE OTHERS
MAY WORK MA0NLY BECAUSE OF PRESSURE: GRADES: OR FEAR OF FA0LURE% /H0S D0ST0NCT0ON 0S
0MPORTANT FOR TH0S THES0S BECAUSE CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES A0M TO MAKE
PROGRAMM0NG TASKS MORE MEAN0NGFUL FOR STUDENTS%

/H0S SECT0ON fiRST 0NTRODUCES rELFh,ETERM0NAT0ON /HEORY AS A FRAMEWORK FOR UNh
DERSTAND0NG D0fERENT TYPES OF MOT0VAT0ON% -T THEN D0SCUSSES WHY THE TYPE OF MOT0VAh
T0ON MATTERS 0N EDUCAT0ON% !0NALLY: 0T 0NTRODUCES <�r’k TO EXPLA0N HOW STUDENTS‘
MOT0VAT0ON CAN 0NTERACT W0TH THE0R EXPER0ENCE OF A SPEC0fiC LEARN0NG TASK%

3)o)o rELFh,ETERM0NAT0ON /HEORY

�CCORD0NG TO ’YAN AND ,EC0 b;[: rELFh,ETERM0NAT0ON /HEORY pr,/( OfERS A USEFUL
FRAMEWORK FOR UNDERSTAND0NG MOT0VAT0ON 0N A MORE NUANCED WAY THAN V0EW0NG 0T
AS A S0NGLE MEASURABLE CONSTRUCT% ’ATHER THAN TREAT0NG MOT0VAT0ON AS SOMETH0NG A
PERSON HAS MORE OR LESS OF: r,/ D0ST0NGU0SHES BETWEEN D0fERENT TYPES OF MOT0VAT0ON
AND EXPLA0NS HOW THE SOC0AL ENV0RONMENT AND THE SELF SHAPE THESE% /H0S D0ST0NCT0ON
0S RELEVANT TO TH0S THES0S BECAUSE CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES ARE 0NTENDED
TO HELP STUDENTS RECOGN0ZE THE RELEVANCE OF PROGRAMM0NG W0TH0N THE0R STUDY DOMA0N%
r,/ THEREFORE SUPPORTS THE EVALUAT0ON OF WHETHER STUDENTS ENGAGE BECAUSE THEY
ENiOY THE EXERC0SES: RECOGN0ZE THE0R VALUE: EXPER0ENCE EXTERNAL PRESSURE: OR PERCE0VE
L0TTLE REASON TO PART0C0PATE%

r,/ PROPOSES THAT MOT0VAT0ON 0S 0N5UENCED BY THE SAT0SFACT0ON OF THREE BAS0C
PSYCHOLOG0CAL NEEDSc AUTONOMY: REFERR0NG TO A SENSE OF CHO0CE AND OWNERSH0Ps COMh
PETENCE: REFERR0NG TO FEEL0NG CAPABLE OF SUCCEED0NG AND MAK0NG PROGRESSs AND RELATh
EDNESS: REFERR0NG TO FEEL0NG SUPPORTED AND CONNECTED TO OTHERS b;[% rAT0SFACT0ON OF
THESE NEEDS 0S GENERALLY ASSOC0ATED W0TH MORE SELFhDETERM0NED FORMS OF MOT0VAT0ON
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AND GREATER WELLhBE0NG: WHEREAS THE0R FRUSTRAT0ON MAY CONTR0BUTE TO CONTROLLED MOT0h
VAT0ON OR D0SENGAGEMENTb;: o;[% rELFhDETERM0NED MOT0VAT0ON REFERS TO MOT0VAT0ON THAT
0S EXPER0ENCED AS COM0NG MORE FROM THE SELF: RATHER THAN FROM EXTERNAL OR 0NTERNAL
PRESSURE%

’ATHER THAN TREAT0NG MOT0VAT0ON AS A S0NGLE CONSTRUCT: r,/ PLACES D0fERENT
FORMS OF MOT0VAT0ON ON A CONT0NUUM RANG0NG FROM LESS SELFhDETERM0NED TO MORE SELFh
DETERM0NED FORMS OF MOT0VAT0ON: AS SHOWN 0N !0GURE 3%o b;[% 9N THE LEFT S0DE ARE
FORMS OF MOT0VAT0ON THAT ARE EXPER0ENCED AS LESS AUTONOMOUS: W0TH AMOT0VAT0ON REPh
RESENT0NG THE MOST mONSELFhDETERM0NED FORM% 9N THE R0GHT S0DE ARE FORMS THAT ARE
EXPER0ENCED AS MORE AUTONOMOUS: W0TH 0NTR0NS0C MOT0VAT0ON REPRESENT0NG THE MOST
SELFhDETERM0NED FORM%

�MOT0VAT0ON REFERS TO A LACK OF 0NTENT0ON TO ACT: FOR EXAMPLE BECAUSE A PERSON
DOES NOT EXPECT THE0R EfORT TO PRODUCE A MEAN0NGFUL OUTCOME% dXTERNAL REGULAT0ON
DESCR0BES PART0C0PAT0ON DR0VEN BY REWARDS: DEMANDS: OR THE AVO0DANCE OF PUN0SHMENT%
-NTROiECTED REGULAT0ON 0S DR0VEN BY 0NTERNAL PRESSURE: SUCH AS GU0LT: SHAME: OBL0GAT0ON:
OR THE DES0RE TO PROTECT ONE‘S SELFhWORTH% �LTHOUGH TH0S PRESSURE COMES FROM W0TH0N
THE 0ND0V0DUAL: THE ACT0V0TY 0S NOT YET FULLY EXPER0ENCED AS PERSONALLY CHOSEN%

-DENT0fiED REGULAT0ON 0S MORE AUTONOMOUSc THE ACT0V0TY MAY NOT BE 0NHERENTLY
ENiOYABLE: BUT THE LEARNER RECOGN0ZES AND ACCEPTS 0TS VALUE% v0TH 0NTEGRATED REGUh
LAT0ON: TH0S VALUE HAS ALSO BECOME AL0GNED W0TH THE 0ND0V0DUAL‘S BROADER BEL0EFS AND
SENSE OF SELF% /HE D0ST0NCT0ON CAN BE SUMMAR0ZED AS FOLLOWSc 0DENT0fiED REGULAT0ON:
?- DO TH0S BECAUSE - TH0NK 0T 0S 0MPORTANT?: WHEREAS 0NTEGRATED REGULAT0ON MEANS:?-
DO TH0S BECAUSE 0T fiTS W0TH WHO - AM%? �T THE MOST SELFhDETERM0NED END: 0NTR0NS0C
MOT0VAT0ON REFERS TO ENGAG0NG 0N AN ACT0V0TY BECAUSE 0T 0S 0NHERENTLY 0NTEREST0NG OR
ENiOYABLE%b;[

dXTERNAL AND 0NTROiECTED REGULAT0ON ARE THEREFORE CONS0DERED FORMS OF CONTROLLED
MOT0VAT0ON: WHEREAS 0DENT0fiED AND 0NTEGRATED REGULAT0ON: TOGETHER W0TH 0NTR0NS0C MOh
T0VAT0ON: ARE GROUPED UNDER AUTONOMOUS MOT0VAT0ON%b;[ /H0S D0ST0NCT0ON PROV0DES THE
THEORET0CAL BAS0S FOR THE FOUR MOT0VAT0ONAL D0MENS0ONS EXAM0NED 0N THE CLASSROOM
STUDY US0NG THE r0TUAT0ONAL <OT0VAT0ON rCALE pr-<r(c 0NTR0NS0C MOT0VAT0ON: 0DENT0h
fiED REGULAT0ON: EXTERNAL REGULAT0ON: AND AMOT0VAT0ONbofl[%

3)o)3 dDUCAT0ONAL RELEVANCE OF rELFh,ETERM0NAT0ON /HEORY
/HE D0ST0NCT0ON BETWEEN THESE FORMS OF MOT0VAT0ON 0S 0MPORTANT 0N EDUCAT0ON BECAUSE
STUDENTS MAY DEMONSTRATE S0M0LAR LEVELS OF EfORT WH0LE PART0C0PAT0NG FOR FUNDAMENh
TALLY D0fERENT REASONS% rOME STUDENTS MAY ENGAGE BECAUSE THEY fiND AN ACT0V0TY 0Nh
TEREST0NG OR RECOGN0ZE 0TS VALUE: WHEREAS OTHERS MAY ACT PR0MAR0LY BECAUSE OF GRADES:
PRESSURE: GU0LT: OR FEAR OF FA0LURE% 9BSERVABLE EfORT ALONE THEREFORE DOES NOT FULLY
0ND0CATE THE QUAL0TY OF A STUDENT‘S MOT0VAT0ON%

/H0S 0S 0LLUSTRATED BY THE LARGEhSCALE METAhANALYS0S bo;[: WH0CH EXAM0NED tflfl SAMh
PLES W0TH MORE THAN 3zz:zzz STUDENTS FROM VAR0OUS COUNTR0ES% /HE STUDY SHOWED THAT
THE D0fERENT MOT0VAT0ONAL REGULAT0ONS D0ST0NGU0SHED BY r,/ HAVE D0fERENT RELAT0ONh
SH0PS W0TH EDUCAT0ONAL OUTCOMESbo;: ot[% <ORE GENERALLY: AUTONOMOUS MOT0VAT0ON 0S
ASSOC0ATED W0TH BENEfiC0AL OUTCOMES SUCH AS ENGAGEMENT: PERS0STENCE: ACH0EVEMENT:
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80G2RE 3poc /HE SELFhDETERM0NAT0ON CONT0NUUM:b;[

AND WELLhBE0NG: WHEREAS CONTROLLED MOT0VAT0ON AND AMOT0VAT0ON SHOW LESS FAVORABLE
OR MORE VAR0ABLE RELAT0ONSH0PS W0TH THESE OUTCOMES bo;[% -N THAT SENSE: MOT0VAT0ON
CAN BE SEEN AS A DR0V0NG FORCE BEH0ND LEARN0NG: AS 0T SUPPORTS BOTH PERFORMANCE AND
THE AB0L0TY TO RESPOND W0TH CHALLENGES DUR0NG THE LEARN0NG PROCESS bn[%

<ORE AUTONOMOUS FORMS OF MOT0VAT0ON ARE GENERALLY ASSOC0ATED W0TH BENEfiC0AL
EDUCAT0ONAL OUTCOMES% rTUDENTS WHO ACT BECAUSE AN ACT0V0TY 0S 0NTEREST0NG OR BECAUSE
THEY PERSONALLY RECOGN0ZE 0TS VALUE TEND TO ACH0EVE BETTER RESULTS bo;[b;[: SHOW GREATER
PERS0STENCE bo;[: AND ENGAGE MORE DEEPLY W0TH THE LEARN0NG MATER0ALb;[% /HEY ARE
ALSO MORE L0KELY TO FOCUS ON UNDERSTAND0NG AND MASTER0NG THE MATER0AL RATHER THAN
S0MPLY COMPLET0NG TASKS OR OUTPERFORM0NG OTHERS bot[% -N ADD0T0ON: THESE FORMS OF
MOT0VAT0ON ARE ASSOC0ATED W0TH MORE POS0T0VE EMOT0ONAL EXPER0ENCES 0N SCHOOL% -T
LEADS TO GREATER ENiOYMENT: 0NTEREST: AND A STRONGER SENSE OF COMPETENCE b;[bot[%

•ONTROLLED MOT0VAT0ON CAN ALSO LEAD STUDENTS TO 0NVEST EfORT% rTUDENTS MAY
PART0C0PATE BECAUSE THEY WANT TO OBTA0N A REWARD: AVO0D PUN0SHMENT: MEET EXPECTAh
T0ONS: OR AVO0D FEEL0NGS SUCH AS GU0LT AND SHAME% >OWEVER: TH0S FORM OF ENGAGEMENT
0S GENERALLY MORE FRAG0LEb;[% ’ESEARCH SHOWS THAT THESE FORMS OF MOT0VAT0ON ARE OFTEN
ASSOC0ATED W0TH ANX0ETY: NEGAT0VE AfECT: AND MALADAPT0VE COP0NG%bot[ -NTROiECTED REGh
ULAT0ON MAY ST0LL LEAD TO PERS0STENCE AND OBSERVABLE EfORT: BUT TH0S OFTEN COMES AT AN
EMOT0ONAL COSTbot[% dXTERNAL REGULAT0ON ALSO DOES NOT REL0ABLY SUPPORT ACADEM0C PERh
FORMANCE OR LONGhTERM PERS0STENCE% rTUDENTS CAN THEREFORE APPEAR MOT0VATED WH0LE
EXPER0ENC0NG THE LEARN0NG PROCESS AS STRESSFUL OR PSYCHOLOG0CALLY DEMAND0NGb;[bot[%

�MOT0VAT0ON PRESENTS A D0fERENT EDUCAT0ONAL CONCERN% -T CAN OCCUR WHEN STUh
DENTS DO NOT EXPECT THE0R ACT0ONS TO PRODUCE A MEAN0NGFUL OUTCOME OR NO LONGER
BEL0EVE THAT THEY ARE CAPABLE OF SUCCEED0NG% �MOT0VAT0ON 0S ASSOC0ATED W0TH L0M0TED
ENGAGEMENT: LOW PERS0STENCE: POORER ACH0EVEMENT: AND NEGAT0VE EMOT0ONAL EXPER0h
ENCES SUCH AS BOREDOM AND ANX0ETYbo;: ;[% ’EPEATED EXPER0ENCES OF CONFUS0ON OR
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EXCESS0VE D0ffiCULTY MAY RE0NFORCE EXPECTAT0ONS OF FA0LURE AND REDUCE STUDENTS‘ W0LLh
0NGNESS TO 0NVEST EfORT% 9VER T0ME: STUDENTS MAY STOP BEL0EV0NG THAT THE0R ACT0ONS
CAN AfECT THE OUTCOME: WH0CH CAN CONTR0BUTE TO LEARNED HELPLESSNESS% 1REVENT0NG
SUCH EXPER0ENCES 0S THEREFORE RELEVANT NOT ONLY TO ACADEM0C PERFORMANCE BUT ALSO TO
STUDENTS‘ CONfiDENCE AND PSYCHOLOG0CAL WELLhBE0NGbo;[b;[%

’ELEVANCE TO CONTEXTUAL0yED PROGRAMM0NG EXERC0SES) /HESE D0ST0NCT0ONS ARE
PART0CULARLY RELEVANT 0N SECONDARY EDUCAT0ON: WHERE GRADES: TESTS: AND OTHER EXTERNAL
EXPECTAT0ONS CAN ENCOURAGE PART0C0PAT0ON W0THOUT NECESSAR0LY HELP0NG STUDENTS EXh
PER0ENCE A LEARN0NG ACT0V0TY AS MEAN0NGFUL% dDUCAT0ONAL DES0GN SHOULD THEREFORE NOT
FOCUS EXCLUS0VELY ON WHETHER STUDENTS COMPLETE AN ACT0V0TY: BUT SHOULD ALSO SUPPORT
THE0R AB0L0TY TO UNDERSTAND 0TS PURPOSE: EXPER0ENCE COMPETENCE: AND RECOGN0ZE 0TS
VALUE%

•ONTEXTUAL0ZAT0ON PROV0DES ONE POSS0BLE WAY OF MAK0NG TH0S VALUE MORE V0S0BLE%
•ONNECT0NG LEARN0NG ACT0V0T0ES TO STUDENTS‘ 0NTERESTS: STUDY DOMA0N: FUTURE GOALS: OR
POSS0BLE REALhWORLD APPL0CAT0ONS MAY SUPPORT ENGAGEMENT AND S0TUAT0ONAL 0NTEREST% -N
TH0S THES0S: CONNECT0NG PROGRAMM0NG EXERC0SES TO B0OLOGY 0S THEREFORE EXAM0NED AS A
POSS0BLE WAY OF HELP0NG STUDENTS RECOGN0ZE WHY PROGRAMM0NG MAY BE RELEVANT W0TH0N
THE0R STUDY DOMA0N% !ROM AN r,/ PERSPECT0VE: TH0S CONNECT0ON MAY PART0CULARLY
SUPPORT 0DENT0fiED REGULAT0ON BY MAK0NG THE VALUE OF PROGRAMM0NG MORE APPARENT%

>OWEVER: CONTEXTUAL0ZAT0ON DOES NOT AUTOMAT0CALLY RESULT 0N MORE AUTONOMOUS
MOT0VAT0ON% -TS EfECT DEPENDS ON THE CHOSEN CONTEXT AND ON HOW STUDENTS EXPER0ENCE
THE RESULT0NG EXERC0SE% �N UNFAM0L0AR CONTEXT: AN OVERLY D0ffiCULT PROGRAMM0NG TASK:
OR AN UNNECESSAR0LY LONG PROBLEM DESCR0PT0ON MAY 0NSTEAD CONTR0BUTE TO CONFUS0ON
OR PERCE0VED D0ffiCULTY% /HE EDUCAT0ONAL OPPORTUN0T0ES AND POSS0BLE L0M0TAT0ONS OF
CONTEXTUAL0ZAT0ON ARE D0SCUSSED FURTHER 0N rECT0ON 3%3%t%

v0TH0N TH0S THES0S: r,/ PROV0DES THE MA0N FRAMEWORK FOR EXAM0N0NG THE SOURCE
AND QUAL0TY OF STUDENTS‘ MOT0VAT0ON% -T UNDERL0ES THE FOUR MOT0VAT0ONAL D0MENS0ONS EXh
AM0NED 0N THE CLASSROOM STUDY US0NG THE r0TUAT0ONAL <OT0VAT0ON rCALE pr-<r(c 0NTR0Nh
S0C MOT0VAT0ON: 0DENT0fiED REGULAT0ON: EXTERNAL REGULAT0ON: AND AMOT0VAT0ON >OWEVER:
r,/ PROV0DES LESS DETA0L ABOUT HOW MOT0VAT0ON 0NTERACTS W0TH COGN0T0ON: EMOT0ONS:
PERCE0VED D0ffiCULTY: AND SELFhREGULAT0ON WH0LE STUDENTS WORK ON A SPEC0fiC LEARN0NG
TASK% /HE FOLLOW0NG SECT0ON THEREFORE 0NTRODUCES THE <ETACOGN0T0VE AND �fECT0VE
<ODEL OF rELFh’EGULATED kEARN0NG TO EXAM0NE THESE TASKhLEVEL 0NTERACT0ONS

3)o)t lETACOGN0T0VE AND �fECT0VE lODEL OF rELFh’EGULATED
kEARN0NG

vH0LE r,/ DESCR0BES THE SOURCE AND QUAL0TY OF STUDENTS‘ MOT0VAT0ON: THE <ETACOGh
N0T0VE AND �fECT0VE <ODEL OF rELFh’EGULATED kEARN0NG p<�r’k( FOCUSES ON HOW
MOT0VAT0ON 0NTERACTS W0TH COGN0T0ON: METACOGN0T0ON: SELFhREGULAT0ON: AND AfECT DURh
0NG A SPEC0fiC LEARN0NG TASKbe[% -N TH0S THES0S: <�r’k SERVES TWO MA0N PURPOSES%
!0RST: 0T FUNCT0ONS AS A PREVENT0VE DES0GN LENS BY HELP0NG 0DENT0FY HOW FEATURES OF
AN EXERC0SE MAY CONTR0BUTE TO CONFUS0ON: PERCE0VED D0ffiCULTY: REDUCED CONfiDENCE: OR
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D0SENGAGEMENT% /H0S PROV0DES GU0DANCE FOR L0M0T0NG SUCH R0SKS DUR0NG EXERC0SE DEh
S0GN% rECOND: THE MODEL HELPS SHAPE THE STUDENT EVALUAT0ON BY DRAW0NG ATTENT0ON TO
TASKhLEVEL EXPER0ENCES SUCH AS PERCE0VED D0ffiCULTY: CONfiDENCE: 0NTEREST: AND STUDENTS‘
PERCEPT0ONS OF THE CONTEXT%

/HE l�r’k FRAMEWORK

<�r’k BU0LDS ON THE BROADER CONCEPT OF SELFhREGULATED LEARN0NG% rELFhREGULATED
LEARN0NG REFERS TO THE PROCESSES THROUGH WH0CH LEARNERS MON0TOR AND ADiUST ASPECTS
OF THE0R COGN0T0ON: MOT0VAT0ON: BEHAV0OR: AND LEARN0NG STRATEG0ES 0N PURSU0T OF THE0R
GOALS% /H0S MON0TOR0NG MAY 0NVOLVE CONSC0OUS iUDGMENTS: SUCH AS RECOGN0Z0NG CONh
FUS0ON OR DEC0D0NG TO SEEK HELP:be[% �LL LEARNERS ENGAGE 0N THESE PROCESSES TO VARY0NG
DEGREES% /HE D0fERENCES L0E 0N HOW EfECT0VELY LEARNERS REGULATE THE0R OWN LEARN0NG
be[%

<�r’k PLACES PART0CULAR EMPHAS0S ON HOW THESE PROCESSES 0NTERACT% !URTHERh
MORE: 0T H0GHL0GHTS THE ROLE OF METAhCOGN0T0ON AND AfECT% <ETAhCOGN0T0ON REFERS TO
LEARNERS‘ AWARENESS AND REGULAT0ON OF THE0R OWN TH0NK0NG% �fECT REFERS TO THE0R EMOh
T0ONAL RESPONSES DUR0NG LEARN0NG% /OGETHER: THESE CONCEPTS HELP EXPLA0N HOW LEARNERS
MON0TOR WHAT 0S HAPPEN0NG: HOW THEY FEEL ABOUT 0T: AND HOW THOSE REACT0ONS CAN
LEAD TO CHANGES 0N STRATEGY: EfORT: OR BEHAV0OR% <�r’k STRUCTURES TH0S 0NTERACT0ON
THROUGH TWO RELATED LEVELSc THE ?PERSON LEVEL? AND THE ?TASK X PERSON LEVEL? be: 3o[%

1ERSON LEVEL /HE ?PERSON LEVEL? CONS0STS OF RELAT0VELY STABLE CHARACTER0ST0CS THAT A
LEARNER BR0NGS 0NTO ANY LEARN0NG S0TUAT0ON% -T 0NCLUDES TRA0TS SUCH AS GENERAL KNOWLh
EDGE: SELFhCONCEPT: AND METACOGN0T0VE KNOWLEDGE% <ETACOGN0T0VE KNOWLEDGE REFERS TO
A LEARNER‘S MORE STABLE BEL0EFS ABOUT THE0R OWN AB0L0T0ES: WHAT A TASK DEMANDS: AND
USEFUL STRATEG0ES% /HESE CHARACTER0ST0CS SHAPE HOW LEARNERS SET GOALS AND PLAN THE0R
0N0T0AL APPROACH% be: 3o[%

/ASK X 1ERSON LEVEL /HE ?TASK X PERSON? LEVEL REFERS TO WHAT HAPPENS WH0LE
THE LEARNER 0S WORK0NG ON A SPEC0fiC TASK% �T TH0S LEVEL: LEARNERS FORM TASKhSPEC0fiC
iUDGMENTS AND FEEL0NGS: SUCH AS EST0MAT0NG HOW MUCH T0ME A TASK W0LL TAKE: OR HAV0NG
A FEEL0NG OF CONFUS0ON OR D0ffiCULTY% /HESE METACOGN0T0VE EXPER0ENCES PROV0DE FEEDBACK
ABOUT HOW THE TASK 0S PROGRESS0NG AND MAY LEAD LEARNERS TO PERS0ST: CHANGE STRATEGY:
OR SEEK HELPbe: 3o[%

�N 0MPORTANT ASPECT OF THESE EXPER0ENCES 0S HOW LEARNERS 0NTERPRET THE D0ffiCULT0ES
THEY ENCOUNTER% /HE SAME D0ffiCULTY MAY BE UNDERSTOOD AS A TEMPORARY CHALLENGE:
AS EV0DENCE THAT THE CURRENT STRATEGY 0S 0NEfECT0VE: OR AS AN 0ND0CAT0ON THAT THE
LEARNER LACKS AB0L0TY% /H0S 0NTERPRETAT0ON 0S 0N5UENCED BY THE MORE STABLE BEL0EFS AT
THE PERSON LEVEL% �S A RESULT: LEARNERS MAY M0SATTR0BUTE D0ffiCULTY TO THEMSELVES OR
TO THE SUBiECT: EVEN WHEN 0T 0S CAUSED BY THE TASK FORMULAT0ON: THE SELECTED CONTEXT:
OR AN UNFAM0L0AR CONCEPT% rUCH 0NTERPRETAT0ONS CAN 0N5UENCE CONfiDENCE: PERS0STENCE:
AND FUTURE ENGAGEMENT%

;
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/OPhDOWN AND BOTTOMhUP REGULAT0ON /HE TWO LEVELS 0N5UENCE ONE ANOTHER
THROUGH TOPhDOWN AND BOTTOMhUP REGULAT0ON% -N TOPhDOWN REGULAT0ON: PERSONh
LEVEL KNOWLEDGE: BEL0EFS: AND EXPECTAT0ONS SHAPE HOW LEARNERS 0N0T0ALLY APPROACH AND
0NTERPRET A TASK% !OR EXAMPLE: A STUDENT WHO BEL0EVES THAT THEY ARE CAPABLE OF
PROGRAMM0NG MAY APPROACH A D0ffiCULT EXERC0SE W0TH MORE CONfiDENCEbe: 3o[% -N
BOTTOMhUP REGULAT0ON: EXPER0ENCES DUR0NG THE TASK LEAD LEARNERS TO ADiUST THE0R
EfORT: STRATEGY: GOALS: OR HELPhSEEK0NG% /HESE TASKhLEVEL EXPER0ENCES MAY BE POS0T0VE
OR NEGAT0VE% ’EPEATED EXPER0ENCES CAN ALSO GRADUALLY 0N5UENCE THE MORE STABLE
PERSON LEVEL% ’EPEATED SUCCESS MAY STRENGTHEN A LEARNER‘S CONfiDENCE OR 0NTEREST:
WH0LE REPEATED D0ffiCULTY MAY WEAKEN THESE BEL0EFS% rUCH CHANGES GENERALLY DEVELOP
ACROSS MULT0PLE EXPER0ENCES RATHER THAN THROUGH ONE 0SOLATED TASKbe: 3o[%

’ELEVANCE TO THE THES0S <�r’k 0S RELEVANT TO CONTEXTUAL0ZED PROGRAMM0NG
EDUCAT0ON BECAUSE THE EfECT OF A CONTEXT DEPENDS ON THE 0NTERACT0ON BETWEEN THE
EXERC0SES AND THE LEARNER% rTUDENTS BR0NG PR0OR KNOWLEDGE: 0NTERESTS: BEL0EFS: AND
EXPECTAT0ONS ABOUT BOTH PROGRAMM0NG AND THE CONTEXTUAL DOMA0N% /HESE PERSONh
LEVEL CHARACTER0ST0CS 0N5UENCE HOW THE CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES W0LL BE
EXPER0ENCED% <�r’k HELPS EXPLA0N HOW STUDENTS 0NTERPRET THESE EXPER0ENCES% !OR
EXAMPLE: D0ffiCULTY MAY BE ATTR0BUTED TO THE PROGRAMM0NG CONCEPT: THE B0OLOG0CAL
CONTEXT: THE TASK FORMULAT0ON: OR THE LEARNER‘S OWN AB0L0TY% /H0S MAKES THE FRAMEh
WORK USEFUL BOTH FOR ANT0C0PAT0NG POSS0BLE PROBLEMS DUR0NG EXERC0SE DES0GN AND FOR
0NTERPRET0NG STUDENTS‘ EXPER0ENCES DUR0NG THE EVALUAT0ON%

3)o)fl /AKEAWAYS

r,/ AND <�r’k PROV0DE COMPLEMENTARY PERSPECT0VES ON STUDENTS‘ ENGAGEMENT
W0TH CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES% r,/ D0ST0NGU0SHES BETWEEN D0fERENT
SOURCES AND QUAL0T0ES OF MOT0VAT0ON% /HEREFORE r,/ 0S USED TO EXAM0NE WHETHER
STUDENTS ENGAGE BECAUSE THEY ENiOY PROGRAMM0NG: RECOGN0ZE 0TS VALUE: EXPER0ENCE
PRESSURE: OR SEE L0TTLE REASON TO PART0C0PATE% <�r’k COMPLEMENTS TH0S PERSPECT0VE
BY EXPLA0N0NG HOW STUDENTS‘ MORE STABLE BEL0EFS 0NTERACT W0TH THE0R EXPER0ENCES DUR0NG
A SPEC0fiC EXERC0SE%

/OGETHER: THE FRAMEWORKS SUPPORT BOTH THE DES0GN AND EVALUAT0ON OF THE EXERh
C0SES% /HEY DRAW ATTENT0ON TO THE 0MPORTANCE OF MAK0NG THE VALUE OF PROGRAMM0NG
V0S0BLE WH0LE ALSO CONS0DER0NG HOW TASK FEATURES MAY CONTR0BUTE TO CONfiDENCE: 0Nh
TEREST: CONFUS0ON: OR PERCE0VED D0ffiCULTY% •ONTEXTUAL0ZAT0ON MAY SUPPORT STUDENTS
0N RECOGN0Z0NG THE RELEVANCE OF PROGRAMM0NG W0TH0N THE0R STUDY DOMA0N: BUT 0TS EFh
FECT DEPENDS ON THE SELECTED CONTEXT AND ON HOW STUDENTS EXPER0ENCE THE RESULT0NG
TASK% /HE PEDAGOG0CAL COND0T0ONS AND POSS0BLE L0M0TAT0ONS OF CONTEXTUAL0ZAT0ON ARE
D0SCUSSED 0N THE FOLLOW0NG SECT0ON%

e
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3)3 1EDAGOG0CAL FOUNDAT0ONS FOR CONTEwTUAL0yED
PROGRAMM0NG EwERC0SES

3)3)o /HE PEDAGOG0CAL DES0GN CHALLENGE

•ONTEXTUAL0ZED PROGRAMM0NG EXERC0SES A0M TO CONNECT PROGRAMM0NG CONCEPTS TO S0Th
UAT0ONS THAT STUDENTS MAY PERCE0VE AS MEAN0NGFUL% -N TH0S THES0S: PROGRAMM0NG TASKS
ARE S0TUATED 0N A B0OLOG0CAL CONTEXT% /H0S CAN MAKE THE USEFULNESS OF PROGRAMM0NG
MORE V0S0BLE AND MAY HELP STUDENTS UNDERSTAND HOW PROGRAMM0NG CAN BE APPL0ED
OUTS0DE A PURELY TECHN0CAL SETT0NG% >OWEVER: ADD0NG A CONTEXT ALSO CHANGES THE DEh
MANDS OF THE EXERC0SE% rTUDENTS MUST NOT ONLY UNDERSTAND THE PROGRAMM0NG CONCEPT
BUT ALSO 0NTERPRET THE B0OLOG0CAL 0NFORMAT0ON: 0DENT0FY HOW TH0S 0NFORMAT0ON RELATES
TO THE CODE: AND UNDERSTAND THE TASK 0NSTRUCT0ONS AND EXPECTED OUTPUT%

/HE DES0GN OF CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES THEREFORE REQU0RES A BALANCE
BETWEEN RELEVANCE: CLAR0TY: AND COGN0T0VE DEMANDS% � CONTEXT SHOULD CONTR0BUTE TO
THE PURPOSE OF THE EXERC0SE W0THOUT D0STRACT0NG FROM THE 0NTENDED PROGRAMM0NG GOAL%
�T THE SAME T0ME: THE PROGRAMM0NG TASK SHOULD MATCH STUDENTS‘ PR0OR KNOWLEDGE
AND PROV0DE SUffiC0ENT SUPPORT% /H0S CHAPTER fiRST D0SCUSSES THE COGN0T0VE DEMANDS OF
CONTEXTUAL0ZED LEARN0NG TASKS% -T THEN EXAM0NES CONTEXTUAL0ZAT0ON AND PERCE0VED AUh
THENT0C0TY: PR0NC0PLES FOR 0NTRODUCTORY PROGRAMM0NG EXERC0SES: SCAfOLD0NG: AND FEEDh
BACK%

3)3)3 bOGN0T0VE DEMANDS OF A CONTEwTUAL0yED LEARN0NG TASK

•OGN0T0VE kOAD /HEORY EXPLA0NS THAT LEARN0NG 0S L0M0TED BY THE CAPAC0TY OF WORKh
0NG MEMORY% mEW 0NFORMAT0ON MUST fiRST BE PROCESSED 0N WORK0NG MEMORY BEFORE
0T CAN BE STORED 0N LONGhTERM MEMORY% >OWEVER: WORK0NG MEMORY CAN ONLY PROh
CESS A L0M0TED AMOUNT OF NEW 0NFORMAT0ON AT ONCEbo3[% kEARN0NG MAY THEREFORE BE
H0NDERED WHEN A TASK REQU0RES STUDENTS TO PROCESS TOO MANY UNFAM0L0AR ELEMENTS
S0MULTANEOUSLYbo3[%%

/HE THEORY D0ST0NGU0SHES BETWEEN D0fERENT SOURCES OF COGN0T0VE LOAD% -NTR0NS0C
LOAD REFERS TO THE COMPLEX0TY 0NHERENT TO THE LEARN0NG TASK AND DEPENDS ON THE CONh
CEPTS AND RELAT0ONSH0PS THAT STUDENTS NEED TO UNDERSTAND% dXTRANEOUS LOAD REFERS
TO MENTAL EfORT CAUSED BY THE WAY THE TASK 0S DES0GNED OR PRESENTED% 2NCLEAR 0Nh
STRUCT0ONS: 0RRELEVANT 0NFORMAT0ON: POOR STRUCTURE: OR UNNECESSARY COMPLEX0TY MAY
0NCREASE TH0S LOAD W0THOUT SUPPORT0NG THE 0NTENDED LEARN0NG GOAL% •OGN0T0VE OVERh
LOAD OCCURS WHEN THE COMB0NED DEMANDS OF THE TASK EXCEED THE LEARNER‘S AVA0LABLE
WORK0NGhMEMORY CAPAC0TY% -N THAT S0TUAT0ON: STUDENTS MAY NO LONGER HAVE SUffiC0ENT
COGN0T0VE RESOURCES TO FOCUS ON THE 0NTENDED LEARN0NG CONTENT%bo3[

/H0S 0S ESPEC0ALLY RELEVANT FOR CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES% /HESE EXERh
C0SES COMB0NE PROGRAMM0NG CONCEPTS W0TH A SUBiECThSPEC0fiC CONTEXT% /H0S CAN MAKE
THE TASK MORE MEAN0NGFUL: BUT 0T CAN ALSO ADD EXTRA 0NFORMAT0ON THAT STUDENTS NEED
TO PROCESSb3t[% -F THE CONTEXT 0S UNFAM0L0AR: TOO COMPLEX: OR POORLY CONNECTED TO THE
PROGRAMM0NG GOAL: 0T MAY 0NCREASE EXTRANEOUS LOADb3t[%% -N THAT CASE: THE CONTEXT NO
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LONGER SUPPORTS LEARN0NG BUT COMPETES W0TH THE PROGRAMM0NG CONCEPT FOR STUDENTS‘
ATTENT0ONb3t: t[%

/HE B0OLOG0CAL CONTEXT SHOULD THEREFORE NOT AUTOMAT0CALLY BE TREATED AS E0THER
SUPPORT0VE OR EXTRANEOUS% -TS EfECT DEPENDS ON HOW 0T 0S PRESENTED: HOW CLOSELY
0T 0S CONNECTED TO THE PROGRAMM0NG GOAL: AND HOW WELL 0T MATCHES STUDENTS‘ PR0OR
KNOWLEDGEb3t[% vHEN THE CONTEXT HELPS STUDENTS UNDERSTAND THE PURPOSE OR STRUCh
TURE OF THE PROBLEM: 0T CAN SUPPORT THE LEARN0NG TASKb3t[% vHEN STUDENTS MUST
fiRST 0NTERPRET A COMPLEX OR UNFAM0L0AR S0TUAT0ON BEFORE THEY CAN REASON ABOUT THE
PROGRAMM0NG CONCEPT: THE CONTEXT MAY 0NSTEAD COMPETE FOR THE0R ATTENT0ONb3o[%

•OGN0T0VE LOAD 0S THEREFORE AN 0MPORTANT DES0GN CONSTRA0NT 0N THE DEVELOPMENT
OF CONTEXTUAL0ZED PROGRAMM0NG EXERC0SESb3t[% /HE CONTEXT SHOULD COMPLEMENT THE
TASK W0THOUT DRAW0NG TOO MUCH ATTENT0ON AWAY FROM THE MA0N LEARN0NG GOALb3t[% /HE
FOLLOW0NG SECT0ON EXAM0NES MORE CLOSELY HOW CONTEXTUAL0ZAT0ON CAN SUPPORT LEARN0NG
AND WHY ADD0NG A CONTEXT ALONE DOES NOT GUARANTEE A SUCCESSFUL LEARN0NG EXPER0ENCE%

3)3)t bONTEwTUAL0yAT0ON AND PERCE0VED AUTHENT0C0TY

•ONTEXTUAL0ZAT0ON REFERS TO CONNECT0NG ACADEM0C KNOWLEDGE OR SK0LLS TO MEAN0NGFUL
S0TUAT0ONS: PRACT0CAL APPL0CAT0ONS: OR DOMA0NhSPEC0fiC SETT0NGS% -NSTEAD OF PRESENT0NG
KNOWLEDGE AS ABSTRACT AND DETACHED FROM PRACT0CE: 0T EMBEDS LEARN0NG W0TH0N CONh
CRETE SETT0NGS THAT ARE RELEVANT TO STUDENTS‘ L0VES: 0NTERESTS: OR FUTURE GOALSbon: 3e: fi[%
/H0S APPROACH 0S ROOTED 0N COGN0T0VE SC0ENCE AND S0TUATED COGN0T0ON: WH0CH EMPHAh
S0ZE THAT KNOWLEDGE 0S CLOSELY CONNECTED TO THE CONTEXT 0N WH0CH 0T 0S LEARNED AND
APPL0EDbon[%

v0TH0N TH0S D0SCUSS0ON: A LEARNER‘S FRAME OF REFERENCE REFERS TO THE PR0OR KNOWLh
EDGE: EXPER0ENCES: 0NTERESTS: GOALS: AND EDUCAT0ONAL BACKGROUND THROUGH WH0CH THE
LEARNER 0NTERPRETS A TASK% aY CONNECT0NG NEW KNOWLEDGE TO TH0S FRAME OF REFERENCE:
CONTEXTUAL0ZAT0ON MAY HELP STUDENTS UNDERSTAND NOT ONLY WHAT THEY ARE LEARN0NG:
BUT ALSO WHEN AND WHY THAT KNOWLEDGE CAN BE USEFUL% /H0S CAN REDUCE THE R0SK OF
0NERT KNOWLEDGEc KNOWLEDGE THAT STUDENTS CAN REPRODUCE 0N A FAM0L0AR EDUCAT0ONAL
SETT0NG BUT DO NOT RECOGN0ZE OR APPLY 0N OTHER S0TUAT0ONSbon[%

,0fERENT RELAT0ONSH0PS BETWEEN THE SUBiECT MATTER AND THE CONTEXT ARE POSS0BLE%
-N CONTEXTUAL0ZED 0NSTRUCT0ON: ONE SUBiECT REMA0NS THE PR0MARY LEARN0NG GOAL: WH0LE
ANOTHER DOMA0N PROV0DES A SETT0NG 0N WH0CH THAT SUBiECT 0S LEARNED OR APPL0EDb3e[% aY
CONTRAST: 0N 0NTEGRATED 0NSTRUCT0ON: THE PR0MARY LEARN0NG GOAL 0S THE SUBiECT CONTENT
0TSELF: WH0LE THE SK0LL HELPS STUDENTS ENGAGE W0TH AND UNDERSTAND THAT CONTENTb3e[%
�N EXAMPLE TO MAKE THE D0fERENCE MORE CONCRETEc -N CONTEXTUAL0ZED 0NSTRUCT0ON:
B0OLOGY PROV0DES A MEAN0NGFUL DOMA0N FOR PRACT0C0NG PROGRAMM0NG CONCEPTS% -N
0NTEGRATED 0NSTRUCT0ON: PROGRAMM0NG 0S EMBEDDED AS A TOOL TO SUPPORT THE LEARN0NG OF
B0OLOGY CONTENT 0TSELF% /H0S THES0S FOCUSES PR0MAR0LY ON CONTEXTUAL0ZED PROGRAMM0NG
0NSTRUCT0ON% 1ROGRAMM0NG REMA0NS THE CENTRAL LEARN0NG GOAL: WH0LE B0OLOGY PROV0DES
THE SETT0NG AND SUBiECT MATTER THROUGH WH0CH PROGRAMM0NG CONCEPTS ARE 0NTRODUCED
OR PRACT0CED%
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�UTHENT0C0TY AND PERCE0VED RELEVANCE

/HE PRESENCE OF A CONTEXT DOES NOT BY 0TSELF GUARANTEE THAT STUDENTS W0LL EXPER0ENCE
AN EXERC0SE AS MEAN0NGFUL% �N 0MPORTANT D0ST0NCT0ON MUST THEREFORE BE MADE BETWEEN
CONTEXTUAL0ZAT0ON AS A DES0GN CHO0CE AND AUTHENT0C0TY AS A LEARNER PERCEPT0ON% �
S0TUAT0ON MAY BE REAL0ST0C FROM THE PERSPECT0VE OF A TEACHER OR DOMA0N EXPERT W0THOUT
BE0NG EXPER0ENCED AS AUTHENT0C OR RELEVANT BY STUDENTSb3t[% •ONVERSELY: A S0MPL0fiED
OR fiCT0ONAL S0TUAT0ON MAY ST0LL FEEL MEAN0NGFUL WHEN STUDENTS CAN CONNECT 0T TO THE0R
EX0ST0NG FRAME OF REFERENCE% 1ERSONAL RELEVANCE CAN THEREFORE CONTR0BUTE TO STUDENTS‘
PERCEPT0ONS OF AUTHENT0C0TY: EVEN WHEN A TASK DOES NOT STR0CTLY REPRODUCE A REALhWORLD
S0TUAT0ON bofi[%

�UTHENT0C0TY 0S CONSEQUENTLY NOT AN 0NHERENT PROPERTY OF AN EXERC0SE% -T DEPENDS
ON THE RELAT0ONSH0P BETWEEN THE CONTEXT: THE TASK: AND THE LEARNER% � CONTEXT THAT 0S
REAL0ST0C BUT UNFAM0L0AR: UN0NTEREST0NG: OR D0ffiCULT TO UNDERSTAND MAY NOT BE EXPER0h
ENCED AS AUTHENT0C% aY CONTRAST: A S0MPLER CONTEXT MAY BE PERCE0VED AS MEAN0NGFUL
WHEN STUDENTS UNDERSTAND 0TS PURPOSE AND RECOGN0ZE A CONNECT0ON W0TH THE0R STUD0ES:
0NTERESTS: OR FUTURE GOALSb3t: ofi[%

/H0S D0ST0NCT0ON CONNECTS CONTEXTUAL0ZAT0ON TO THE MOT0VAT0ONAL FRAMEWORKS 0Nh
TRODUCED 0N THE PREV0OUS SECT0ON% � CONTEXT THAT MAKES THE PURPOSE OR USEFULNESS
OF PROGRAMM0NG MORE V0S0BLE MAY HELP STUDENTS RECOGN0ZE THE VALUE OF THE ACT0V0TY%
-N TERMS OF rELFh,ETERM0NAT0ON /HEORY: TH0S MAY SUPPORT 0DENT0fiED REGULAT0ON: EVEN
WHEN THEY DO NOT ENiOY PROGRAMM0NG% vHETHER CONTEXTUAL0ZAT0ON PRODUCES TH0S
MOT0VAT0ONAL BENEfiT: HOWEVER: DEPENDS ON HOW THE CONTEXT 0S SELECTED AND 0NCORPOh
RATED 0NTO THE EXERC0SE% /HE FOLLOW0NG SECT0ON THEREFORE EXAM0NES BOTH THE POTENT0AL
BENEfiTS OF CONTEXTUAL0ZAT0ON AND THE R0SKS THAT MAY L0M0T 0TS EfECT0VENESS%

1OTENT0AL BENEfiTS OF CONTEXTUAL0yAT0ON

vHEN CONTEXTUAL0ZAT0ON 0S EXPER0ENCED AS MEAN0NGFUL: 0T CAN 0MPROVE SEVERAL ASPECTS
OF LEARN0NG% -T CAN 0NCREASE THE STUDENTS W0LL0NGNESS TO 0NVEST EfORT AND PERS0ST%
!URTHERMORE: THE STUDENTS CAN BECOME MORE ENGAGED AND MOT0VATED% vHEN 0T 0S
DONE WELL 0T PROV0DES A REASON FOR LEARN0NG AN OTHERW0SE ABSTRACT CONCEPTb3t[% -N THE
CONTEXT OF TH0S THES0S: A B0OLOG0CAL SETT0NG MAY HELP STUDENTS SEE HOW PROGRAMM0NG
CAN SUPPORT B0OLOG0CAL REASON0NG%

•ONTEXTUAL0ZED 0NSTRUCT0ON HAS ALSO BEEN ASSOC0ATED W0TH 0MPROVED RETENT0ON:
TRANSFER: AND H0GHERhORDER TH0NK0NG BECAUSE STUDENTS ARE ENCOURAGED TO CONNECT
KNOWLEDGE TO 0TS POSS0BLE USE% -NSTEAD OF PRACT0C0NG SYNTAX 0N 0SOLAT0ON: STUDENTS
ARE ASKED TO 0NTERPRET A S0TUAT0ON: DETERM0NE WH0CH 0NFORMAT0ON 0S RELEVANT: AND USE
PROGRAMM0NG TO PRODUCE A MEAN0NGFUL RESULT% /H0S MAY SUPPORT A DEEPER UNDERh
STAND0NG OF BOTH THE PROGRAMM0NG TASK AND 0TS POSS0BLE APPL0CAT0ONSb3o: 3t: ofi: oo[%

/HESE OUTCOMES SHOULD NEVERTHELESS BE UNDERSTOOD AS POTENT0AL BENEfiTS RATHER
THAN AUTOMAT0C CONSEQUENCES OF ADD0NG A CONTEXT% vHETHER CONTEXTUAL0ZAT0ON SUPh
PORTS LEARN0NG DEPENDS ON HOW THE CONTEXT 0S SELECTED: PRESENTED: AND CONNECTED TO
THE 0NTENDED LEARN0NG GOAL%
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’0SKS AND DES0GN COND0T0ONS

•ONTEXTUAL0ZAT0ON CAN ALSO MAKE A LEARN0NG TASK MORE DEMAND0NG% rTUDENTS MAY
NEED TO UNDERSTAND UNFAM0L0AR TERM0NOLOGY: 0DENT0FY WH0CH CONTEXTUAL 0NFORMAT0ON
0S RELEVANT: AND TRANSLATE A DOMA0NhSPEC0fiC S0TUAT0ON 0NTO A PROGRAMM0NG PROBLEM%
vHEN THESE ADD0T0ONAL DEMANDS ARE TOO H0GH: THEY MAY CONTR0BUTE TO EXTRANEOUS COGh
N0T0VE LOAD% /H0S 0S ESPEC0ALLY RELEVANT 0N 0NTERD0SC0PL0NARY EXERC0SES: WHERE D0ffiCULT0ES
MAY OR0G0NATE FROM E0THER THE PROGRAMM0NG CONTENT OR THE B0OLOG0CAL CONTEXTb3t: 3o[%

rTUDENTS MAY: FOR EXAMPLE: 0NTERPRET D0ffiCULTY W0TH A PROGRAMM0NG CONCEPT AS
EV0DENCE THAT THEY LACK SUffiC0ENT B0OLOG0CAL KNOWLEDGE: EVEN WHEN THE CONTEXTUAL
0NFORMAT0ON 0S NOT CENTRAL TO SOLV0NG THE TASKb3o[% r0M0LARLY: AN ELABORATE NARRAT0VE
MAY REQU0RE STUDENTS TO PROCESS DETA0LS THAT DO NOT CONTR0BUTE TO THE PROGRAMM0NG
GOAL% -N SUCH CASES: THE CONTEXT COMPETES W0TH RATHER THAN SUPPORTS THE 0NTENDED
LEARN0NG ACT0V0TYbfl: 3t[%

•ONTEXTUAL0ZAT0ON SHOULD THEREFORE BE TREATED AS A DES0GN STRATEGY W0TH BOTH
OPPORTUN0T0ES AND CONSTRA0NTS% /HE CONTEXT SHOULD CONNECT TO STUDENTS‘ FRAME OF
REFERENCE: REMA0N UNDERSTANDABLE W0TH THE0R EX0ST0NG DOMA0N KNOWLEDGE: AND HAVE A
FUNCT0ONAL RELAT0ONSH0P W0TH THE PROGRAMM0NG ACT0V0TY% �T THE SAME T0ME: 0T SHOULD
NOT 0NTRODUCE UNNECESSARY 0NFORMAT0ON OR OBSCURE THE 0NTENDED LEARN0NG GOAL% �
CONTEXT CAN MAKE A PROGRAMM0NG EXERC0SE MORE MEAN0NGFUL: BUT 0TS 0NCLUS0ON ALONE
DOES NOT GUARANTEE A SUCCESSFUL LEARN0NG EXPER0ENCE% /HE STRUCTURE: D0ffiCULTY: SUPh
PORT: AND CLAR0TY OF THE PROGRAMM0NG TASK REMA0N EQUALLY 0MPORTANT% /HE FOLLOW0NG
SECT0ON THEREFORE EXAM0NES THE PR0NC0PLES THAT GU0DE THE DES0GN OF 0NTRODUCTORY PROh
GRAMM0NG EXERC0SES%

3)3)fl ,ES0GN PR0NC0PLES FOR PROGRAMM0NG EwERC0SES
1ROGRAMM0NG CAN PLACE SUBSTANT0AL DEMANDS ON WORK0NG MEMORY BECAUSE STUDENTS
MUST COORD0NATE SYNTAX: PROGRAM LOG0C: TASK REQU0REMENTS: AND EXPECTED OUTPUTS%
!OR NOV0CE PROGRAMMERS: PROCESS0NG THESE ELEMENTS S0MULTANEOUSLY CAN QU0CKLY LEAD
TO COGN0T0VE OVERLOAD% /HE COMPLEX0TY AND ABSTRACT0ON OF 0NTRODUCTORY EXERC0SES
SHOULD THEREFORE 0NCREASE GRADUALLYbo3[% 1ROGRAMM0NG ALSO CONS0STS OF SEVERAL REh
LATED BUT D0ST0NCT SK0LLS% rTUDENTS MUST LEARN HOW TO READ CODE: TRACE 0TS BEHAV0OR:
UNDERSTAND SYNTAX: RECOGN0ZE COMMONLY USED PATTERNS: AND APPLY THOSE PATTERNS TO
SOLVE NEW PROBLEMS bt;[% aECAUSE THESE SK0LLS DO NOT NECESSAR0LY DEVELOP AT THE SAME
PACE: D0fERENT EXERC0SE TYPES: SUPPORT0NG MATER0ALS: AND TEACHER GU0DANCE NEED TO
WORK TOGETHER 0N HARMONY% rTUDENTS SHOULD THEREFORE fiRST LEARN TO 0NTERPRET AND
UNDERSTAND CODE BEFORE THEY ARE EXPECTED TO PRODUCE COMPLETE SOLUT0ONS 0NDEPENh
DENTLY% r0M0LARLY: THEY SHOULD UNDERSTAND THE ROLE OF AN 0ND0V0DUAL PROGRAMM0NG
CONCEPT BEFORE APPLY0NG 0T W0TH0N A BROADER PROBLEMhSOLV0NG TASK%

1ROGRESS0ON FROM CODE UNDERSTAND0NG TO PROBLEM SOLV0NG

vHEN A NEW PROGRAMM0NG CONCEPT 0S 0NTRODUCED: 0T 0S OFTEN BEST TO BEG0N W0TH CODE
READ0NG AND TRAC0NG% -N THESE EXERC0SES: STUDENTS 0NSPECT SHORT EXAMPLES: PRED0CT
OUTPUTS: OR EXPLA0N HOW PROGRAM STATE CHANGES DUR0NG EXECUT0ON% /HESE ACT0V0T0ES
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MAKE THE UNDERLY0NG REASON0NG V0S0BLE AND CAN REVEAL M0SCONCEPT0ONS BEFORE STUDENTS
BEG0N WR0T0NG THE0R OWN CODE% dXERC0SES CAN THEN GRADUALLY SH0FT TOWARD CONTROLLED
CODE PRODUCT0ON: SUCH AS COMPLET0NG M0SS0NG L0NES: MOD0FY0NG AN EX0ST0NG FRAGMENT:
OR TRANSLAT0NG A SHORT 0NSTRUCT0ON 0NTO CODEbo: o3[%

�T TH0S STAGE: TASKS SHOULD REMA0N FOCUSED% •ONSTRA0NED EXERC0SES REDUCE THE
NUMBER OF DEC0S0ONS STUDENTS MUST MAKE AND ALLOW THEM TO D0RECT THE0R ATTENT0ON
TOWARD THE CONCEPT BE0NG 0NTRODUCED% JEEP0NG THE SCOPE L0M0TED 0S ESPEC0ALLY 0MPORh
TANT FOR BEG0NNERS: WHO MAY OTHERW0SE CAN EXPER0ENCE COGN0T0VE OVERLOAD WHEN THEY
NEED TO PROCESS TO MUCH AT THE SAME T0MEbo3: t;[% �S STUDENTS GA0N CONTROL OVER THE
CONCEPT AND 0TS SYNTAX: EXERC0SES CAN GRADUALLY REQU0RE MORE 0NDEPENDENT DEC0S0ONS
AND BROADER PROBLEM SOLV0NGbt;[%

/H0S PROGRESS0ON SHOULD EVENTUALLY MOVE BEYOND PRACT0C0NG PROGRAMM0NG FEAh
TURES 0N 0SOLAT0ON% <ANY PROGRAMM0NG PROBLEMS RELY ON RECURR0NG COMB0NAT0ONS OF
CONCEPTS THAT FORM REUSABLE PATTERNSbt;[% !OR EXAMPLE: A WH0LE LOOP 0N COMB0NAT0ON
W0TH A STOP COND0T0ON AND A COUNTER% dXERC0SES SHOULD HELP STUDENTS UNDERSTAND
HOW THESE ELEMENTS WORK TOGETHER RATHER THAN ONLY HOW EACH ELEMENT FUNCT0ONS
SEPARATELY%

>OWEVER: SUCH PATTERNS SHOULD ALSO BE 0NTRODUCED GRADUALLYbt;: o3[% rTUDENTS DO
NOT NEED TO MOVE D0RECTLY FROM PRACT0C0NG BAS0C WH0LE LOOPS TO THE EXAMPLE MENT0ONED
ABOVE% �N 0NTERMED0ATE EXERC0SE MAY fiRST COMB0NE A LOOP W0TH A COUNTER% � LATER
EXERC0SE CAN THEN 0NTRODUCE THE 0F STATEMENT% -N TH0S WAY: THE COMPLETE PATTERN
EMERGES STEP BY STEP: WH0LE EACH EXERC0SE BU0LDS ON CONCEPTS THAT STUDENTS HAVE
ALREADY ENCOUNTERED%

/HE PROGRESS0ON FROM CODE COMPREHENS0ON TO 0NDEPENDENT PROBLEM SOLV0NG SHOULD
NOT BE 0NTERPRETED AS A fiXED SEQUENCE THAT EVERY EXERC0SE SER0ES MUST FOLLOW EXACTLY%
-NSTEAD: 0T PROV0DES A GENERAL DES0GN D0RECT0ON% dARLY EXERC0SES OfER MORE STRUCTURE
AND L0M0T THE NUMBER OF CHO0CES: WH0LE LATER EXERC0SES 0NCREAS0NGLY REQU0RE STUDENTS
TO SELECT AND COMB0NE APPROPR0ATE PROGRAMM0NG CONCEPTS THEMSELVES%

bLEAR AND FOCUSED EXERC0SE DES0GN

4RADUAL PROGRESS0ON ALONE DOES NOT MAKE AN EXERC0SE SU0TABLE FOR LEARN0NG% dACH
EXERC0SE SHOULD ALSO HAVE A CLEAR LEARN0NG GOAL AND REMA0N FOCUSED ON THE CONCEPTS
THAT STUDENTS ARE EXPECTED TO PRACT0CE% �N EXERC0SE MAY USE AN APPROPR0ATE PROh
GRAMM0NG CONCEPT BUT ST0LL FA0L AS A LEARN0NG ACT0V0TY WHEN 0T 0MPL0C0TLY REQU0RES
UNFAM0L0AR FEATURES OR 0NTRODUCES AVO0DABLE COMPLEX0TYbo3: t;[% /HE SCOPE OF THE
TASK SHOULD THEREFORE MATCH STUDENTS‘ PR0OR KNOWLEDGE AND THE 0NTENDED POS0T0ON OF
THE EXERC0SE W0TH0N THE SEQUENCEbt;[%

/HE PROBLEM DESCR0PT0ON PLAYS A CENTRAL ROLE 0N TH0S PROCESS% vHEN 0NSTRUCT0ONS
ARE VAGUE: OVERLY DENSE: OR OPEN TO MULT0PLE 0NTERPRETAT0ONS: STUDENTS MAY M0SUNh
DERSTAND THE REQU0REMENT AND PRODUCE FAULTY SOLUT0ONS FOR REASONS UNRELATED TO THE
TARGET CONCEPT b3t: tfl[% 1ROBLEM STATEMENTS SHOULD THEREFORE USE PREC0SE AND UNAMh
B0GUOUS LANGUAGE% /HEY SHOULD AVO0D UNNECESSARY 0NFORMAT0ON AND CLEARLY DESCR0BE
WHAT THE PROGRAM MUST DO% !URTHERMORE: THEY CLEARLY STATE WHAT 0NPUT 0S G0VEN AND
WHAT OUTPUT 0S EXPECTEDbo3: 3t[%
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dXAMPLES OF 0NPUTS AND EXPECTED OUTPUTS CAN MAKE THE REQU0RED BEHAV0OR MORE
CONCRETE AND REDUCE AMB0GU0TYbo3[% /HESE EXAMPLES SHOULD BE CONS0STENT W0TH THE
PROBLEM DESCR0PT0ON AND W0TH ANY STARTER CODE PROV0DED TO THE STUDENT% /HE D0fERENT
COMPONENTS OF THE EXERC0SE SHOULD COMMUN0CATE THE SAME REQU0REMENTS% <0SAL0GNh
MENT BETWEEN THE DESCR0PT0ON: STARTER CODE: EXAMPLES: AND EXPECTED BEHAV0OR CAN
OTHERW0SE 0NTRODUCE CONFUS0ON THAT 0S UNRELATED TO THE LEARN0NG GOALbo3[%

-NTRODUCTORY PROGRAMM0NG EXERC0SES SHOULD THEREFORE DEVELOP STUDENTS‘ SK0LLS
GRADUALLY: MOVE FROM COMPREHENS0ON TOWARD 0NDEPENDENT PRODUCT0ON: AND HELP STUh
DENTS RECOGN0ZE HOW 0ND0V0DUAL CONCEPTS FORM REUSABLE PROGRAMM0NG PATTERNS% �T
THE SAME T0ME: EACH TASK SHOULD REMA0N FOCUSED ON A CLEAR LEARN0NG GOAL AND COMMUh
N0CATE 0TS EXPECTED BEHAV0OR THROUGH PREC0SE 0NSTRUCT0ONS AND REPRESENTAT0VE EXAMh
PLES% dVEN WHEN THESE COND0T0ONS ARE MET: BEG0NNERS MAY ST0LL REQU0RE SUPPORT WH0LE
APPLY0NG UNFAM0L0AR CONCEPTS% /HE FOLLOW0NG SECT0ON EXAM0NES HOW SCAfOLD0NG AND
FEEDBACK CAN PROV0DE TH0S SUPPORT WH0LE GRADUALLY ENCOURAG0NG GREATER 0NDEPENDENCE%

rCAfOLD0NG 0N PROGRAMM0NG EXERC0SES

rCAfOLD0NG 0S AN 0MPORTANT DES0GN PR0NC0PLE 0N 0NTRODUCTORY PROGRAMM0NG EDUCAT0ON%
/HEY LOWER THE ENTRY BARR0ER AND HELP STUDENTS FOCUS ON THE 0NTENDED REASON0NG PROh
CESS bo[% rCAfOLD0NG PROV0DES TEMPORARY SUPPORT THAT HELPS STUDENTS WORK THROUGH
A TASK% /HE GOAL 0S NOT TO REMOVE THE D0ffiCULTY OF THE EXERC0SE: BUT TO MAKE THE TASK
MANAGEABLE ENOUGH FOR STUDENTS TO FOCUS ON THE 0NTENDED LEARN0NG GOALbo3: o[%

rCAfOLD0NG CAN TAKE D0fERENT FORMS 0N PROGRAMM0NG EXERC0SES% -N TH0S THES0S: THE
MOST RELEVANT FORMS ARE STARTER TEMPLATES: COMPLET0ON PROBLEMS: STEPhBYhSTEP TASK
STRUCTURES: EXPLANATORY COMMENTS: AND H0NTSbo: o3[% /HESE SCAfOLDS CAN BE APPL0ED
BOTH 0N THE PROBLEM STATEMENT AND 0N THE CODE THAT 0S PROV0DED TO THE STUDENT% /HEY
CAN SUPPORT STUDENTS BY PROV0D0NG CODE STRUCTURE: CLAR0FY0NG THE PROBLEMhSOLV0NG
PROCESS: OR PO0NT0NG THEM TOWARD A RELEVANT PROGRAMM0NG PATTERN%

/HE EDUCAT0ONAL VALUE OF SCAfOLD0NG L0ES 0N THE WAY 0T D0RECTS STUDENTS‘ ATTENT0ON%
� WELLhDES0GNED SCAfOLD REDUCES UNNECESSARY D0ffiCULTY WH0LE PRESERV0NG THE CORE
REASON0NG STEP OF THE EXERC0SEbo[% !OR EXAMPLE: A STARTER TEMPLATE CAN ALREADY PROV0DE
THE FUNCT0ON STRUCTURE: WH0LE ST0LL REQU0R0NG STUDENTS TO DEC0DE WH0CH COND0T0ON: LOOP:
OR CALCULAT0ON 0S NEEDED% -N TH0S WAY: THE SCAfOLD DOES NOT SOLVE THE EXERC0SE FOR THE
STUDENT: BUT HELPS THE STUDENT FOCUS ON THE PROGRAMM0NG CONCEPT THAT THE EXERC0SE
0S MEANT TO PRACT0CE% -N CONTEXTUAL0ZED EXERC0SES: SCAfOLD0NG CAN ALSO HELP STUDENTS
CONNECT THE CONTEXT: THE TASK DESCR0PT0ON: AND THE CODE W0THOUT BE0NG OVERWHELMED
BY ALL ELEMENTS AT ONCE%

rCAfOLD0NG SHOULD CHANGE ACROSS AN EXERC0SE SEQUENCE% dARLY EXERC0SES MAY CONh
TA0N STRONGER SUPPORT: SUCH AS PART0ALLY COMPLETED CODE: EXPL0C0T STEPS: OR GU0D0NG
COMMENTS% kATER EXERC0SES SHOULD GRADUALLY REMOVE PART OF THAT SUPPORT: SO THAT
STUDENTS NEED TO MAKE MORE DEC0S0ONS 0NDEPENDENTLY% /H0S FAD0NG OF SUPPORT HELPS
STUDENTS MOVE FROM GU0DED PRACT0CE TOWARD MORE 0NDEPENDENT PROBLEM SOLV0NGbo[%
!OR EXAMPLE: AN EARLY EXERC0SE MAY PROV0DE THE LOOP STRUCTURE AND ASK STUDENTS TO
COMPLETE THE COND0T0ON: WH0LE A LATER EXERC0SE MAY ONLY PROV0DE COMMENTS THAT H0NT
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ON WHAT STEPS TO TAKE% -N TH0S WAY: SCAfOLD0NG SUPPORTS PROGRESS0ON RATHER THAN
KEEP0NG STUDENTS DEPENDENT ON THE SAME LEVEL OF GU0DANCE%

>OWEVER: MORE SCAfOLD0NG 0S NOT ALWAYS BETTER% vHEN TOO MANY FORMS OF SUPPORT
ARE COMB0NED 0N ONE EXERC0SE: THE SUPPORT 0TSELF CAN BECOME AN ADD0T0ONAL SOURCE OF
COMPLEX0TYbte[% � TASK MAY 0NCLUDE A WORKED EXAMPLE: A DETA0LED STARTER TEMPLATE:
SEVERAL H0NTS: AND RE5ECT0ON PROMPTS% dACH OF THESE ELEMENTS CAN BE USEFUL SEPh
ARATELY: BUT TOGETHER THEY MAY REQU0RE STUDENTS TO PROCESS TOO MUCH 0NFORMAT0ON
BEFORE THEY CAN BEG0N SOLV0NG THE PROGRAMM0NG PROBLEM% dXCESS0VE SCAfOLD0NG CAN
LEAD TO H0GHER R0SK OF COGN0T0VE OVERLOADbte[ OR PASS0VE ENGAGEMENT: WHERE STUDENTS
FOLLOW THE PROV0DED STEPS MECHAN0CALLY W0THOUT UNDERSTAND0NG THE STRUCTURE OF THE
SOLUT0ONboe[% -N SOME CASES: 0T MAY ENCOURAGE STUDENTS TO GUESS AND CHECK UNT0L THE
ANSWER 0S ACCEPTEDboe[%

!OR TH0S THES0S: SCAfOLD0NG 0S THEREFORE TREATED AS A DES0GN VAR0ABLE THAT MUST
BE CONTROLLED ACROSS AN EXERC0SE SEQUENCE% 4ENERATED EXERC0SES SHOULD NOT S0MPLY
0NCLUDE AS MUCH SUPPORT AS POSS0BLE% /HE AMOUNT AND TYPE OF SUPPORT SHOULD DEPEND
ON THE 0NTENDED PROGRAMM0NG CONCEPT: THE ASSUMED PR0OR KNOWLEDGE OF THE STUDENTS:
AND THE POS0T0ON OF THE EXERC0SE 0N THE SEQUENCE% 4OOD SCAfOLD0NG REDUCES AVO0DABLE
D0ffiCULTY: BUT ST0LL LEAVES ENOUGH ROOM FOR STUDENTS TO REASON: MAKE DEC0S0ONS: AND
DEVELOP THE0R OWN PROBLEMhSOLV0NG STRATEG0ES%

–EEDBACK 0N PROGRAMM0NG EXERC0SES

!EEDBACK SHOULD BE CONS0DERED PART OF THE DES0GN OF PROGRAMM0NG EXERC0SESbt;[% -N
PROGRAMM0NG EDUCAT0ON: DELAYED FEEDBACK CAN SLOW DOWN LEARN0NG BECAUSE STUDENTS
MAY REPEAT THE SAME M0STAKE W0THOUT UNDERSTAND0NG WHY THE0R SOLUT0ON FA0LS% -Mh
MED0ATE FEEDBACK CAN REDUCE TH0S PROBLEM BY HELP0NG STUDENTS DETECT ERRORS EARL0ER
AND REV0SE THE0R SOLUT0ON WH0LE THE TASK 0S ST0LL ACT0VEbq[% /H0S 0S ESPEC0ALLY RELEh
VANT FOR BEG0NN0NG PROGRAMMERS: WHO MAY STRUGGLE TO 0DENT0FY WHETHER A PROBLEM 0S
CAUSED BY SYNTAX: PROGRAM LOG0C: OR A M0SUNDERSTAND0NG OF THE TASKb3fi[% !EEDBACK
CAN THEREFORE SUPPORT REV0S0ON AND HELP STUDENTS MA0NTA0N A SENSE OF PROGRESSbtfl: q[%

>OWEVER: FEEDBACK SHOULD DO MORE THAN 0ND0CATE THAT AN ANSWER 0S WRONG% �
CORRECTNESS S0GNAL ALONE G0VES L0M0TED SUPPORT WHEN STUDENTS DO NOT KNOW WHAT
TO 0NSPECT NEXT% 2SEFUL FEEDBACK SHOULD BE CLEAR AND ACT0ONABLEc 0T SHOULD HELP
STUDENTS LOCATE THE 0SSUE AND UNDERSTAND THE L0KELY CAUSEbtn[% 9THERW0SE: FEEDBACK
R0SKS BECOM0NG A S0GNAL TO GUESS AGA0N RATHER THAN A SUPPORT FOR LEARN0NGbq[% -N
AUTOMAT0CALLY SUPPORTED PROGRAMM0NG EXERC0SES: TEST CASES ARE ONE WAY TO PROV0DE
TH0S K0ND OF 0MMED0ATE FEEDBACKbtfl[% /HEY CAN CHECK SELECTED BEHAV0ORS AND PROV0DE
MESSAGES THAT PO0NT STUDENTS TOWARD L0KELY M0STAKESbtfl: q[% �T THE SAME T0ME: TH0S
FEEDBACK REMA0NS L0M0TED BECAUSE TESTS ONLY COVER ANT0C0PATED CASES%

1EDAGOG0CAL REQU0REMENTS 0N TH0S THES0S

/HE L0TERATURE REV0EWED 0N TH0S SECT0ON SHOWS THAT THE QUAL0TY OF A CONTEXTUAL0ZED
PROGRAMM0NG EXERC0SE CANNOT BE REDUCED TO WHETHER 0TS CODE EXECUTES CORRECTLY%
/ECHN0CAL CORRECTNESS 0S A NECESSARY BASEL0NE: BUT THE EXERC0SE SHOULD ALSO FUNCT0ON
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AS A COHERENT LEARN0NG TASK% -TS PROBLEM DESCR0PT0ON: CODE: EXAMPLES: SCAfOLD0NG:
FEEDBACK: AND EXPECTED BEHAV0OR SHOULD COMMUN0CATE THE SAME REQU0REMENTS AND
REMA0N AL0GNED W0TH THE 0NTENDED LEARN0NG GOAL%

1EDAGOG0CAL QUAL0TY FURTHER DEPENDS ON WHETHER THE TASK MATCHES STUDENTS‘ PR0OR
KNOWLEDGE: 0NTRODUCES NEW DEMANDS GRADUALLY: MANAGES COGN0T0VE LOAD: AND PROh
V0DES APPROPR0ATE SCAfOLD0NG AND ACT0ONABLE FEEDBACK% •ONTEXTUAL QUAL0TY CONCERNS
WHETHER THE B0OLOG0CAL CONTENT 0S ACCURATE AND UNDERSTANDABLE FOR THE 0NTENDED STUh
DENTS: FUNCT0ONALLY CONNECTED TO THE PROGRAMM0NG ACT0V0TY: AND EXPER0ENCED BY STUh
DENTS AS AUTHENT0C OR MEAN0NGFUL% /HESE ASPECTS 0NTERACT% � CONTEXT MAY: FOR EXh
AMPLE: BE SC0ENT0fiCALLY ACCURATE BUT ST0LL BE PEDAGOG0CALLY UNSU0TABLE WHEN 0T 0S TOO
COMPLEX OR D0STRACTS FROM THE PROGRAMM0NG GOAL% r0M0LARLY: A CONTEXT MAY BE CORh
RECTLY 0NTEGRATED 0NTO THE EXERC0SE W0THOUT NECESSAR0LY BE0NG PERCE0VED BY STUDENTS
AS AUTHENT0C OR RELEVANT%

� GENERATED EXERC0SE SHOULD THEREFORE BE EVALUATED AS A COMPLETE LEARN0NG TASK%
-TS COMPONENTS MUST BE TECHN0CALLY REL0ABLE AND COHERENT W0TH ONE ANOTHER WH0LE
SUPPORT0NG THE 0NTENDED PEDAGOG0CAL PURPOSE AND PROV0D0NG A CONTEXT THAT 0S ACCUh
RATE: FUNCT0ONALLY RELEVANT: AND MEAN0NGFUL TO STUDENTS%

/HESE REQU0REMENTS CREATE A PART0CULAR CHALLENGE FOR AUTOMAT0C GENERAT0ON% �
GENERAT0ON SYSTEM MUST NOT ONLY PRODUCE THE REQU0RED EXERC0SE COMPONENTS: BUT ALSO
PRESERVE THE0R AL0GNMENT W0TH THE LEARN0NG GOAL: ASSUMED PR0OR KNOWLEDGE: SELECTED
CONTEXT: AND 0NTENDED LEVEL OF SUPPORT% /HE FOLLOW0NG SECT0ON EXAM0NES HOW EX0ST0NG
APPROACHES USE PROMPT0NG: STRUCTURED 0NPUT: GROUND0NG: DECOMPOS0T0ON: VAL0DAT0ON:
AND FEEDBACK TO SUPPORT THESE QUAL0T0ES AND WHERE ADD0T0ONAL CONTROL REMA0NS NECh
ESSARY%

3)t �UTOMAT0C GENERAT0ON OF EDUCAT0ONAL PROGRAMM0NG
EwERC0SES

/HE PREV0OUS SECT0ON ESTABL0SHED THAT CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES MUST
BE TECHN0CALLY REL0ABLE: 0NTERNALLY COHERENT: PEDAGOG0CALLY APPROPR0ATE: AND MEAN0NGh
FULLY CONTEXTUAL0ZED% /HE CHALLENGE FOR AUTOMAT0C GENERAT0ON 0S HOW SYSTEM DES0GN
CAN HELP PRODUCE AND SAFEGUARD THESE QUAL0T0ES WHEN kk< OUTPUTS REMA0N PROBAh
B0L0ST0C% /H0S SECT0ON REV0EWS EX0ST0NG APPROACHES TO AUTOMAT0C EXERC0SE GENERAT0ON
AND CONS0DERS HOW THE0R DES0GN CHO0CES CAN HELP CONTROL THE GENERATED MATER0AL%

�UTOMAT0C EXERC0SES AND QUEST0ON GENERAT0ON p�+4( 0S NOT A NEW 0DEAs THE fiELD
HAS EX0STED FOR QU0TE SOME T0ME% dARL0ER SYSTEMS USED RULES: FEATUREhBASED METHh
ODS: TEMPLATES: AND NEURAL NETWORKSb3z: to[% /HESE APPROACHES SHOW THAT EDUCAh
T0ONAL CONTENT GENERAT0ON HAS LONG A0MED TO REDUCE MANUAL AUTHOR0NG WORK: BUT
THEY ALSO 0LLUSTRATE THE D0ffiCULTY OF COMB0N0NG CONTROL: 5EX0B0L0TY: AND EDUCAT0ONAL
AL0GNMENTb3z[%

<OST RECENTLY: kARGE LANGUAGE MODELS pkk<( TRANSFORMED THE fiELD% /HEY CAN
GENERATE R0CHER EDUCAT0ONAL CONTENT FROM NATURALhLANGUAGE AND STRUCTURED 0NSTRUCT0ONSbto:
3fl[% /H0S 5EX0B0L0TY 0S USEFUL FOR CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES BECAUSE THE
DES0GN D0MENS0ONS D0SCUSSED ABOVE CAN VARY ACROSS CLASSROOMS: TOP0CS: AND EXERC0SE
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SEQUENCESbtt: 3;[% /HE NEXT SUBSECT0ONS: THEREFORE: D0SCUSS THE MECHAN0SMS USED TO
GU0DE: GROUND: VAL0DATE: AND REfiNE kk<hBASED GENERAT0ON%

3)t)o kklhBASED GENERAT0ONc fiNEhTUN0NG AND PROMPT0NG
kk<hBASED GENERAT0ON SYSTEMS CAN BE ADAPTED TO EDUCAT0ONAL TASKS 0N D0fERENT
WAYS% � USEFUL D0ST0NCT0ON 0S BETWEEN APPROACHES THAT ADAPT THE MODEL 0TSELF AND
APPROACHES THAT KEEP THE MODEL fiXED BUT GU0DE 0T THROUGH THE 0NPUT% !0NEhTUN0NG
BELONGS TO THE fiRST GROUP% -T FURTHER TRA0NS AN EX0ST0NG MODEL ON TASKhSPEC0fiC EXh
AMPLES: SO THAT THE MODEL BECOMES MORE SPEC0AL0ZED FOR A PART0CULAR K0ND OF OUTPUT%
1ROMPThBASED GENERAT0ON TAKES THE SECOND ROUTE% >ERE: THE MODEL 0S NOT RETRA0NED%
-NSTEAD: THE GENERAT0ON PROCESS 0S STEERED THROUGH 0NSTRUCT0ONS: CONSTRA0NTS: EXAMh
PLES: AND CONTEXTUAL 0NFORMAT0ON%

!0NEhTUN0NG CAN BE VALUABLE WHEN THE TARGET TASK 0S CLEARLY DEfiNED AND WHEN
ENOUGH REPRESENTAT0VE TRA0N0NG EXAMPLES ARE AVA0LABLEbto[% !OR EXAMPLE: 0F A SYSTEM
REPEATEDLY GENERATES THE SAME TYPE OF EXERC0SE 0N A STABLE FORMAT: fiNEhTUN0NG CAN
HELP THE MODEL LEARN THE EXPECTED STRUCTURE AND STYLE% >OWEVER: TH0S APPROACH
BECOMES LESS SU0TABLE WHEN THE DES0RED USE OF THE SYSTEM 0S ST0LL BE0NG EXPLORED%
� fiNEhTUNED MODEL CAN SUPPORT VAR0AT0ON: BUT TH0S VAR0AT0ON MUST BE SUffiC0ENTLY
REPRESENTED 0N THE TRA0N0NG DATA% !OR CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES: TH0S
0S D0ffiCULT BECAUSE THE GENERATOR MAY NEED TO RESPOND TO D0fERENT LEARN0NG GOALS:
CLASSROOM S0TUAT0ONS: SUBiECT CONTEXTS: AND FORMS OF TEACHER CONTROL% <OREOVER: THE
EXACT RELAT0ON BETWEEN TEACHERS AND THE GENERAT0ON TOOL 0S ST0LL PART OF THE DES0GN
PROBLEMb3;[% -T 0S NOT YET FULLY CLEAR WH0CH CONTROLS TEACHERS NEED: HOW MUCH FREEDOM
THEY SHOULD HAVE: OR HOW SUCH A TOOL SHOULD fiT 0NTO THE0R WORK5OWb3;[%

1ROMPThBASED GENERAT0ON THEREFORE OfERS A MORE SU0TABLE START0NG PO0NT FOR TH0S
TYPE OF EXPLORATORY DES0GN% -T MAKES 0T POSS0BLE TO TRANSLATE PEDAGOG0CAL 0NTENT0ONS:
DOMA0N EXPERT0SE: AND PRACT0CAL REQU0REMENTS 0NTO STRUCTURED 0NSTRUCT0ONS FOR THE
MODEL% /HE PROMPT CAN SPEC0FY WHAT THE EXERC0SE SHOULD FOCUS ON: WHAT 0T SHOULD
AVO0D: WH0CH CONTEXT 0T SHOULD USE: AND HOW THE OUTPUT SHOULD BE STRUCTURED% -N
TH0S WAY: THE PROMPT BECOMES A CONTROL MECHAN0SM BETWEEN THE EDUCAT0ONAL DES0GN
AND THE GENERATED MATER0AL%

!OR CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES: TH0S CONTROL 0S 0MPORTANT% /HE GENh
ERATOR SHOULD NOT ONLY PRODUCE A TECHN0CALLY CORRECT PROGRAMM0NG TASK% -T SHOULD
ALSO KEEP THE PROGRAMM0NG GOAL CENTRAL: USE THE B0OLOG0CAL CONTEXT 0N A MEAN0NGh
FUL WAY: MATCH THE ASSUMED PR0OR KNOWLEDGE OF STUDENTS: AND fiT W0TH0N A BROADER
LEARN0NG SEQUENCE% 1ROMPThBASED GENERAT0ON MAKES 0T POSS0BLE TO ADiUST THESE REh
QU0REMENTS DUR0NG DEVELOPMENT W0THOUT fiRST DEfiN0NG A COMPLETE TRA0N0NG DATASET
FOR EVERY EXPECTED USE CASE% �T THE SAME T0ME: 0T SH0FTS THE MA0N DES0GN CHALLENGE
TO THE PROMPT AND THE SURROUND0NG GENERAT0ON PROCESS% /HE QUAL0TY OF THE OUTPUT
DEPENDS ON HOW CLEARLY THE TASK 0S SPEC0fiED: HOW RELEVANT THE PROV0DED CONTEXT 0S:
AND HOW THE GENERATED RESULT 0S CHECKED AND REfiNED%

/HE FOLLOW0NG SUBSECT0ON: THEREFORE: D0SCUSSES THE MECHAN0SMS USED TO GU0DE AND
CONTROL PROMPThBASED GENERAT0ON% /HESE MECHAN0SMS 0NCLUDE 0NSTRUCT0ON DES0GN:
EXAMPLES: KNOWLEDGE GROUND0NG: DECOMPOS0T0ON: FEEDBACK: AND TOOL USE%
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3)t)3 bONTROLL0NG PROMPThBASED GENERAT0ON

� fiRST WAY TO STEER PROMPThBASED GENERAT0ON 0S THROUGH THE ROLE OR PROfiLE ASS0GNED
TO THE MODEL% /HE MODEL MAY: FOR EXAMPLE: BE 0NSTRUCTED TO RESPOND AS A TEACHER:
TEACH0NG ASS0STANT: DOMA0N EXPERT: OR REV0EWERb33[% rUCH ROLE DESCR0PT0ONS CAN 0Nh
5UENCE THE PERSPECT0VE FROM WH0CH THE MODEL APPROACHES THE TASKb3n: tfi[% rTUD0ES
SHOW THAT THE EfECT OF A PROfiLE PROMPT0NG 0S NOT ALWAYS CONS0STENT ACROSS MODELS
AND TASKSb33[% >OWEVER: 0T REMA0NS VALUABLE TO STEER THE GENERAT0ON TOWARD A SPEC0fiC
GOALb33: 3n[% /H0S 0S ESPEC0ALLY 0MPORTANT 0N EDUCAT0ONAL SETT0NGS: WHERE THE MODEL
SHOULD RESPOND FROM A PEDAGOG0CAL PERSPECT0VE RATHER THAN PRODUCE GENERAL OUTPUT%
-TS VALUE L0ES LESS 0N GUARANTEE0NG CORRECTNESS AND MORE 0N GU0D0NG THE MODEL TOWARD
AN APPROPR0ATE PERSPECT0VE FOR THE TASK%

� ROLE DESCR0PT0ON 0S NOT SUffiC0ENT ON 0TS OWN% /HE TASK 0NSTRUCT0ONS MUST ALSO
MAKE THE GOAL AND CONSTRA0NTS EXPL0C0Tb3n[% 4OOD 0NSTRUCT0ONS DEfiNE WHAT THE MODEL
SHOULD PRODUCE% -T CONTA0NS THREE ELEMENTSc 0NTENT: DEMAND: AND DOMA0Nb3n[% -NTENT
EXPRESSES THE MA0N PURPOSE OF THE TASKb3n[% ,EMAND ADDS MORE DETA0LED REQU0REh
MENTS AND CONSTRA0NTSb3n[% ,OMA0N SPEC0fiES THE CONTEXT 0N WH0CH THE TASK SHOULD
BE 0NTERPRETEDb3n[% /OGETHER: THESE ELEMENTS PROV0DE A USEFUL STRUCTURE FOR WR0T0NG
EfECT0VE 0NSTRUCT0ONSb3n[% /HEY ENCOURAGE THE USER TO RE5ECT ON THE TASK: THE REQU0REh
MENTS FOR THE OUTPUT: AND THE CONTEXTUAL 0NFORMAT0ON THAT MUST BE MADE EXPL0C0T%
/H0S MATTERS BECAUSE ASSUMPT0ONS THAT MAY SEEM OBV0OUS TO HUMANS ARE NOT NECESh
SAR0LY MADE BY THE MODEL% -N THAT SENSE: 0NSTRUCT0ON DES0GN CAN BE SEEN AS A WAY OF
TRANSLAT0NG HUMAN EXPERT0SE 0NTO EXPL0C0T AND ORGAN0ZED 0NSTRUCT0ONS THAT THE MODEL
CAN FOLLOW%

dXAMPLES CAN PROV0DE AN ADD0T0ONAL FORM OF GU0DANCE% -N FEWhSHOT PROMPT0NG: THE
PROMPT 0NCLUDES ONE OR MORE EXAMPLES THAT SHOW THE DES0RED OUTPUT STRUCTUREb3n[% -N
dXGEN: FEWhSHOT PROMPT0NG 0MPROVED THE GENERAT0ON OF MORE USABLE PROGRAMM0NG
EXERC0SES COMPARED TO ZEROhSHOT PROMPT0NG: WH0CH MORE OFTEN LEADS TO TR0V0AL OR
DUPL0CATED OUTPUTS btt[% �T THE SAME T0ME: RESEARCH 0DENT0fiES 0NSTRUCT0ON DES0GN AS
A STRONG ALTERNAT0VE TO FEWhSHOT PROMPT0NG% •LEAR 0NSTRUCT0ONS CAN 0MPOSE STR0CTER
CONSTRA0NTS AND OfER MORE D0RECT CONTROL% -N ADD0T0ON: 0T AVO0DS H0GHER TOKEN COST AND
SENS0T0V0TY TO EXAMPLE SELECT0ON b33[% rT0LL: FEWhSHOT PROMPT0NG OFTEN REMA0NS MORE
EfECT0VE WHEN THE MODEL MUST 0M0TATE A SPEC0fiC AND D0ffiCULThTOhDESCR0BE OUTPUT
STRUCTURE%

-NSTRUCT0ONS AND EXAMPLES ARE THEREFORE COMPLEMENTARY% -NSTRUCT0ONS DEfiNE THE
PURPOSE AND CONSTRA0NTS OF THE TASK: WH0LE EXAMPLES DEMONSTRATE THE EXPECTED STRUCh
TURE OR STYLE% !OR EDUCAT0ONAL GENERAT0ON: TH0S COMB0NAT0ON 0S USEFUL BECAUSE THE
OUTPUT OFTEN NEEDS TO SAT0SFY BOTH FORMAL AND PEDAGOG0CAL REQU0REMENTS% � PROGRAMh
M0NG EXERC0SE SHOULD CONTA0N THE R0GHT COMPONENTS: BUT THESE COMPONENTS SHOULD
ALSO fiT TOGETHER AS A COHERENT LEARN0NG TASK%

4ROUND0NG GENERATED EDUCAT0ONAL CONTENT

� WELLhSTRUCTURED PROMPT DOES NOT GUARANTEE THAT THE MODEL USES THE MOST RELEVANT
OR ACCURATE KNOWLEDGE% kk<S CAN PRODUCE 5UENT OUTPUT THAT CONTA0NS 0NACCURATE
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0NFORMAT0ON: UNSUPPORTED CLA0MS: OR TERM0NOLOGY THAT DOES NOT MATCH THE 0NTENDED
LEARN0NG CONTEXTb33[% -N EDUCAT0ONAL APPL0CAT0ONS: TH0S 0S PROBLEMAT0C BECAUSE GENERh
ATED MATER0AL SHOULD AL0GN W0TH THE CONCEPTS: DEfiN0T0ONS: EXAMPLES: AND LEVEL USED
0N THE COURSE%

JNOWLEDGE GROUND0NG ADDRESSES TH0S L0M0TAT0ON BY ADD0NG RELEVANT EXTERNAL 0Nh
FORMAT0ON TO THE GENERAT0ON PROCESS% ’ETR0EVAL �UGMENTED 4ENERAT0ON p’�4( 0S ONE
COMMON APPROACH% -N SUCH SYSTEMS: RELEVANT FRAGMENTS FROM COURSE MATER0AL: DOh
MA0N DOCUMENTS: OR OTHER EXTERNAL KNOWLEDGE SOURCES ARE RETR0EVED AND ADDED TO THE
PROMPT BEFORE GENERAT0ON%b33[ /HE MODEL CAN THEN BASE 0TS OUTPUT ON 0NFORMAT0ON
THAT 0S MORE CLOSELY AL0GNED W0TH THE EDUCAT0ONAL CONTEXT%

� ’�4 P0PEL0NE TYP0CALLY FOLLOWS THREE BROAD STEPS% !0RST: EXTERNAL 0NFORMAT0ON
0S 0NDEXED 0N A SEARCHABLE FORMb3n[% !OR EXAMPLE: 0N A STRUCTURED DATABASE OR A
VECTOR DATABASE% rECOND: WHEN A QUERY 0S SUBM0TTED: THE SYSTEM RETR0EVES THE MOST
RELEVANT 0NFORMAT0ON% /H0RD: TH0S 0NFORMAT0ON 0S ADDED TO THE PROMPT% /HEN THE
RESPONSE 0S GENERATED US0NG THAT PROMPT% �LTHOUGH THE EXACT 0MPLEMENTAT0ON OF
’�4 MAY D0fER% /HESE THREE STAGES REMA0N LARGELY THE SAME% -N PRACT0CE: EACH
STAGE CAN BE OPT0M0ZED SEPARATELY% !OR EXAMPLE: CHANG0NG HOW THE DATA 0S STORED
CAN HAVE AN 0MPACT ON HOW RELEVANT THE 0NFORMAT0ON 0S WHEN 0T 0S RETR0EVED%

-N EDUCAT0ONAL EXERC0SE GENERAT0ON: GROUND0NG CAN SUPPORT AL0GNMENT W0TH COURSE
TERM0NOLOGY: REDUCE GENER0C OUTPUT: AND L0M0T THE R0SK OF 0NACCURATE OR 0NAPPROPR0ATE
CONTENT% /H0S BECOMES ESPEC0ALLY 0MPORTANT WHEN EXERC0SES 0NCLUDE A SUBiECThSPEC0fiC
CONTEXT% -N THAT CASE: THE CONTEXT SHOULD NOT FUNCT0ON AS A LOOSE THEME OR KEYWORD%
-T SHOULD PROV0DE 0NFORMAT0ON THAT 0S ACCURATE: UNDERSTANDABLE: AND MEAN0NGFULLY
CONNECTED TO THE TASK STUDENTS ARE EXPECTED TO COMPLETE%

3)t)t ,ECOMPOS0T0ON 0N PROMPT DES0GN AND GENERAT0ON WORK5OWS

�NOTHER WAY TO GU0DE PROMPThBASED GENERAT0ON 0S DECOMPOS0T0ON% ,ECOMPOS0T0ON
TR0ES TO M0RROR HUMAN PROBLEMhSOLV0NG BY BREAK0NG DOWN A COMPLEX PROBLEM 0NTO
SMALLER STEPS% /H0S CAN HAPPEN W0TH0N A S0NGLE PROMPT OR ACROSS MULT0PLE PROMPTS%
-N BOTH CASES: THE PURPOSE 0S TO MAKE THE GENERAT0ON PROCESS MORE EXPL0C0T%b3n[%

v0TH0N A S0NGLE PROMPT: DECOMPOS0T0ON CAN BE USED AS AN 0NSTRUCT0ONhWR0T0NG
STRATEGY% /HE PROMPT MAY ASK THE MODEL TO fiRST 0DENT0FY THE LEARN0NG GOAL: THEN
CONS0DER THE RELEVANT CONSTRA0NTS: AND ONLY AFTERWARDS GENERATE THE fiNAL OUTPUT%
-N TH0S APPROACH THE 0NTERMED0ATE REASON0NG STEPS AND fiNAL ANSWER ARE GENERATED
TOGETHER%b3n[ •HA0NhOFhTHOUGHT PROMPT0NG 0S ONE EXAMPLE OF TH0S BROADER 0DEA: BEh
CAUSE 0T ENCOURAGES THE MODEL TO WORK THROUGH 0NTERMED0ATE REASON0NG STEPS BEFORE
PRODUC0NG AN ANSWERb3n[% -N EDUCAT0ONAL GENERAT0ON: TH0S CAN HELP MAKE 0MPL0C0T
DES0GN CONS0DERAT0ONS MORE EXPL0C0T%

,ECOMPOS0T0ON CAN ALSO BE 0MPLEMENTED AT THE WORK5OW LEVEL% -N THAT CASE:
A COMPLEX GENERAT0ON TASK 0S D0V0DED ACROSS SEVERAL CONNECTED PROMPTS OR AGENTS:
WHERE THE OUTPUT OF ONE STEP BECOMES THE 0NPUT FOR THE NEXTbt3[% 9NE STEP MAY
GENERATE AN 0N0T0AL EXERC0SE: ANOTHER MAY REV0EW THE OUTPUT: AND ANOTHER MAY REfiNE
0T% /H0S 0S OFTEN REFERRED TO AS PROMPT CHA0N0NG OR MULT0hAGENT GENERAT0ONbt3[% <ULT0h
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AGENT SYSTEMS SUCH AS 1Y/ASKrYN 0LLUSTRATE TH0S APPROACH BY ASS0GN0NG D0fERENT ROLES
TO D0fERENT AGENTS 0N THE GENERAT0ON PROCESSb3;[%

/HE D0ST0NCT0ON BETWEEN THESE FORMS OF DECOMPOS0T0ON 0S 0MPORTANT% ,ECOMPOS0h
T0ON W0TH0N A PROMPT STRUCTURES THE REASON0NG OF ONE GENERAT0ON STEP% ,ECOMPOS0T0ON
ACROSS PROMPTS STRUCTURES THE GENERAT0ON WORK5OW 0TSELF% aOTH FORMS CAN BE USEFUL
FOR EDUCAT0ONAL GENERAT0ON BECAUSE EDUCAT0ONAL OUTPUTS OFTEN NEED TO SAT0SFY SEVERAL
REQU0REMENTS AT THE SAME T0ME% � GENERATED PROGRAMM0NG EXERC0SE MAY NEED TO
0NCLUDE A CLEAR PROBLEM STATEMENT: SU0TABLE CODE: A CORRECT SOLUT0ON: RELEVANT EXAMh
PLES: TEST CASES: AND FEEDBACK% ,ECOMPOS0T0ON CAN HELP SEPARATE THESE CONCERNS AND
REDUCE THE R0SK THAT ONE PART OF THE TASK RECE0VES TOO L0TTLE ATTENT0ON%

-MPL0CAT0ON FOR EDUCAT0ONAL EXERC0SES GENERAT0ON

/HE L0TERATURE SHOWS THAT kk<S CAN GENERATE EDUCAT0ONAL MATER0AL: 0NCLUD0NG PROh
GRAMM0NG EXERC0SES: BUT ALSO THAT GENERAT0ON QUAL0TY DEPENDS ON HOW THE TASK 0S
SPEC0fiED AND STRUCTURED% ’OLES: 0NSTRUCT0ONS: EXAMPLES: GROUND0NG: AND DECOMPOh
S0T0ON PROV0DE D0fERENT WAYS TO GU0DE THE MODEL TOWARD MORE USEFUL OUTPUT% /HEY
HELP DEfiNE WHAT SHOULD BE GENERATED: WH0CH CONSTRA0NTS SHOULD BE RESPECTED: WH0CH
KNOWLEDGE SHOULD BE USED: AND HOW COMPLEX GENERAT0ON TASKS CAN BE MADE MORE
MANAGEABLE%

!OR CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES: THESE MECHAN0SMS ARE ESPEC0ALLY RELh
EVANT% /HE GENERATED OUTPUT MUST COMB0NE PROGRAMM0NG CONTENT W0TH A SUBiECTh
SPEC0fiC CONTEXT WH0LE KEEP0NG THE PROGRAMM0NG GOAL CENTRAL% -T MUST ALSO REMA0N
UNDERSTANDABLE FOR THE TARGET STUDENTS AND PRODUCE COMPONENTS THAT CAN BE CHECKED
OR REUSED% 1ROMPThBASED GENERAT0ON PROV0DES THE 5EX0B0L0TY NEEDED FOR TH0S K0ND OF
VAR0AT0ON: BUT 0T ALSO CREATES A NEED FOR ADD0T0ONAL SAFEGUARDS% /HE FOLLOW0NG SUBSECh
T0ON THEREFORE D0SCUSSES HOW VAL0DAT0ON: FEEDBACK: AND TOOL USE CAN FURTHER SUPPORT
THE REL0AB0L0TY OF GENERATED EXERC0SES%

3)t)fl uAL0DAT0ON: FEEDBACK: AND TOOL USE
k0KE MENT0ONED BEFORE kk<S ARE PROBAB0L0ST0C SYSTEMS: THE0R OUTPUTS CAN VARY AND
MAY CONTA0N M0STAKES% /HE MECHAN0SMS D0SCUSSED ABOVE ARE WAYS TO REDUCE TH0S
UNCERTA0NTY W0TH0N THE PROMPT 0TSELF% rT0LL THEY DO NOT REMOVE THE NEED TO CHECK
THE GENERATED OUTPUT% dVEN WHEN A PROMPT CONTA0NS CLEAR 0NSTRUCT0ONS: EXAMPLES:
CONTEXTUAL 0NFORMAT0ON: AND DECOMPOS0T0ON STEPS: THE GENERATED EXERC0SE COULD ST0LL
BE 0NCOMPLETE: 0NCONS0STENT: OR 0NCORRECT% -N PROGRAMM0NG EXERC0SES: THESE PROBLEMS
CAN APPEAR AT D0fERENT LEVELS% /HE GENERATED CODE MAY NOT RUN: THE TEST CASES MAY
NOT MATCH THE MODEL SOLUT0ON: REQU0RED OUTPUT fiELDS MAY BE M0SS0NG: OR THE STRUCTURE
MAY NOT BE SU0TABLE FOR AUTOMAT0C PROCESS0NG% �T THE SAME T0ME: AN EXERC0SE CAN
BE TECHN0CALLY VAL0D WH0LE ST0LL BE0NG PEDAGOG0CALLY WEAK: UNCLEAR: OR POORLY AL0GNED
W0TH THE 0NTENDED LEARN0NG GOAL%

� fiRST WAY TO 0NCREASE REL0AB0L0TY 0S TO USE TOOLS FOR TASKS THAT DO NOT NEED TO
BE HANDLED BY THE kk< 0TSELFb33[% -N TH0S CONTEXT: TOOLS ARE EXTERNAL COMPONENTS
THAT PERFORM A SPEC0fiC OPERAT0ON OUTS0DE THE MODEL% /HE0R ROLE 0S NOT L0M0TED TO
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CHECK0NG THE fiNAL OUTPUT% /HEY ARE ESPEC0ALLY USEFUL WHEN A TASK CAN BE HANDLED
MORE REL0ABLY BY A SPEC0AL0ZED OR DETERM0N0ST0C SYSTEM THAN BY NATURALhLANGUAGE
iUDGMENTb33[% !OR EXAMPLE: 0NSTEAD OF ASK0NG AN kk< WHETHER A PROGRAM WORKS:
THE SYSTEM CAN COMP0LE AND RUN THE PROGRAM% r0M0LARLY: GENERATED TEST CASES CAN BE
EXECUTED AGA0NST A MODEL SOLUT0ON% !URTHERMORE: DETERM0N0ST0C CHECKS CAN BE USED TO
VER0FY WHETHER THE OUTPUT HAS THE REQU0RED FORMAT OR CONTA0NS ALL REQU0RED fiELDS% -N
THESE CASES: THE kk< REMA0NS RESPONS0BLE FOR GENERAT0ON AND 0NTERPRETAT0ON: WH0LE
THE TOOLS PROV0DES A MORE REL0ABLE CHECK FOR SPEC0fiC ASPECTS OF THE OUTPUT% /H0S
MAKES 0T POSS0BLE TO DETECT PROBLEMS BEFORE THE EXERC0SE 0S SHOWN TO A TEACHER OR
USED 0N A PLATFORM%

>OWEVER: TECHN0CAL VAL0DAT0ON 0S NOT SUffiC0ENT FOR EDUCAT0ONAL EXERC0SE GENERAT0ON%
� PROGRAM MAY EXECUTE CORRECTLY WH0LE THE TASK DESCR0PT0ON REMA0NS VAGUE% � TEST
SU0TE MAY PASS WH0LE THE FEEDBACK MESSAGES ARE NOT HELPFUL FOR STUDENTS% � B0OLOG0CAL
CONTEXT MAY SOUND PLAUS0BLE WH0LE US0NG 0MPREC0SE TERM0NOLOGY OR 0NTRODUC0NG A
M0SCONCEPT0ON% /HESE ASPECTS REQU0RE 0NTERPRETAT0ON RATHER THAN EXECUT0ON ALONE%
!OR THAT REASON: FEEDBACK AGENTS CAN BE USED AS AN ADD0T0ONAL kk<hBASED QUAL0TYh
CONTROL MECHAN0SMb3n[% !EEDBACK CAN BE GENERATED BY THE SAME MODEL THAT PRODUCED
THE EXERC0SE: BUT TH0S HAS L0M0TAT0ONS% vHEN A MODEL EVALUATES 0TS OWN OUTPUT: 0T MAY
OVERLOOK M0STAKES OR RE0NFORCE ASSUMPT0ONS MADE DUR0NG GENERAT0ONb3n[% � SEPARATE
FEEDBACK AGENT CAN THEREFORE PROV0DE A MORE 0NDEPENDENT REV0EW%b3n[ � FEEDBACK
AGENT 0S AN kk<hBASED COMPONENT THAT EVALUATES GENERATED OUTPUT FROM A SPEC0fiC
PERSPECT0VE: SUCH AS A TEACHER: STUDENT: OR DOMA0N EXPERTb33[% -N TH0S WAY: FEEDBACK
AGENTS CAN HELP CHECK WHETHER THE GENERATED EXERC0SE SAT0SfiES NOT ONLY TECHN0CAL
REQU0REMENTS: BUT ALSO THE PEDAGOG0CAL AND CONTEXTUAL REQU0REMENTS D0SCUSSED 0N
THE PREV0OUS SECT0ONS%

_AL0DAT0ON TOOLS AND FEEDBACK AGENTS THEREFORE ADDRESS D0fERENT ASPECTS OF THE
SAME QUAL0TY PROBLEM% /OOLS ARE USEFUL WHEN PART OF THE OUTPUT CAN BE CHECKED
THROUGH EXECUT0ON: DETERM0N0ST0C RULES: OR ANOTHER SPEC0AL0ZED SYSTEM% !EEDBACK
AGENTS ARE USEFUL WHEN THE QUAL0TY OF THE EXERC0SE DEPENDS ON 0NTERPRETAT0ON RATHER
THAN D0RECT VER0fiCAT0ON% /OGETHER: THEY MAKE THE GENERAT0ON PROCESS MORE CONTROLLED%
!EEDBACK AND TOOLS ARE ESPEC0ALLY USEFUL 0N MULT0hPROMPT OR MULT0hAGENT P0PEL0NES%
vHEN EACH STEP DEPENDS ON THE PREV0OUS ONE: A SMALL ERROR EARLY 0N THE CHA0N CAN
AfECT ALL LATER OUTPUTS% /HEREFORE: 0T 0S BETTER TO CATCH SUCH PROBLEMS AS EARLY
AS POSS0BLE% /H0S ENABLES STOPP0NG THE P0PEL0NE: PREVENT0NG AVO0DABLE TOKEN COSTS%
�LTERNAT0VELY: TH0S CAN TR0GGER A REfiNEMENT LOOP: WHERE THE PROBLEMAT0C OUTPUT 0S
REV0SED BEFORE THE WORK5OW CONT0NUES%

_AL0DAT0ON AND FEEDBACK CAN 0MPROVE THE REL0AB0L0TY OF GENERATED EDUCAT0ONAL
MATER0AL: BUT THEY DO NOT REMOVE THE NEED FOR HUMAN iUDGMENT% /EACHERS REMA0N
0MPORTANT FOR iUDG0NG WHETHER GENERATED MATER0AL fiTS THE0R STUDENTS: LESSON GOALS:
AND TEACH0NG APPROACH% >OWEVER: VAL0DAT0ON AND FEEDBACK CAN 0MPROVE THE DRAFT
BEFORE 0T REACHES THAT STAGE% -NSTEAD OF ASK0NG TEACHERS TO 0DENT0FY EVERY TECHN0CAL:
CONTEXTUAL: OR PEDAGOG0CAL 0SSUE THEMSELVES: THE SYSTEM CAN ALREADY fiLTER OUT PART OF
THESE PROBLEMS DUR0NG GENERAT0ON% /H0S 0S 0MPORTANT BECAUSE THE A0M 0S NOT ONLY TO
PRODUCE EXERC0SES AUTOMAT0CALLY: BUT TO PRODUCE MATER0AL THAT CAN SERVE AS A USABLE
START0NG PO0NT FOR CLASSROOM ADAPTAT0ON%
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3)t)fi /EACHERhOR0ENTED DES0GN AND USAB0L0TY OF GENERATED MATER0ALS

/HE PRACT0CAL USAB0L0TY OF AN EDUCAT0ONAL GENERAT0ON SYSTEM DEPENDS NOT ONLY ON
WHETHER 0T CAN PRODUCE EDUCAT0ONAL MATER0AL: BUT ALSO ON WHETHER TEACHERS CAN READh
0LY 0NCORPORATE THE RESULT0NG OUTPUT 0NTO THE0R PRACT0CE% 4ENERATED MATER0AL MUST fiT
THE 0NTENDED CURR0CULUM: STUDENTS: AND CLASSROOM S0TUAT0ON: WH0LE REMA0N0NG SUffih
C0ENTLY TRANSPARENT AND ADAPTABLE FOR TEACHER REV0EW% 2SAB0L0TY THEREFORE CONCERNS
BOTH THE SU0TAB0L0TY OF THE OUTPUT AND THE WORK REQU0RED TO MAKE 0T SU0TABLE FOR A
PART0CULAR EDUCAT0ONAL SETT0NG%

’ESEARCH 0NVOLV0NG J—o3 TEACHERS 0ND0CATES THAT GENERAT0VEh�- TOOLS CAN SUPh
PORT LESSON PLANN0NG AND MATER0AL CREAT0ON BY ALLOW0NG CONTENT TO BE PRODUCED AND
ADAPTED MORE QU0CKLYboz[% �T THE SAME T0ME: THE0R PRACT0CAL USEFULNESS CAN DECL0NE
WHEN GENERATED OUTPUTS DO NOT MATCH THE LOCAL CURR0CULUM: STUDENTS‘ LEVEL: OR THE
CULTURAL AND EDUCAT0ONAL CONTEXT% /HE VALUE OF GENERAT0ON CONSEQUENTLY DEPENDS NOT
ONLY ON 0TS EffiC0ENCY: BUT ALSO ON WHETHER THE RESULT0NG MATER0AL fiTS THE SETT0NG 0N
WH0CH 0T W0LL BE USEDboz[%

rELWYN ET AL% p3z3fi(btz[ SHOW MORE D0RECTLY HOW THESE L0M0TAT0ONS AfECT TEACHh
ERS‘ WORK% <ATER0ALS PRODUCED US0NG GENERALhPURPOSE GENERAT0VEh�- TOOLS FREQUENTLY
REQU0RE CHECK0NG: CORRECT0NG: REORGAN0Z0NG: OR REWR0T0NG BEFORE THEY CAN BE USED%
/H0S WORK 0S NOT CAUSED ONLY BY FACTUAL 0NACCURAC0ES% /EACHERS MUST ALSO DETERM0NE
WHETHER AN OUTPUT RE5ECTS THE LOCAL CURR0CULUM: THE0R PEDAGOG0CAL 0NTENT0ONS: THE
NEEDS OF PART0CULAR STUDENTS: AND THE C0RCUMSTANCES OF THE LESSON% aECAUSE SOME OF
TH0S KNOWLEDGE 0S CONTEXTUAL AND UNSTATED: REPEATED PROMPT REfiNEMENT DOES NOT
NECESSAR0LY PRODUCE CLASSROOMhREADY MATER0AL% 4ENERATED OUTPUTS THEREFORE REMA0N
DRAFTS REQU0R0NG TEACHER REV0EW%btz[

+UAL0TY AND USAB0L0TY ARE THEREFORE CLOSELY RELATED: BUT NOT 0DENT0CAL% 1ROBLEMS 0N
THE TECHN0CAL: PEDAGOG0CAL: OR CONTEXTUAL QUAL0TY OF AN EXERC0SE GENERALLY 0NCREASE THE
REV0S0ON WORK REQU0RED FROM TEACHERS% mEVERTHELESS: MATER0AL OF ACCEPTABLE GENERAL
QUAL0TY MAY ST0LL REQU0RE ADAPTAT0ON TO fiT A PART0CULAR CLASSROOM OR LESSON% /HESE
fiND0NGS SUGGEST THAT EDUCAT0ONAL GENERAT0ON SYSTEMS CAN SUPPORT TEACHERS BY G0V0NG
THEM GREATER CONTROL OVER THE 0NTENDED OUTPUT AND BY REDUC0NG AVO0DABLE REV0S0ON
WORK: WH0LE LEAV0NG THE fiNAL iUDGMENT ABOUT CLASSROOM USE W0TH THE TEACHER%

3)t)7 dw0ST0NG GENERAT0ON ENG0NES

dX0ST0NG kk<hBASED GENERAT0ON SYSTEMS 0LLUSTRATE HOW SOME QUAL0TY AND USAB0L0TY
CONCERNS CAN BE ADDRESSED THROUGH SYSTEM DES0GN% dX4EN USES FEWhSHOT PROMPT0NG
TO GU0DE THE GENERAT0ON OF PROBLEM STATEMENTS: REFERENCE SOLUT0ONS: AND TEST CASES%
� D0ffiCULTYhASSESSMENT AGENT SUBSEQUENTLY ACTS AS A fiLTERc EXERC0SES THAT DO NOT
PASS TH0S ASSESSMENT ARE NOT RETA0NED FOR USEbtt[% 1Y/ASKrYN EXTENDS TH0S 0DEA
THROUGH A MULT0hAGENT P0PEL0NE: WHERE ROLEhSPEC0fiC AGENTS S0MULATE EXPERT: TUTOR:
AND STUDENT PERSPECT0VES% /HE EXPERT AGENT GENERATES A CONTEXTUAL0ZED PROGRAMM0NG
TASK: WH0LE TUTOR AND STUDENT AGENTS EVALUATE 0TS CORRECTNESS: CONTEXTUAL RELEVANCE:
AND COMPREHENS0B0L0TY b3;[% /HESE SYSTEMS SHOW THAT kk<hBASED EXERC0SE GENERAT0ON
CAN BE COMB0NED W0TH VAL0DAT0ON AND REV0EW STEPS: RATHER THAN RELY0NG ONLY ON A

33



3%t% �UTOMAT0C GENERAT0ON OF EDUCAT0ONAL PROGRAMM0NG EXERC0SES

S0NGLE D0RECT GENERAT0ON STEP%
�LTHOUGH 0T DOES NOT FOCUS SPEC0fiCALLY ON PROGRAMM0NG EXERC0SES: -NTELL0� PROh

V0DES ANOTHER RELEVANT EXAMPLE OF TEACHERhCONTROLLED EDUCAT0ONAL GENERAT0ON% -Nh
STEAD OF REQU0R0NG 0NSTRUCTORS TO CONSTRUCT COMPLETE PROMPTS MANUALLY: THE SYSTEM
ALLOWS THEM TO PROV0DE SOURCE MATER0AL AND CONfiGURE PEDAGOG0CAL PARAMETERS SUCH
AS THE 0NSTRUCT0ONAL GOAL: QUEST0ON FORMAT: AND D0ffiCULTY% /HESE SELECT0ONS ARE SUBh
SEQUENTLY TRANSLATED 0NTO PROMPTS BY THE SYSTEM% -NTELL0� THEREFORE 0LLUSTRATES HOW
STRUCTURED 0NPUT CAN G0VE 0NSTRUCTORS CONTROL OVER RELEVANT CHARACTER0ST0CS OF THE GENh
ERATED MATER0AL WH0LE REDUC0NG THE0R REL0ANCE ON MANUAL PROMPT ENG0NEER0NG% >OWh
EVER: THE SYSTEM WAS EVALUATED W0TH0N A UN0VERS0TY COURSE: AND 0TS APPL0CAB0L0TY TO
SECONDARY PROGRAMM0NG EDUCAT0ON AND 0NTERD0SC0PL0NARY EXERC0SE GENERAT0ON REMA0NS
TO BE ESTABL0SHED%bt7[

/HESE SYSTEMS 0LLUSTRATE D0fERENT WAYS OF CONTROLL0NG EDUCAT0ONAL GENERAT0ON%
/HESE SYSTEMS 0LLUSTRATE D0fERENT APPROACHES TO CONTROLL0NG EDUCAT0ONAL GENERAT0ON%
dX4EN USES EXAMPLES TO GU0DE GENERAT0ON AND A D0ffiCULTYhASSESSMENT fiLTER TO EXCLUDE
UNSU0TABLE EXERC0SESbtt[: 1Y/ASKrYN D0STR0BUTES GENERAT0ON AND EVALUAT0ON ACROSS
AGENTS REPRESENT0NG D0fERENT EDUCAT0ONAL PERSPECT0VESb3;[: AND -NTELL0� TRANSLATES
STRUCTURED PEDAGOG0CAL CHO0CES 0NTO PROMPTSbt7[% /H0S THES0S BU0LDS ON THESE APh
PROACHES W0TH0N A MORE SPEC0fiC EDUCAT0ONAL SETT0NG% dXERC0SES ARE NOT TREATED AS
0NDEPENDENT OUTPUTS: BUT AS PARTS OF AN EDUCAT0ONAL DES0GN PROCESS 0N WH0CH TEACHh
ERS NEED CONTROL OVER WHAT 0S GENERATED AND HOW 0T fiTS W0TH0N A LEARN0NG PROGRESS0ON%

dX0ST0NG PROGRAMM0NGhEXERC0SE GENERATORS COMMONLY STEER CONTEXTUAL0ZAT0ON THROUGH
KEYWORDS: TOP0CS: OR THEMES% /H0S SUPPORTS VAR0AT0ON: BUT PROV0DES LESS CONTROL OVER
WHETHER THE CONTEXT 0S GROUNDED 0N STRUCTURED DOMA0N KNOWLEDGE AND AL0GNED W0TH
THE SURROUND0NG CURR0CULUM% -NTELL0� OfERS MORE EXPL0C0T CONTROL OVER PEDAGOG0CAL
CHARACTER0ST0CS: BUT DOES NOT ADDRESS CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES WHOSE
D0fERENT COMPONENTS AND POS0T0ON W0TH0N A SEQUENCE MUST REMA0N AL0GNED%

/HE APPROACH EXAM0NED 0N TH0S THES0S THEREFORE 0NVEST0GATES HOW STRUCTURED
TEACHER 0NPUT: DOMA0N GROUND0NG: GENERAT0ON AND EVALUAT0ON COMPONENTS: AND TECHh
N0CAL VAL0DAT0ON CAN BE COMB0NED TO SUPPORT BOTH THE QUAL0TY OF THE GENERATED EXERh
C0SES AND THE0R PRACT0CAL USAB0L0TY FOR TEACHERS%
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bHAPTER t

lATER0ALS AND METHODS

t)o rTUDY DES0GN AND SCOPE
/H0S THES0S FOLLOWS AN EXPLORATORY DES0GNhBASED RESEARCH APPROACH TO DEVELOP AND
EVALUATE AN kk<hBASED SYSTEM FOR GENERAT0NG CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES%
/HE STUDY 0S ORGAN0ZED 0NTO FOUR CONNECTED PHASES: AS SUMMAR0ZED 0N !0GURE t%o%
/HESE PHASES COVER THE EXPLORAT0ON OF THE DES0GN CONTEXT: THE 0TERAT0VE DEVELOPMENT
OF THE EXERC0SEhGENERAT0ON LAYER: THE EVALUAT0ON AND ABSTRACT0ON OF THE RESULT0NG DEh
S0GN KNOWLEDGE: AND 0TS SUBSEQUENT APPL0CAT0ON AND HUMANhCENTERED EVALUAT0ON%

/HE fiRST PHASE 0DENT0fiES TEACHER NEEDS: CLASSROOM CONSTRA0NTS: AND TECHN0CAL PLATh
FORM REQU0REMENTS THROUGH THE EXPLORATORY STUDY AND THE L0TERATURE REV0EW% /HESE
fiND0NGS ARE TRANSLATED 0NTO SYSTEM REQU0REMENTS THAT GU0DE THE SUBSEQUENT DEVELh
OPMENT PROCESS% -N THE SECOND PHASE: THE EXERC0SEhGENERAT0ON LAYER 0S DEVELOPED
THROUGH S0X 0TERAT0VE CYCLES% dACH CYCLE COMB0NES 0MPLEMENTAT0ON W0TH 0NTERNAL
EVALUAT0ON AND REfiNEMENT% /WO EXTERNAL REV0EW ROUNDS PROV0DE ADD0T0ONAL FEEDBACK
AT SELECTED PO0NTS 0N TH0S PROCESS% /HE fiRST REV0EW 0NFORMS FURTHER SYSTEMhLEVEL DEh
VELOPMENT: WH0LE THE SECOND 0DENT0fiES REMA0N0NG L0M0TAT0ONS AFTER THE 0NTRODUCT0ON
OF DED0CATED TEST GENERAT0ON%

-N THE TH0RD PHASE: THE RESULT0NG EXERC0SEhGENERAT0ON LAYER 0S EVALUATED SYSTEMh

80G2RE tpoc 9VERV0EW OF THE FOUR STUDY PHASES: THE 0TERAT0VE DEVELOPMENT OF THE
EXERC0SEhGENERAT0ON LAYER: AND THE0R RELAT0ONSH0P TO THE RESEARCH QUEST0ONS%
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AT0CALLY BY EXAM0N0NG 0TS 0NTERNAL BEHAV0OR: 0NCLUD0NG OUTPUT CONS0STENCY AND THE
OPERAT0ON OF 0TS FEEDBACK: REfiNEMENT: AND EXECUT0ON MECHAN0SMS% /HE fiND0NGS FROM
TH0S EVALUAT0ON ARE COMB0NED W0TH THE DES0GN KNOWLEDGE ACCUMULATED THROUGHOUT THE
S0X DEVELOPMENT CYCLES% ’ECURR0NG FUNCT0ONS AND RELAT0ONSH0PS ARE THEN ABSTRACTED
0NTO A GENERAL GENERAT0ON ARCH0TECTURE% /H0S ARCH0TECTURE REPRESENTS THE MA0N SYSTEMh
LEVEL CONTR0BUT0ON OF THE THES0S AND 0S USED TO ADDRESS ’+o

/HE FOURTH PHASE APPL0ES THE GENERAL ARCH0TECTURE TO SEQUENCE GENERAT0ON AND
EVALUATES THE GENERATED MATER0ALS FROM THE PERSPECT0VES OF THE0R 0NTENDED USERS% /HE
ARCH0TECTURE 0S USED TO DEVELOP A SEQUENCEhGENERAT0ON LAYER THAT PRODUCES EXERC0SE
BLUEPR0NTS% /HESE BLUEPR0NTS SUBSEQUENTLY SERVE AS STRUCTURED 0NPUT FOR THE EXERC0SEh
GENERAT0ON LAYER: WH0CH CONVERTS THEM 0NTO COMPLETE EXERC0SE SEQUENCES% rEPARATELY:
FOR THE CLASSROOM STUDY ADDRESS0NG ’+t: STUDENTS FROM THE EDUCAT0ONAL MASTER‘S
PROGRAM CREATED STRUCTURED EXERC0SE BLUEPR0NTS THAT SERVED AS D0RECT 0NPUT TO THE
EXERC0SEhGENERAT0ON LAYER% /HE SEQUENCEhGENERAT0ON LAYER WAS THEREFORE NOT USED FOR
TH0S STUDY% /HE DETA0LED ORGAN0ZAT0ON OF THE CLASSROOM STUDY 0S EXPLA0NED 0N rECT0ON
t%;%o

/HE D0fERENT PHASES THEREFORE SERVE COMPLEMENTARY PURPOSES% /HE 0TERAT0VE
DEVELOPMENT AND 0NTERNAL SYSTEM EVALUAT0ON EXAM0NE HOW AN EXERC0SEhGENERAT0ON
SYSTEM CAN BE CONSTRUCTED AND CONTROLLED% /HE CLASSROOM STUDY AND TEACHER AND
DOMA0NhEXPERT EVALUAT0ON EXAM0NE THE GENERATED MATER0AL FROM STUDENT: TEACHER: AND
DOMA0N PERSPECT0VES% 40VEN THE EXPLORATORY SCOPE OF THE STUDY: THESE EVALUAT0ONS
ARE USED PR0MAR0LY TO 0DENT0FY STRENGTHS: L0M0TAT0ONS: AND OPPORTUN0T0ES FOR FURTHER
REfiNEMENT RATHER THAN TO ESTABL0SH BROAD CLA0MS ABOUT CLASSROOM EfECT0VENESS%

t)o)o ,ES0GN BASED APPROACH
,ES0GNhBASED RESEARCH CONNECTS THEORET0CAL PR0NC0PLES W0TH THE0R PRACT0CAL 0MPLEMENh
TAT0ON 0N AUTHENT0C EDUCAT0ONAL SETT0NGS% -T SUPPORTS THE 0TERAT0VE DEVELOPMENT AND
EXAM0NAT0ON OF AN 0NTERVENT0ON WH0LE ACCOUNT0NG FOR THE REQU0REMENTS AND CONSTRA0NTS
OF THE CONTEXT 0N WH0CH 0T 0S 0NTENDED TO BE USEDbo7: 37[% -T 0S CHARACTER0ZED BY 0TERh
AT0VE CYCLES OF DES0GN: EVALUAT0ON: RE5ECT0ON: AND REfiNEMENT% /HESE CYCLES SERVE NOT
ONLY TO 0MPROVE THE 0NTERVENT0ON BUT ALSO TO 0DENT0FY WHY PART0CULAR DES0GN COMPOh
NENTS ARE NEEDED AND HOW THEY CONTR0BUTEbo7: 37[% /HESE ACT0V0T0ES ARE TRANSLATED
0NTO THE FOUR STUDYhSPEC0fiC PHASES PRESENTED 0N !0GURE t%o

1HASE o CORRESPONDS TO THE PREL0M0NARY EXPLORAT0ON AND ESTABL0SHES THE L0TERATUREh
0NFORMED AND STAKEHOLDERh0NFORMED REQU0REMENTS FOR THE SYSTEM% 1HASE 3 REPRESENTS
THE DES0GN AND DEVELOPMENT ACT0V0TY: CONDUCTED THROUGH S0X 0TERAT0VE CYCLES% 1HASE
t PERFORMS THE RETROSPECT0VE ANALYS0S BY CONSOL0DAT0NG THE fiND0NGS FROM THE DEVELOPh
MENT PROCESS AND 0NTERNAL SYSTEM EVALUAT0ON 0NTO A GENERAL GENERAT0ON ARCH0TECTURE%
1HASE fl SUBSEQUENTLY APPL0ES TH0S DES0GN KNOWLEDGE TO SEQUENCE GENERAT0ON AND EXh
TENDS THE EVALUAT0ON TO STUDENTS: TEACHERS: AND DOMA0N EXPERTS%

-N ACCORDANCE W0TH ,a’: THE 0TERAT0VE CYCLES ARE 0NTENDED BOTH TO 0MPROVE THE
EXERC0SEhGENERAT0ON LAYER AND TO PRODUCE DES0GN KNOWLEDGE% <AiOR ADD0T0ONS AND
MOD0fiCAT0ONS RESPOND TO NEEDS OR L0M0TAT0ONS 0DENT0fiED THROUGH THE L0TERATURE: EXh
PLORATORY STUDY: 0NTERNAL EVALUAT0ON: OR EXTERNAL REV0EW% dVALUAT0ON AND RE5ECT0ON
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t%3% dXPLORATORY PHASEc DES0GN CONTEXT

THEREFORE OCCUR THROUGHOUT DEVELOPMENT: RATHER THAN ONLY AFTER THE 0MPLEMENTAT0ON
HAS BEEN COMPLETED% /HE RETROSPECT0VE ANALYS0S 0N 1HASE t CONSOL0DATES THE KNOWLh
EDGE ACCUMULATED ACROSS THESE CYCLES AND ABSTRACTS 0T 0NTO MORE GENERAL ARCH0TECTURAL
COMPONENTS AND RELAT0ONSH0PS%

t)3 dwPLORATORY PHASEc DES0GN CONTEwT

t)3)o /EACHER NEEDS AND CLASSROOM CONSTRA0NTS ANALYS0S
/EACHER NEEDS AND CLASSROOM CONSTRA0NTS ARE EXPLORED US0NG AN EXPLORATORY SURVEY
AND SEM0hSTRUCTURED 0NTERV0EWS% /HE SURVEY 0S COMPLETED BY S0X TEACHERS% /HE
0NTERV0EWS 0NVOLVE FOUR PART0C0PANTSc TWO 0NFORMAT0CS TEACHERS AND TWO PROFESS0ONALS
WHO SUPPORT TEACHERS THROUGH PEDAGOG0CAL GU0DANCE AND PROFESS0ONALhDEVELOPMENT
ACT0V0T0ES% /HE 0NTERV0EWS PROV0DE MORE DETA0LED 0NS0GHT 0NTO CLASSROOM EXPER0ENCES
AND 0MPLEMENTAT0ON CONSTRA0NTS: WH0LE THE SURVEY COLLECTS 0NPUT FROM A BROADER GROUP
0N A STRUCTURED MANNER%

/HE 0NTERV0EWS PROV0DE MORE DETA0LED 0NS0GHTS 0NTO TEACHERS‘ EXPER0ENCES AND
CONSTRA0NTS: WH0LE THE SURVEY COLLECTS BROADER 0NPUT 0N A MORE STRUCTURED WAY% aOTH
0NSTRUMENTS FOCUS ON TEACHERS‘ BACKGROUND: THE ORGAN0ZAT0ON OF 0NFORMAT0CS LEARN0NG
GOALS: EX0ST0NG TEACH0NG MATER0ALS: CONTEXTUAL0ZAT0ON PRACT0CES: STUDENT MOT0VAT0ON:
AND 0MPLEMENTAT0ON CONSTRA0NTS%

aECAUSE OF THE L0M0TED NUMBER OF PART0C0PANTS: THE fiND0NGS ARE USED TO 0DENT0FY
RECURR0NG NEEDS AND CONCERNS RATHER THAN TO EST0MATE HOW COMMONLY THESE OCCUR
AMONG ALL a•rv TEACHERS% /HESE fiND0NGS 0NFORM THE 0NPUT AND OUTPUT REQU0REh
MENTS: CONTEXTUAL0ZAT0ON APPROACH: AND EVALUAT0ON CR0TER0A OF THE GENERAT0ON SYSTEM%
/HE SURVEY AND 0NTERV0EW GU0DE ARE 0NCLUDED 0N �PPEND0X �%

t)3)3 E/EACHER PLATFORM ANALYS0S
aECAUSE THE MA0N 0NTERVENT0ON TAKES PLACE 0N E/EACHER: THE PLATFORM 0S ANALYZED
BEFORE THE GENERAT0ON ENG0NE 0S DES0GNED 0N DETA0L% /H0S ANALYS0S DOES NOT EVALUATE
E/EACHER AS A LEARN0NG PLATFORM% -NSTEAD: 0T 0DENT0fiES THE PRACT0CAL AND TECHN0CAL
CONSTRA0NTS THAT THE GENERATED EXERC0SES NEED TO FOLLOW%

/HE ANALYS0S FOCUSES ON THREE ASPECTS% !0RST: EX0ST0NG E/EACHER MODULES ARE REh
V0EWED TO UNDERSTAND HOW PROGRAMM0NG CONCEPTS ARE 0NTRODUCED AND ORDERED% /H0S
HELPS 0DENT0FY WHERE THE 0NTERVENT0ON CAN fiT W0TH0N THE EX0ST0NG LEARN0NG TRAiECTORY%
rECOND: THE SUPPORTED ACT0V0TY TYPES ARE DOCUMENTED% �LTHOUGH E/EACHER SUPPORTS
D0fERENT TYPES OF ACT0V0T0ES: TH0S THES0S FOCUSES ON CODEhBASED PROGRAMM0NG EXERC0SES%
9THER ACT0V0TY TYPES ARE THEREFORE CONS0DERED PART OF THE BROADER PLATFORM CONTEXT:
BUT ARE NOT 0NCLUDED 0N THE GENERATED OUTPUT% /H0S L0M0TS THE SCOPE OF THE THES0S:
WH0CH SUPPORTS AN EAS0ER EVALUAT0ON% /H0RD: THE TECHN0CAL STRUCTURE OF CODEhBASED
EXERC0SES 0S ANALYZED: 0NCLUD0NG THE REQU0RED EXERC0SE COMPONENTS: x�<k STRUCTURE:
AND TEST CASE FORMAT%

/OGETHER: THESE OBSERVAT0ONS DEfiNE THE PLATFORMhRELATED CONSTRA0NTS FOR THE GENh
ERAT0ON ENG0NE% r0NCE THE EXERC0SES ARE 0NTENDED FOR USE 0N E/EACHER: THE SYSTEM NOT
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ONLY NEEDS TO GENERATE PEDAGOG0CALLY MEAN0NGFUL EXERC0SES% -T ALSO NEEDS TO PRODUCE
THE COMPONENTS REQU0RED BY CODEhBASED E/EACHER EXERC0SES AND STRUCTURE THEM 0N A
WAY THAT CAN LATER BE CONVERTED TO THE PLATFORM FORMAT%

t)3)t bOLLABORAT0ON W0TH EDUCAT0ONAL MASTER STUDENTS

-N ADD0T0ON TO THE ABOVEhDESCR0BED ANALYS0S: THE DES0GN PROCESS 0NCLUDES COLLABORAh
T0ON W0TH STUDENTS FROM THE EDUCAT0ONAL MASTER‘S PROGRAM% /HESE STUDENTS DES0GN
A SMALL CURR0CULUM 0NTERVENT0ON W0TH CONTEXTUAL0ZED PROGRAMM0NG EXERC0SES% /H0S
0NTERVENT0ON A0MS TO EXPLORE WHETHER CONNECT0NG PROGRAMM0NG CONCEPTS TO B0OLOG0CAL
CONTENT CAN SUPPORT THE MOT0VAT0ON OF a•rv STUDENTS%

/HE COLLABORAT0ON WORKS AS FOLLOWS% /HE EDUCAT0ONAL MASTER STUDENTS DEfiNE
THE PEDAGOG0CAL DES0GN OF THE EXERC0SE SEQUENCE% /H0S 0NCLUDES DEC0S0ONS ABOUT THE
LEARN0NG GOAL: THE ORDER OF THE EXERC0SES: THE 0NTENDED PROGRESS0ON: AND THE WAY THE
B0OLOG0CAL CONTEXT SUPPORTS THE PROGRAMM0NG CONCEPT% /HE GENERAT0ON ENG0NE USES
TH0S 0NFORMAT0ON AS 0NPUT AND GENERATES EXERC0SES THAT fiT THESE REQU0REMENTS% -N TH0S
WAY: THE SYSTEM DOES NOT GENERATE EXERC0SES FROM A BROAD PROMPT ONLY: BUT FROM
EXPL0C0T PEDAGOG0CAL DEC0S0ONS THAT DESCR0BE THE 0NTENDED ROLE OF EACH EXERC0SE 0N THE
SEQUENCE%

/HE EDUCAT0ONAL MASTER STUDENTS ALSO REV0EW THE GENERATED EXERC0SES DUR0NG DEh
VELOPMENT% /HE0R FEEDBACK 0S USED TO CHECK WHETHER THE EXERC0SES FOLLOW THE 0NTENDED
PEDAGOG0CAL STRUCTURE AND WHETHER THE B0OLOG0CAL CONTEXT 0S USED 0N A MEAN0NGFUL WAY%
/H0S COLLABORAT0ON HELPS DEfiNE THE 0NPUT STRUCTURE OF THE EXERC0SE GENERAT0ON LAYER
AND SUPPORTS THE REfiNEMENT OF THE GENERATED EXERC0SES DUR0NG DEVELOPMENT%

t)t –ROM DES0GN CONTEwT TO SYSTEM REQU0REMENTS

/HE EXPLORATORY PHASE AND L0TERATURE REV0EW WERE TRANSLATED 0NTO A SET OF REQU0REh
MENTS FOR THE EXERC0SE GENERAT0ON LAYER% /H0S LAYER 0S RESPONS0BLE FOR GENERAT0NG
COMPLETE PROGRAMM0NG EXERC0SES FROM STRUCTURED 0NPUT% /HE REQU0REMENTS DEfiNE
THE 0NFORMAT0ON REQU0RED BEFORE GENERAT0ON: THE ART0FACTS THAT MUST BE PRODUCED:
THE FUNCT0ONAL0TY THE GENERAT0ON LAYER MUST PROV0DE: AND THE CR0TER0A THAT GENERATED
EXERC0SES MUST SAT0SFY% /OGETHER: THESE REQU0REMENTS GU0DE THE DES0GN OF THE GENERAh
T0ON ARCH0TECTURE DESCR0BED 0N THE FOLLOW0NG SECT0ONS% /HE SEQUENCE GENERAT0ON LAYER
0S 0NTRODUCED LATER AS AN EXTENS0ON OF TH0S ARCH0TECTURE AND THEREFORE HAS ADD0T0ONAL
SEQUENCEhSPEC0fiC REQU0REMENTS%

t)t)o -NPUT REQU0REMENTS

/HE 0NPUT REQU0REMENTS DEfiNE THE PEDAGOG0CAL AND TECHN0CAL 0NFORMAT0ON THAT MUST
BE PROV0DED BEFORE GENERAT0ON STARTS% /HESE REQU0REMENTS ENABLE TEACHERS TO SPEC0FY
THE DES0RED CHARACTER0ST0CS OF THE GENERATED EXERC0SE OR EXERC0SE SEQUENCE% /ABLE t%o
SUMMAR0ZES THE REQU0RED 0NPUTS AND THE0R DES0GN RAT0ONALE%
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-NPUT pPROV0DED BY TEACHER(
-NPUT PARAMETER ,ES0GN RAT0ONALE
<A0N PROGRAMM0NG TOP0C ,EfiNES THE PR0MARY PROGRAMM0NG CONCEPT THE EXERh

C0SE SHOULD TEACH OR PRACT0CE%
�DD0T0ONAL PROGRAMM0NG
CONCEPTS

rPEC0fiES OTHER CONCEPTS THE TEACHER WOULD PREFERh
ABLY L0KE TO 0NCLUDE%

�LLOWED PROGRAMM0NG CONh
CEPTS

,EfiNES WH0CH SUPPORT0NG CONCEPTS MAY BE USED 0N
THE EXERC0SE%

•ONTEXT TOP0C · GU0DANCE •ONTEXTUAL0ZES THE PROGRAMM0NG EXERC0SE W0TH A
MEAN0NGFUL AND GROUNDED CONTEXT pE%G%: a0OLOGY(%

1R0OR KNOWLEDGE · GU0Dh
ANCE

dNABLES THE GENERATED EXERC0SE TO BE BU0LT UPON PREh
V0OUSLY ACQU0RED KNOWLEDGE%

dXERC0SE TYPE �LLOWS TEACHERS TO CHOOSE BETWEEN D0fERENT PEDAh
GOG0CAL ACT0V0T0ES%

9UTPUT pGENERATED BY THE SYSTEM(
9UTPUT ART0FACT ,ES0GN RAT0ONALE
1ROBLEM STATEMENT 1RESENTS THE PROGRAMM0NG TASK W0TH0N A MEAN0NGFUL

B0OLOG0CAL CONTEXT%
/EMPLATE CODE rUPPORTS SCAfOLD0NG BY PROV0D0NG AN APPROPR0ATE

START0NG PO0NT FOR STUDENTS%
<ODEL SOLUT0ON rUPPORTS TEACHER REV0EW AND PROV0DES A REFERENCE 0Mh

PLEMENTAT0ON FOR AUTOMATED VAL0DAT0ON%
/EST CASES dNABLE AUTOMAT0C ASSESSMENT AND 0MMED0ATE FORMAh

T0VE FEEDBACK%
!EEDBACK MESSAGES >ELP STUDENTS 0NTERPRET TEST OUTCOMES AND GU0DE FURh

THER LEARN0NG%
<ETADATA 1RESERVES PEDAGOG0CAL 0NFORMAT0ON REQU0RED FOR PLATh

FORM 0NTEGRAT0ON AND SEQUENCE PLANN0NG%
1LATFORM REPRESENTAT0ON •ONVERTS GENERATED EXERC0SES 0NTO A FORMAT COMPATh

0BLE W0TH THE E/EACHER PLATFORM%

6ABLE tpoc -NPUTS TO THE GENERAT0ON ENG0NE AND THE RESULT0NG OUTPUT ART0FACTS%

t)t)3 nUTPUT REQU0REMENTS

/HE OUTPUT REQU0REMENTS DEfiNE THE ART0FACTS PRODUCED BY THE GENERAT0ON ENG0NE% /Oh
GETHER: THESE OUTPUTS SUPPORT STUDENTS DUR0NG THE LEARN0NG PROCESS: PROV0DE TEACHERS
W0TH THE 0NFORMAT0ON REQU0RED TO REV0EW GENERATED EXERC0SES: AND ENABLE 0NTEGRAT0ON
W0TH THE E/EACHER PLATFORM% /ABLE t%o SUMMAR0ZES THE GENERATED ART0FACTS AND THE0R
DES0GN RAT0ONALE%

t)t)t –UNCT0ONAL REQU0REMENTS

aEYOND DEfiN0NG THE REQU0RED 0NPUTS AND OUTPUTS: THE GENERAT0ON ENG0NE SHOULD SATh
0SFY SEVERAL FUNCT0ONAL REQU0REMENTS% /HESE REQU0REMENTS CAPTURE THE CAPAB0L0T0ES
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–UNCT0ONAL REQU0REMENT ,ES0GN RAT0ONALE
•ONTEXThAWARE GENERAT0ON 1RODUCES EXERC0SES THAT 0NTEGRATE PROGRAMM0NG W0TH

MEAN0NGFUL B0OLOG0CAL CONTEXTS%
1EDAGOG0CAL AL0GNMENT dNSURES GENERATED EXERC0SES MATCH THE SPEC0fiED

LEARN0NG OBiECT0VES: D0ffiCULTY: AND SCAfOLD0NG LEVEL%
rEQUENCE AWARENESS rUPPORTS COHERENT LEARN0NG PROGRESS0ONS ACROSS MULh

T0PLE EXERC0SES%
�UTOMATED QUAL0TY ASSURh
ANCE

,ETECTS AND REfiNES PEDAGOG0CAL: B0OLOG0CAL: AND
TECHN0CAL 0SSUES BEFORE DEPLOYMENT%

1LATFORM COMPAT0B0L0TY dNABLES D0RECT 0NTEGRAT0ON 0NTO THE E/EACHER PLATh
FORM AND EX0ST0NG TEACH0NG WORK5OW%

dXTENS0B0L0TY rUPPORTS FUTURE ADAPTAT0ONS: ADD0T0ONAL DOMA0NS:
AND NEW EXERC0SE FORMATS THROUGH A MODULAR ARCH0h
TECTURE%

6ABLE tp3c !UNCT0ONAL REQU0REMENTS OF THE GENERAT0ON ENG0NE AND THE0R DES0GN RAh
T0ONALE%

REQU0RED TO GENERATE PEDAGOG0CALLY MEAN0NGFUL: TECHN0CALLY CORRECT: AND PRACT0CALLY
USABLE PROGRAMM0NG EXERC0SES% /ABLE t%3 SUMMAR0ZES THE FUNCT0ONAL REQU0REMENTS
TOGETHER W0TH THE DES0GN RAT0ONALE THAT MOT0VATED THE0R 0NCLUS0ON%

t)t)fl dVALUAT0ON D0MENS0ONS AND CR0TER0A FOR GENERATED OUTPUT
/HE OUTPUT FORMAT DESCR0BES WHAT THE GENERAT0ON ENG0NE A0MS TO PRODUCE: WHEREAS
THE EVALUAT0ON CR0TER0A DESCR0BE THE ASPECTS USED TO ASSESS THE GENERATED EXERC0SES%
�LTHOUGH RELATED: THEY SERVE D0fERENT PURPOSESc THE OUTPUT FORMAT GU0DES THE SYSTEM
DES0GN: WH0LE THE EVALUAT0ON CR0TER0A PROV0DE A STRUCTURED FRAMEWORK FOR ASSESS0NG THE
QUAL0TY AND USAB0L0TY OF 0TS OUTPUT%

/HE L0TERATURE REV0EW 0DENT0fiES TECHN0CAL QUAL0TY: PEDAGOG0CAL QUAL0TY: CONTEXTUAL
QUAL0TY: AND USAB0L0TY AS FOUR BROAD EVALUAT0ON D0MENS0ONS% aASED ON THE L0TERATURE
AND THE EXPLORATORY fiND0NGS: THESE D0MENS0ONS ARE FURTHER SPEC0fiED THROUGH CR0TER0A
RELEVANT TO THE TEACH0NG CONTEXT AND SYSTEM EXAM0NED 0N TH0S THES0S% /ABLEt%t GROUPS
THESE CR0TER0A UNDER THE0R CORRESPOND0NG D0MENS0ONS% /OGETHER: THE D0MENS0ONS AND
CR0TER0A PROV0DE A CONS0STENT FRAMEWORK FOR SYSTEM DEVELOPMENT AND EVALUAT0ON%

�LTHOUGH PRESENTED SEPARATELY: THE QUAL0TY D0MENS0ONS AND USAB0L0TY ARE RELATED%
/ECHN0CAL: PEDAGOG0CAL: OR CONTEXTUAL L0M0TAT0ONS CAN REDUCE USAB0L0TY BY 0NCREASh
0NG THE REV0EW AND ADAPTAT0ON REQU0RED BEFORE CLASSROOM USE% >OWEVER: MATER0AL OF
SUffiC0ENT QUAL0TY MAY ST0LL REQU0RE ADAPTAT0ON BECAUSE 0T DOES NOT fiT A PART0CULAR CURh
R0CULUM: LESSON STRUCTURE: OR CLASSROOM CONTEXT% 2SAB0L0TY THEREFORE DEPENDS PARTLY
ON THE QUAL0TY OF THE GENERATED MATER0AL AND PARTLY ON 0TS fiT W0TH THE TEACHER‘S
0NTENDED USE%
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6ABLE tptc dVALUAT0ON FRAMEWORK USED TO ASSESS THE QUAL0TY AND TEACHER USAB0L0TY
OF GENERATED EXERC0SES AND SEQUENCES%

dVALUAT0ON
D0MENS0ON

dVALUAT0ON
CR0TER0ON

–OCUS OF THE EVALUAT0ON

/ECHN0CAL AND
STRUCTURAL QUAL0TY

/ECHN0CAL QUAL0TY •ORRECTNESS: EXECUTAB0L0TY: AND 0NTERNAL CONh
S0STENCY OF THE PROBLEM STATEMENT: TEMPLATE
CODE: MODEL SOLUT0ON: AND TEST CASES%

9UTPUT FORMAT
COMPL0ANCE

1RESENCE OF THE REQU0RED COMPONENTS AND
COMPL0ANCE W0TH THE PRESCR0BED OUTPUT
STRUCTURE%

1EDAGOG0CAL
QUAL0TY

1ROGRAMM0NG
AL0GNMENT

�L0GNMENT W0TH THE 0NTENDED PROGRAMM0NG
CONCEPT: PR0OR KNOWLEDGE: AND DEfiNED SCOPE%

1ROBLEM STATEMENT
QUAL0TY

•LAR0TY: COMPLETENESS: CONC0SENESS: AND UNh
DERSTANDAB0L0TY FOR THE TARGET STUDENTS%

dXERC0SE TYPE fiT •ORRESPONDENCE W0TH THE 0NTENDED EXERC0SE
TYPE AND LEVEL OF SCAfOLD0NG%

rEQUENCE COHERENCE !0T W0TH THE EXERC0SE‘S POS0T0ON 0N THE SEh
QUENCE AND PROGRESS0ON FROM EARL0ER EXERh
C0SES%

rTUDENT GU0DANCE dXTENT TO WH0CH H0NTS: EXAMPLES: AND TEST
FEEDBACK SUPPORT UNDERSTAND0NG AND HELP
STUDENTS 0NTERPRET M0STAKES%

•ONTEXTUAL
QUAL0TY

•ONTEXTUAL QUAL0TY rC0ENT0fiC CORRECTNESS AND RELEVANCE OF THE B0h
OLOG0CAL CONTEXT: AND 0TS MEAN0NGFUL CONNECh
T0ON TO THE PROGRAMM0NG TASK%

/EACHER USAB0L0TY •URR0CULUM AND
CLASSROOM fiT

!0T W0TH THE CURR0CULUM: STUDENTS‘ LEVEL AND
PR0OR KNOWLEDGE: AVA0LABLE TEACH0NG T0ME:
AND THE TEACHER‘S LESSON ORGAN0ZAT0ON AND 0Nh
STRUCT0ONAL APPROACH%

�DAPTAT0ON EfORT �MOUNT OF REV0EW0NG: CORRECT0NG: REORGAN0Zh
0NG: SUPPLEMENT0NG: OR REWR0T0NG REQU0RED
BEFORE THE GENERATED MATER0AL CAN BE USED
0N THE CLASSROOM%
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t)fl 1ROMPT DEVELOPMENT METHODOLOGY

t)fl)o 1ROMPT DES0GN PROCESS

/HE SYSTEM CONTA0NS SEVERAL kk<hBASED COMPONENTS FOR GENERAT0ON: EVALUAT0ON: AND
REfiNEMENT% �LTHOUGH THESE COMPONENTS PERFORM D0fERENT TASKS: THE0R PROMPTS ARE
DEVELOPED US0NG THE SAME GENERAL PROCESS: SHOWN 0N !0GURE t%3%/HE fiGURE 0LLUSTRATES
THE FOURhSTEP LOG0C USED FOR CREAT0NG A COMPLETE PROMPThBASED AGENT AND FOR DEVELh
OP0NG OR MOD0FY0NG AN 0ND0V0DUAL PROMPT SECT0ON% -N BOTH CASES: THE PROCESS BEG0NS
BY DEfiN0NG THE GOAL OF THE COMPONENT% aASED ON TH0S GOAL: THE REQU0RED OUTPUT 0S
SPEC0fiED% /HESE REQU0REMENTS ARE THEN TRANSLATED 0NTO A PROMPT STRUCTURE% !0NALLY:
THE GENERATED OUTPUT 0S EVALUATED AGA0NST THE 0NTENDED GOAL AND REQU0REMENTS: AFTER
WH0CH THE PROMPT 0S REfiNED WHERE NECESSARY%

/H0S APPROACH MA0NLY BU0LDS ON THE PROfiLE AND 0NSTRUCT0ON D0MENS0ON AND THE
41d- FRAMEWORK% /HE PROfiLE AND 0NSTRUCT0ON D0MENS0ON GU0DES THE STRUCTURE OF
THE PROMPT 0TSELF% -T HELPS DEfiNE THE PROfiLE OF THE AGENT: THE 0NTENT OF THE TASK:
AND THE 0NSTRUCT0ONS THAT GU0DE THE OUTPUT% /HE 41d- FRAMEWORK PROV0DES THE
BROADER 0TERAT0VE DES0GN LOG0Cc GOAL DEfiN0NG: PROMPT CONSTRUCT0ON: EVALUAT0ON AND
REfiNEMENT% 9THER PROMPT ENG0NEER0NG FRAMEWORKS AND GU0DEL0NES ARE ALSO RE5ECTED
0N THE PROMPT SECT0ONS% >OWEVER: ONLY SELECTED ELEMENTS FROM THESE APPROACHES ARE
APPL0ED: RATHER THAN THE FULL FRAMEWORKS THEMSELVES% !OR TH0S REASON: THEY ARE NOT
TREATED AS SEPARATE DES0GN FRAMEWORKS 0N TH0S THES0S%

�S PREV0OUSLY STATED: THE SAME DEVELOPMENT PROCESS WAS USED AT TWO LEVELS% �T
THE COMPONENT LEVEL: 0T WAS APPL0ED TO COMPLETE PROMPThBASED COMPONENTS: SUCH
AS GENERAT0ON: EVALUAT0ON: AND REfiNEMENT AGENTS% �T THE SECT0ON LEVEL: 0T WAS USED
TO CREATE OR REV0SE 0ND0V0DUAL PROMPT SECT0ONS THAT SUPPORT A SPEC0fiC PART OF THE
COMPONENT‘S TASK% -N THAT CASE: NO SEPARATE PROfiLE OR 0NTENT 0S DEfiNED: BECAUSE
THESE ARE 0NHER0TED FROM THE LARGER PROMPT 0N WH0CH 0T 0S USED% -NSTEAD: THE SECT0ON
0S DES0GNED TO SUPPORT A SPEC0fiC PART OF THE AGENT‘S TASK% !OR EXAMPLE: A SECT0ON CAN
DEfiNE OUTPUT CONSTRA0NTS OR CONTEXTUAL0ZAT0ON RULES%

/H0S MAKES PROMPT DES0GN MORE SYSTEMAT0C% dACH PROMPT OR PROMPT SECT0ON 0S
L0NKED TO A SPEC0fiC GOAL AND EXPECTED OUTPUT% vHEN EVALUAT0ON REVEALS A RECURR0NG
L0M0TAT0ON: THE CORRESPOND0NG 0NSTRUCT0ON OR SECT0ON 0S ADiUSTED W0THOUT REDES0GN0NG

80G2RE tp3c 1ROMPT DES0GN PROCESS USED FOR CREAT0NG AGENTS AND PROMPT SECT0ONS%
/HE PROCESS STARTS FROM A DEfiNED GOAL: TRANSLATES TH0S GOAL 0NTO OUTPUT REQU0REMENTS
AND PROMPT STRUCTURE: AND USES OUTPUT EVALUAT0ON TO REfiNE THE CORRESPOND0NG PROMPT
OR 0NSTRUCT0ON WHEN NEEDED%
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THE COMPLETE PROMPT% /H0S ALSO MAKES 0T POSS0BLE TO RELATE PROMPT CHANGES D0RECTLY
TO OBSERVED OUTPUT PROBLEMS DUR0NG THE 0TERAT0VE DEVELOPMENT OF THE SYSTEM%

t)fi rYSTEM �RCH0TECTURE

t)fi)o �RCH0TECTURE DEVELOPMENT APPROACH

/HE SYSTEM ARCH0TECTURE WAS DEVELOPED THROUGH THE DES0GNhBASED RESEARCH PROCESS
0NTRODUCED 0N rECT0ON t%o%o% /HE EXERC0SEhGENERAT0ON LAYER SERVED AS THE START0NG
PO0NT% ’ATHER THAN DEfiN0NG THE COMPLETE ARCH0TECTURE 0N ADVANCE: THE SYSTEM WAS
REfiNED THROUGH SUCCESS0VE CYCLES OF GENERAT0ON: EVALUAT0ON: AND REDES0GN%

/HE REQU0REMENTS 0DENT0fiED 0N rECT0ON t%t GU0DED TH0S DEVELOPMENT: BUT THEY
WERE NOT TRANSLATED 0NTO A PREDEfiNED SET OF COMPONENTS AT THE START% -NSTEAD: THEY
WERE 0MPLEMENTED PROGRESS0VELY AS THE DEVELOPMENT PROCESS REVEALED HOW THEY COULD
BE TRANSLATED 0NTO CONCRETE ARCH0TECTURAL COMPONENTS% dACH 0TERAT0ON THEREFORE 0Nh
TRODUCED ADD0T0ONAL COMPONENTS WHERE GREATER CONTROL: STRUCTURE: OR VAL0DAT0ON WAS
REQU0RED%

/HE DEVELOPMENT PROCESS 0NCLUDES QUAL0TAT0VE EVALUAT0ON THROUGHOUT THE D0fERENT
DES0GN 0TERAT0ONS% dACH 0NTERNAL 0TERAT0ON FOLLOWS THE SAME GENERAL CYCLE% !0RST: THE
GENERATED OUTPUT 0S EVALUATED AGA0NST THE REQU0REMENT AND EVALUAT0ON CR0TER0A DEfiNED
0N rECT0ON t%t% ’ECURR0NG SHORTCOM0NGS WERE ANALYZED AND USED TO REV0SE THE ARCH0h
TECTURE 0N THE SUBSEQUENT 0TERAT0ON% 4ENERAT0ON LOGS WERE CONSULTED WHEN NECESSARY
TO DETERM0NE WHERE OBSERVED PROBLEMS OR0G0NATED W0TH0N THE P0PEL0NE% /HE PROCESS
THEREFORE COMB0NES THE 0MPLEMENTAT0ON OF NEW COMPONENTS W0TH REPEATED ASSESSMENT
OF WHETHER THE GENERATED EXERC0SES SAT0SFY EVALUAT0ON CR0TER0A AND REQU0REMENTS%

/WO EXTERNAL REV0EW ROUNDS SUPPLEMENTED TH0S 0NTERNAL FORMAT0VE EVALUAT0ON%
!OR BOTH REV0EWS: THE MATER0AL CONS0STED OF THE fiRST 3o EXERC0SES GENERATED FROM
STRUCTURED 0NPUT DEfiNED BY STUDENTS FROM THE EDUCAT0ONAL MASTER PROiECT GROUP%
/HE EXERC0SES WERE EXPORTED TO <ARKDOWN AND 1,! AND REV0EWED FROM BOTH B0OLOGYh
EDUCAT0ON AND PROGRAMM0NGhEDUCAT0ON PERSPECT0VES% /HE REV0EWERS PROV0DED WR0TTEN
AND ORAL FEEDBACK%

/HE fiRST REV0EW TOOK PLACE AFTER THE 0NTRODUCT0ON OF MODULAR PROMPT CONSTRUCT0ON
AND CONTEXTUAL0ZED GENERAT0ON% -TS fiND0NGS 0NFORMED THE SUBSEQUENT FEEDBACKhBASED
REfiNEMENT 0TERAT0ON% /HE SECOND REV0EW FOLLOWED THE 0NTRODUCT0ON OF DED0CATED TEST
GENERAT0ON% -T 0DENT0fiED REMA0N0NG L0M0TAT0ONS AND 0NFORMED ADiUSTMENTS TO 0ND0V0Dh
UAL EXERC0SES: BUT D0D NOT RESULT 0N ANOTHER ARCH0TECTURAL 0TERAT0ON W0TH0N THE SCOPE
OF TH0S STUDY%

/HE FOLLOW0NG SECT0ONS fiRST DESCR0BE THE 0TERAT0VE DEVELOPMENT OF THE EXERC0SEh
GENERAT0ON LAYER% /HE RECURR0NG STRUCTURE THAT EMERGED FROM THESE 0TERAT0ONS 0S
THEN GENERAL0ZED 0NTO A REUSABLE GENERAT0ON ARCH0TECTURE% !0NALLY: TH0S ARCH0TECTURE 0S
ADAPTED TO CREATE THE SEQUENCEhGENERAT0ON LAYER: WH0CH PRODUCES STRUCTURED EXERC0SES
REQU0REMENTS THAT ARE 0NPUTS FOR THE EXERC0SES GENERAT0ON LAYER% /HESE STRUCTURED
EXERC0SE REQU0REMENTS W0LL ALSO BE CALLED BLUEPR0NTS FROM NOW ON%

tt



tp lATER0ALS AmD METH9DS

t)fi)3 -TERAT0VE DEVELOPMENT OF THE EwERC0SEhGENERAT0ON LAYER
/HE EXERC0SEhGENERAT0ON LAYER TRANSFORMS STRUCTURED REQU0REMENTS 0NTO COMPLETE PROh
GRAMM0NG EXERC0SES% -T WAS DEVELOPED THROUGH S0X SUCCESS0VE 0TERAT0ONS% dACH 0TERh
AT0ON 0NTRODUCED ADD0T0ONAL STRUCTURE: VAL0DAT0ON: OR PLATFORM SUPPORT% /H0S SECT0ON
SUMMAR0ZES THE ARCH0TECTURAL CHANGESs THE OBSERVAT0ONS MOT0VAT0NG THEM ARE D0Sh
CUSSED 0N rECT0ONfl%o

aASEL0NE GENERAT0ON

/HE fiRST VERS0ON USED A S0NGLE PROMPT TO GENERATE A BEG0NNERhLEVEL PROGRAMM0NG
EXERC0SE CONTA0N0NG A PROBLEM STATEMENT: SOLUT0ON: AND TEST CASES% /HE OUTPUT WAS
PRODUCED AS UNSTRUCTURED TEXT AND SERVED AS THE 0N0T0AL BASEL0NE%

rTRUCTURED GENERAT0ON AND EXECUT0ON

/HE SECOND VERS0ON 0NTRODUCED A fiXED Ir9m OUTPUT SCHEMA SO THAT EXERC0SE COMh
PONENTS COULD BE PROCESSED SEPARATELY% � •ODE’UNNER EXECUTED THE MODEL SOLUT0ON
AND GENERATED TESTS: WH0LE EXECUT0ON FA0LURES TR0GGERED AN 0N0T0AL REfiNEMENT STEP%

lODULAR AND CONTEXTUAL0yED GENERAT0ON

/HE STAT0C PROMPT WAS REPLACED BY A PROMPT BU0LDER THAT COMB0NES REUSABLE SECT0ONS
FROM A PROMPT L0BRARY% ’ETR0EVAL COMPONENTS ADDED RELEVANT B0OLOG0CAL 0NFORMAT0ON
AND SELECTED EARL0ER EXERC0SES TO SUPPORT GROUNDED CONTEXTUAL0ZAT0ON AND CONT0NU0TY
BETWEEN EXERC0SES%

–EEDBACKhBASED REfiNEMENT

/HE EXTERNAL FEEDBACK FROM PREV0OUS 0TERAT0ON AND THE EVALUAT0ON CR0TER0A FROM rECh
T0ON t%t WERE TRANSLATED 0NTO TEACHERh AND STUDENThOR0ENTED FEEDBACK PERSPECT0VES%
/HESE PERSPECT0VES EVALUATED ASPECTS THAT COULD NOT BE CHECKED THROUGH EXECUT0ON
ALONE% /HE TEACHER PERSPECT0VE FOCUSES ON THE SC0ENT0fiC AND PEDAGOG0CAL QUAL0TY OF
THE EXERC0SE: WH0LE THE STUDENT PERSPECT0VE FOCUSES ON CLAR0TY: USAB0L0TY: AND THE EXh
PECTED EXPER0ENCE OF THE LEARNER% vHEN REV0S0ON WAS REQU0RED: THE0R FEEDBACK WAS
PASSED TO AN APPLYhFEEDBACK COMPONENT THAT GENERATED A REfiNED EXERC0SE%

,ED0CATED TEST GENERAT0ON

/ESThCASE GENERAT0ON WAS SEPARATED FROM THE MA0N EXERC0SEhGENERAT0ON STEP% � DED0h
CATED COMPONENT GENERATED TESTS FROM THE fiNAL0ZED PROBLEM DESCR0PT0ON AND MODEL
SOLUT0ON: AFTER WH0CH THE TESTS WERE EXECUTED FOR TECHN0CAL VAL0DAT0ON%

E/EACHER TRANSLAT0ON

/HE fiNAL 0TERAT0ON ADDED A PLATFORMhSPEC0fiC TESThGENERAT0ON COMPONENT AND A DETERh
M0N0ST0C MAPPER% /OGETHER: THESE CONVERT THE fiNAL0ZED PLATFORMh0NDEPENDENT Ir9m
EXERC0SE 0NTO THE x�<k STRUCTURE REQU0RED BY E/EACHER%

tfl
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/OGETHER: THESE 0TERAT0ONS TRANSFORMED THE EXERC0SEhGENERAT0ON LAYER FROM A S0NGLE
PROMPT 0NTO A MODULAR P0PEL0NE CONTA0N0NG GENERAT0ON: CONTEXTUAL GROUND0NG: QUALh
0TAT0VE FEEDBACK: TECHN0CAL VAL0DAT0ON: REfiNEMENT: AND PLATFORMhSPEC0fiC FORMATT0NG%

t)fi)t –0NAL EwERC0SEh GENERAT0ON ENG0NE
/HE 0TERAT0ONS DESCR0BED ABOVE RESULTED 0N THE fiNAL EXERC0SEhGENERAT0ON LAYER: WH0CH
TRANSFORMS STRUCTURED REQU0REMENTS 0NTO COMPLETE PROGRAMM0NG EXERC0SES% ’ELEVANT
B0OLOG0CAL 0NFORMAT0ON AND: WHEN APPL0CABLE: SELECTED EARL0ER EXERC0SES ARE fiRST ADDED
TO THE GENERAT0ON CONTEXT% /HE MA0N GENERAT0ON COMPONENT PRODUCES THE EXERC0SE
CONTENT: AFTER WH0CH A DED0CATED COMPONENT GENERATES THE 0NTERNAL TEST SU0TE% /HESE
OUTPUTS ARE COMB0NED 0NTO A STRUCTURED DRAFT%

/HE DRAFT 0S THEN EVALUATED THROUGH FEEDBACK AGENTS: CODE EXECUT0ON: AND DEh
TERM0N0ST0C VAL0DAT0ON% vHEN REV0S0ON 0S REQU0RED: THE RESULT0NG FEEDBACK 0S APPL0ED
BEFORE THE EXERC0SE 0S fiNAL0ZED% /HE PLATFORMh0NDEPENDENT Ir9m OUTPUT 0S STORED 0N
THE EXERC0SE L0BRARY AND CAN LATER BE RETR0EVED WHEN REFERENCED BY ANOTHER EXERC0SE%
!OR DEPLOYMENT 0N E/EACHER: A SEPARATE PLATFORMhSPEC0fiC TESThGENERAT0ON STEP AND
DETERM0N0ST0C MAPPER PRODUCE THE REQU0RED x�<k REPRESENTAT0ON%

�CROSS THESE COMPONENTS: PROMPTS ARE CONSTRUCTED THROUGH THE MODULAR PROMPT
BU0LDER 0NTRODUCED DUR0NG THE 0TERAT0VE DEVELOPMENT% /HE BU0LDER COMB0NES REUSABLE
PROMPT SECT0ONS AND 0NSERTS TASKhSPEC0fiC VALUES FROM THE STRUCTURED 0NPUT: ALLOW0NG
THE SAME PROMPT STRUCTURE TO BE ADAPTED FOR D0fERENT GENERAT0ON AND EVALUAT0ON
TASKS%

/HE fiNAL EXERC0SEhGENERAT0ON LAYER WAS USED TO PRODUCE THE MATER0AL EVALUATED 0N
THE SUBSEQUENT STUD0ES% -TS COMPONENTS ALSO REVEALED A BROADER FUNCT0ONAL STRUCTURE:
WH0CH WAS FORMAL0ZED AS THE GENERAL GENERAT0ON ARCH0TECTURE PRESENTED 0N rECT0ONfl%fl
AND LATER REUSED TO CONSTRUCT THE SEQUENCEhGENERAT0ON LAYER%

t)fi)fl �DAPT0NG THE GENERAL ARCH0TECTURE FOR SEQUENCE GENERAT0ON
/HE SEQUENCEhGENERAT0ON LAYER APPL0ES THE GENERAL FUNCT0ONAL STRUCTURE 0DENT0fiED DURh
0NG THE DEVELOPMENT OF THE EXERC0SEhGENERAT0ON LAYER rECT0ON fl%fl% -NSTEAD OF GENERATh
0NG COMPLETE EXERC0SES D0RECTLY: 0T GENERATES THE EXERC0SE BLUEPR0NT WH0CH 0S REQU0RED
BY THE EXERC0SEhGENERAT0ON LAYER% dACH GENERATED BLUEPR0NT FOLLOWS THE 0NPUT STRUCh
TURE DEfiNED 0N rECT0ON t%t% -T SPEC0fiES THE 0NTENDED PROGRAMM0NG FOCUS: EXERC0SE
TYPE: B0OLOG0CAL CONTEXT: PR0OR KNOWLEDGE: AND OTHER CONSTRA0NTS FOR ONE EXERC0SE 0N
THE SEQUENCE%

aEFORE BLUEPR0NT GENERAT0ON BEG0NS: A SEQUENCEh0N0T0AL0ZAT0ON STEP ENR0CHES THE
0N0T0AL SEQUENCE 0NPUT% -T DETERM0NES THE RELEVANT PROGRAMM0NG SUBTOP0CS: PR0OR
PROGRAMM0NG KNOWLEDGE: CONTEXTUAL D0RECT0ON: AND PROGRESS0ON GU0DANCE FOR THE SEh
QUENCE% -TS OUTPUT 0S ADDED TO THE CONTEXT L0BRARY: FROM WH0CH RELEVANT 0NFORMAT0ON
0S SELECTED AND 0NSERTED 0NTO THE PROMPT DUR0NG BLUEPR0NT GENERAT0ON%

/HE 0ND0V0DUAL BLUEPR0NTS ARE THEN GENERATED SEQUENT0ALLY US0NG TWO GENERAT0ON
COMPONENTS% /HE fiRST COMPONENT GENERATES THE PROGRAMM0NG AND PEDAGOG0CAL ELh
EMENTS OF THE BLUEPR0NT% aASED ON THESE ELEMENTS: A SECOND COMPONENT GENERATES
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THE CORRESPOND0NG CONTEXTUAL ELEMENTS% /HE SEQUENCEh0N0T0AL0ZAT0ON OUTPUT PROV0DES
SHARED GU0DANCE FOR BOTH STAGES: SUPPORT0NG AL0GNMENT BETWEEN THE PROGRAMM0NG
GOALS AND THE B0OLOG0CAL CONTEXT% r0M0LAR TO THE SEPARAT0ON OF TESThCASE GENERAT0ON
0N THE EXERC0SEhGENERAT0ON LAYER: TH0S DECOMPOS0T0ON SEPARATES CONCERNS BETWEEN THE
PROGRAMM0NG AND PEDAGOG0CAL STRUCTURE OF AN EXERC0SE AND 0TS CONTEXTUAL0ZAT0ON%

,UR0NG GENERAT0ON: THE SYSTEM USES A SL0D0NG W0NDOW OF PREV0OUSLY GENERATED
BLUEPR0NTS% /H0S ALLOWS LATER BLUEPR0NTS TO BU0LD ON RECENT EXERC0SES W0THOUT PROV0Dh
0NG THE COMPLETE GENERAT0ON H0STORY% /HE SAME W0NDOW CONSTRA0NS PR0ORhKNOWLEDGE
REFERENCES: S0NCE A BLUEPR0NT CAN ONLY REFER TO EARL0ER EXERC0SES THAT ARE AVA0LABLE
W0TH0N THE CURRENT CONTEXT%

/HE EVALUAT0ON COMPONENTS EVALUATE WHETHER A BLUEPR0NT 0S SU0TABLE FOR DOWNh
STREAM EXERC0SE GENERAT0ON% /HE PR0OR KNOWLEDGE EVALUATOR CHECKS WHETHER THE SEh
LECTED PREV0OUS EXERC0SES ARE A MEAN0NGFUL REFERENCE% /HE CONTEXT EVALUATOR CHECKS
WHETHER THE B0OLOG0CAL CONTEXT SUPPORTS THE PROGRAMM0NG GOAL% /HE PROGRAMM0NG
AND PEDAGOGY EVALUATOR CHECKS WHETHER THE D0ffiCULTY PROGRESS0ON REMA0NS GRADUAL%
,ETERM0N0ST0C EVALUAT0ON COMPONENTS VER0FY THE REQU0RED BLUEPR0NT STRUCTURE: CONTEXT
REFERENCES: AND PR0ORhEXERC0SE 0DENT0fiERS% �FTER REfiNEMENT: THE fiNAL0ZED BLUEPR0NTS
ARE STORED AND PASSED TO THE EXERC0SEhGENERAT0ON LAYER: WHERE THEY SERVE AS GENERAT0ON
0NPUT%

t)7 -NTERNAL SYSTEM EVALUAT0ON pPHASE t(
1HASE t EVALUATES THE 0NTERNAL BEHAV0OR OF THE fiNAL EXERC0SEhGENERAT0ON LAYER THROUGH
THREE COMPLEMENTARY ANALYSES% /HE CONS0STENCY ANALYS0S EXAM0NES HOW THE GENERh
ATED EXERC0SE COMPONENTS VARY WHEN THE SAME TEACHERhDEfiNED OR SYSTEMhGENERATED
0NPUT 0S PROCESSED REPEATEDLY% /HE FEEDBACK ANALYS0S EXAM0NES WHEN THE FEEDBACK
AGENTS REQUEST REfiNEMENT: WH0CH COMPONENTS ARE MOD0fiED: AND HOW THE 0N0T0AL DRAFT
D0fERS FROM THE fiNAL0ZED EXERC0SE% /HE EXECUT0ON ANALYS0S RECORDS THE OUTCOMES OF
THE EXECUT0ON STEP THAT 0S ALREADY PART OF EVERY GENERAT0ON RUN% -T EXAM0NES WHETHER
THE GENERATED TESTS PASS W0TH THE CORRESPOND0NG MODEL SOLUT0ONS: WH0CH ERRORS OCCUR:
AND HOW THE SYSTEM RESPONDS 0NTERNALLY TO THESE OUTCOMES% /OGETHER: THESE ANALYSES
ASSESS THE STAB0L0TY: REfiNEMENT BEHAV0OR: AND TECHN0CAL ROBUSTNESS OF THE GENERAT0ON
P0PEL0NE% /HEY DO NOT D0RECTLY ESTABL0SH THE PEDAGOG0CAL QUAL0TY OR CLASSROOM USh
AB0L0TY OF THE GENERATED MATER0AL: WH0CH ARE EXAM0NED THROUGH THE HUMAN STUD0ES 0N
1HASE fl%

t)7)o dVALUAT0ON SETUP

/HE EVALUAT0ON USES THE fiNAL EXERC0SEhGENERAT0ON WORK5OW DESCR0BED 0N rECT0ONt%fi%t%
/WO 0NPUT TYPES ARE CONS0DEREDc TEACHERhDEfiNED BLUEPR0NTS AND BLUEPR0NTS GENERATED
BY THE SYSTEM% !OR EACH COND0T0ON: fiVE 0NPUT BLUEPR0NTS ARE USED% dACH BLUEPR0NT
0S PROCESSED BY THE EXERC0SES GENERAT0ON LAYER tz T0MES US0NG THE ?GEM0N0hth5ASHh
PREV0EW? MODEL: RESULT0NG 0N ofiz GENERATED EXERC0SES PER COND0T0ON AND tzz GENERATED
EXERC0SES 0N TOTAL% /HE MODEL CONfiGURAT0ON AND GENERAT0ON SETT0NGS ARE KEPT CONSTANT
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ACROSS RUNS SO THAT OBSERVED D0fERENCES MA0NLY RE5ECT VAR0AT0ON 0N THE MODEL OUTPUT
RATHER THAN CHANGES 0N THE EXPER0MENTAL SETUP%

!OR EVERY RUN: THE 0N0T0AL AND fiNAL0ZED EXERC0SE COMPONENTS: FEEDBACKhAGENT VERh
D0CTS: APPL0ED REfiNEMENTS: EXECUT0ON OUTCOMES: AND EXECUT0ON ERRORS ARE RECORDED%
vHEN CODEhRELATED COMPONENTS ARE REfiNED AND EXECUTED AGA0N: BOTH THE 0N0T0AL AND
SUBSEQUENT EXECUT0ON OUTCOMES ARE STORED% /H0S DATA PROV0DES THE SHARED BAS0S FOR
THE CONS0STENCY: FEEDBACKhAGENT: AND EXECUT0ON ANALYSES%

t)7)3 bOMPONENThCOMPAR0SON MEASURES
,0fERENT COMPAR0SON MEASURES ARE USED FOR THE TEXTUAL: CODEhBASED: AND STRUCTURED
COMPONENTS OF THE GENERATED EXERC0SES%

1ROBLEMhDESCR0PT0ON /HE CONS0STENCY OF THE PROBLEM DESCR0PT0ONS 0S EVALUATED
AT TWO LEVELS% !0RST: TEXTUAL S0M0LAR0TY 0S MEASURED US0NG akd2 AND 1YTHON‘S rEh
QUENCE<ATCHER% ak2d MEASURES OVERLAP 0N WORDS AND SHORT WORD SEQUENCES AND
THEREFORE RE5ECTS S0M0LAR0TY 0N LOCAL PHRAS0NG AND TERM0NOLOGY% rEQUENCE<ATCHER
COMPARES THE COMPLETE CHARACTER SEQUENCES AND 0DENT0fiES LONGER MATCH0NG BLOCKS:
PROV0D0NG A BROADER 0ND0CAT0ON OF OVERALL TEXTUAL RESEMBLANCE AND STRUCTURAL REUSE%
2S0NG BOTH METR0CS REDUCES REL0ANCE ON A S0NGLE REPRESENTAT0ON OF TEXTUAL S0M0LARh
0TY AND MAKES 0T POSS0BLE TO D0ST0NGU0SH BETWEEN REPEATED LOCAL PHRAS0NG AND W0DER
S0M0LAR0TY 0N THE STRUCTURE OF THE DESCR0PT0ONS%

rECOND: SEMANT0C S0M0LAR0TY 0S MEASURED US0NG SENTENCE EMBEDD0NGS% dACH PROBh
LEM DESCR0PT0ON 0S CONVERTED 0NTO A VECTOR REPRESENTAT0ON US0NG THE ALLh<0N0k<hk7h
V3 MODEL: AFTER WH0CH COS0NE S0M0LAR0TY 0S CALCULATED BETWEEN PA0RS OF VECTORS% /H0S
MEASURE CAPTURES WHETHER TWO DESCR0PT0ONS EXPRESS A S0M0LAR MEAN0NG EVEN WHEN
THEY USE D0fERENT WORD0NG% /HE ALLh<0N0k<hk7hV3 MODEL WAS SELECTED BECAUSE 0T 0S
A L0GHTWE0GHT MODEL AND 0S COMMONLY USED FOR COS0NEhS0M0LAR0TY COMPAR0SONS% /Oh
GETHER: THE TEXTUAL AND EMBEDD0NGhBASED MEASURES D0ST0NGU0SH BETWEEN CONS0STENCY
0N PHRAS0NG AND CONS0STENCY 0N MEAN0NG%

bODE MEASURES /HE TEMPLATE CODE: MODEL SOLUT0ON: AND GENERATED TEST CASES
ARE COMPARED US0NG •ODEakd2% /HE METR0C COMB0NES NhGRAM OVERLAP: WE0GHTED Nh
GRAM OVERLAP: AND SYNTACT0C S0M0LAR0TY BASED ON THE ABSTRACT SYNTAX TREE% -N TH0S
EVALUAT0ON: THE METR0C USES WE0GHTS OF z%tt FOR NhGRAM MATCH0NG: z%tt FOR WE0GHTED
NhGRAM MATCH0NG: z%tfl FOR SYNTACT0C MATCH0NG% •ODEakd2 0S SELECTED BECAUSE 0T
CAPTURES BOTH TEXTUAL AND STRUCTURAL S0M0LAR0T0ES 0N GENERATED 1YTHON CODE MORE
EfECT0VELY THAN A PURELY TEXThBASED METR0C%

lETADATA MEASURES rTRUCTURED CONCEPT METADATA ARE COMPARED US0NG IACCARD
S0M0LAR0TY% /H0S METR0C EXPRESSES THE OVERLAP BETWEEN TWO SETS OF CONCEPTS AS THE
S0ZE OF THE0R 0NTERSECT0ON D0V0DED BY THE S0ZE OF THE0R UN0ON% � SCORE OF ONE 0ND0CATES
0DENT0CAL CONCEPT SETS: WHEREAS A SCORE OF ZERO 0ND0CATES THAT THE SETS CONTA0N NO
SHARED CONCEPTS%
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t)7)t bONS0STENCY ANALYS0S
!OR EACH 0NPUT BLUEPR0NT: THE tz fiNAL0ZED EXERC0SES ARE COMPARED PA0RW0SE: RESULTh
0NG 0N fltfi UN0QUE COMPAR0SONS% dACH PA0RW0SE COMPAR0SON PRODUCES A S0M0LAR0TY
SCORE FOR THE CORRESPOND0NG EXERC0SE COMPONENT% /HESE SCORES ARE THEN AGGREGATED
PER BLUEPR0NT AND PER 0NPUT COND0T0ON TO PROV0DE AN OVERV0EW OF THE CONS0STENCY OF
TEACHERhDEfiNED AND SYSTEMhGENERATED 0NPUTS% >0GHER SCORES 0ND0CATE THAT REPEATED
GENERAT0ONS PRODUCE MORE S0M0LAR OUTPUTS: WHEREAS LOWER SCORES 0ND0CATE GREATER
VAR0AT0ON%

rPEARMAN RANK CORRELAT0ONS ARE CALCULATED BETWEEN THE 0ND0V0DUAL PA0RW0SE S0Mh
0LAR0TY SCORES OF THE D0fERENT COMPONENTS% /HESE CORRELAT0ONS EXAM0NE WHETHER VAR0h
AT0ON 0N ONE COMPONENT 0S ASSOC0ATED W0TH VAR0AT0ON 0N ANOTHER COMPONENT%

t)7)fl –EEDBACK AND TEST CASE REfiNEMENT BEHAV0OR
/HE FEEDBACK AND EXECUT0ON DATA ARE SUMMAR0ZED PER EXERC0SE BLUEPR0NT TYPE% /HE
ANALYS0S EXAM0NES HOW OFTEN THE FEEDBACK AGENTS REQUEST A REV0S0ON: HOW OFTEN EXECUh
T0ON FA0LS: AND HOW OFTEN REfiNEMENT RESOLVES THESE 5AGGED 0SSUES OR EXECUT0ON FA0LURES%
,RAFT AND fiNAL VERS0ONS ARE COMPARED US0NG THE SAME COMPONENThSPEC0fiC S0M0LAR0TY
MEASURES DESCR0BED ABOVE: AND ARE USED TO DETERM0NE WH0CH EXERC0SE COMPONENTS ARE
CHANGED MOST FREQUENTLY DUR0NG REfiNEMENT%

/O EXAM0NE WHETHER THE REfiNEMENTS ARE NECESSARY AND MEAN0NGFUL: RANDOM SUBh
SETS ARE DRAWN FROM THE EXERC0SES THAT UNDERGO REfiNEMENT% 2P TO fiVE EXERC0SES
PER BLUEPR0NT ARE SELECTED SEPARATELY FOR EACH BLUEPR0NT TYPE% /H0S 0S DONE FOR BOTH
FEEDBACKh AND EXECUT0ONhBASED REfiNEMENT% /H0S RESULTS 0N 3 SUBSETS CONTA0N0NG FEEDh
BACK REfiNEMENT BEHAV0OR AND 3 SUBSETS CONTA0N0NG EXECUT0ONhBASED REfiNEMENT BEh
HAV0OR% -N TOTAL e3 EXERC0SES WERE LOOKED AT% /HE0R 0N0T0AL AND fiNAL VERS0ONS ARE
REV0EWED TO DETERM0NE WHAT PROMPTED THE REfiNEMENT: WHETHER THE 0DENT0fiED 0SSUE
WAS ADDRESSED: AND WHETHER THE CHANGE 0NTRODUCED ANOTHER L0M0TAT0ON%

t)s gUMANhCENTERED EVALUAT0ON pPHASE fl(
1HASE fl EXTENDS THE EVALUAT0ON FROM THE 0NTERNAL BEHAV0OR OF THE GENERAT0ON SYSTEM
TO THE GENERATED MATER0AL AS ASSESSED BY HUMAN PART0C0PANTS% /H0S PHASE EXAM0NES
THE MATER0AL THAT THE SYSTEM CAN PRODUCE THROUGH TWO COMPLEMENTARY STUD0ES% /HE
CLASSROOM STUDY ADDRESSES ’+t BY EXAM0N0NG HOW STUDENTS EXPER0ENCE THE GENERh

80G2RE tptc 4ENERAT0ON WORK5OWS USED FOR THE CLASSROOM STUDY AND THE TEACHER
AND DOMA0NhEXPERT EVALUAT0ON%
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ATED EXERC0SES AND THE0R B0OLOG0CAL CONTEXTS: 0NCLUD0NG THE0R PERCE0VED MOT0VAT0ONAL
0MPACT% /HE TEACHER AND DOMA0NhEXPERT STUDY ADDRESSES ’+3 BY EVALUAT0NG THE QUALh
0TY AND EDUCAT0ONAL USAB0L0TY OF GENERATED EXERC0SE SEQUENCES FROM THE PERSPECT0VES OF
TEACHERS AND DOMA0N EXPERTS% /OGETHER: THE STUD0ES 0DENT0FY STRENGTHS: L0M0TAT0ONS:
AND OPPORTUN0T0ES FOR FURTHER REfiNEMENT%

�S SUMMAR0ZED 0N !0GURE t%t: THE STUD0ES USE D0fERENT GENERAT0ON WORK5OWS% !OR
THE CLASSROOM STUDY: THE EDUCAT0ONAL MASTER PROiECT GROUP MANUALLY DES0GNED THE
EXERC0SE BLUEPR0NTS: WH0CH WERE SUBSEQUENTLY PROCESSED BY THE EXERC0SEhGENERAT0ON
LAYER% !OR THE TEACHER AND DOMA0NhEXPERT STUDY: THE COMPLETE TWOhLAYER PROCESS
WAS USEDc THE SEQUENCEhGENERAT0ON LAYER fiRST GENERATED THE EXERC0SE BLUEPR0NTS: AFTER
WH0CH THE EXERC0SEhGENERAT0ON LAYER GENERATED THE EXERC0SES% 1ART0C0PANTS EVALUATED
ONLY THE RESULT0NG EXERC0SE SEQUENCES: NOT THE 0NTERMED0ATE BLUEPR0NTS OR 0ND0V0DUAL
GENERAT0ON STEPS% /HE0R EVALUAT0ONS THEREFORE CONCERN THE QUAL0TY AND USAB0L0TY OF
THE fiNAL OUTPUT RATHER THAN THE PERFORMANCE OF E0THER LAYER 0N 0SOLAT0ON%

aOTH STUD0ES ARE EXPLORATORY AND 0NVOLVE RELAT0VELY SMALL: CONTEXThSPEC0fiC SAMh
PLES% /HE fiND0NGS ARE THEREFORE 0NTERPRETED AS 0ND0CAT0ONS OF PATTERNS: STRENGTHS:
L0M0TAT0ONS: AND OPPORTUN0T0ES FOR SYSTEM REfiNEMENT RATHER THAN AS CAUSAL EV0DENCE
OR BROADLY GENERAL0ZABLE CONCLUS0ONS ABOUT CLASSROOM EfECT0VENESS%

t)s)o bLASSROOM STUDY
/HE CLASSROOM STUDY 0NCLUDES flt a•rv STUDENTS FROM THREE SCHOOLS% rTUDENTS ARE
RANDOMLY ASS0GNED TO A CONTROL GROUP OF 33 STUDENTS AND A CONTEXTUAL0ZED GROUP OF
3o STUDENTS% /HE CONTROL GROUP COMPLETES DECONTEXTUAL0ZED PROGRAMM0NG EXERC0SES:
WHEREAS THE CONTEXTUAL0ZED GROUP COMPLETES B0OLOG0CALLY CONTEXTUAL0ZED VERS0ONS%

-NTERVENT0ON MATER0AL AND PROCEDURE

/HE 0NTERVENT0ON MATER0AL CONS0STS OF A SEQUENCE OF 3t PROGRAMM0NG EXERC0SES% /HE
EXERC0SES WERE GENERATED US0NG THE EXERC0SES BLUEPR0NTS DES0GNED BY THE PROiECT GROUP
OF THE EDUCAT0ONAL MASTER PROGRAM% �FTER THE GENERAT0ON: THE EDUCAT0ONAL MASTER‘S
STUDENTS MADE SMALL MANUAL ADiUSTMENTS WHERE NEEDED% /HESE ADiUSTMENTS MA0NLY
FOCUS ON 0MPROV0NG CLASSROOM USAB0L0TY% !OR EXAMPLE: EXAMPLES THAT WERE TOO S0M0LAR
TO THE ACTUAL EXERC0SE CONTENT ARE REPLACED% -N SOME CASES: ADD0T0ONAL SCAfOLD0NG 0S
ADDED TO BAS0C PROBLEMhBASED EXERC0SES BECAUSE THE TRANS0T0ON FROM H0GHLY SCAfOLDED
EXERC0SES TO MORE OPEN PROBLEMhBASED EXERC0SES WOULD OTHERW0SE BE TOO LARGE FOR
STUDENTS%

/O COMPARE CONTEXTUAL0ZED AND NONhCONTEXTUAL0ZED MATER0AL: A DEhCONTEXTUAL0ZED
VERS0ON OF THE SAME SEQUENCE 0S CREATED BY HAND% -N TH0S VERS0ON: THE B0OLOG0CAL
CONTEXT 0S REMOVED WH0LE THE PROGRAMM0NG FOCUS REMA0NS AS COMPARABLE AS POSS0BLE%

/HE STUDY 0S CONDUCTED THROUGH THREE SEPARATE ONEhHOUR CLASSROOM SESS0ONS% ,URh
0NG EACH SESS0ON: STUDENTS COMPLETED THE0R ASS0GNED VERS0ON OF THE PROGRAMM0NG
EXERC0SES ON THE E/EACHER PLATFORM% /HE PREh0NTERVENT0ON QUEST0ONNA0RE WAS ADM0Nh
0STERED BEFORE STUDENTS BEGAN THE EXERC0SES: AND THE POSTh0NTERVENT0ON QUEST0ONNA0RE
WAS ADM0N0STERED AFTER THE 0NTERVENT0ON%
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/HE PREh0NTERVENT0ON SURVEY MEASURES THE0R S0TUAT0ONAL MOT0VAT0ON TOWARD ?-NFORMATh
0CAWETENSCHAPPEN? US0NG THE r0TUAT0ONAL <OT0VAT0ON rCALE pr-<r(% -T 0S A VAL0DATED
QUEST0ONNA0RE FOR MEASUR0NG S0TUAT0ONAL MOT0VAT0ON%bofl[ rTUDENTS ANSWER EACH 0TEM
US0NG A SEVENhPO0NT SCALE% /HE QUEST0ONS COVER 0NTR0NS0C MOT0VAT0ON: 0DENT0fiED REGUh
LAT0ON: EXTERNAL REGULAT0ON: AND AMOT0VAT0ON% /HE POSTh0NTERVENT0ON SURVEY REPEATS
THE r-<r 0TEMS TO SUPPORT COMPAR0SON W0TH THE PREh0NTERVENT0ON MEASUREMENT%

rTUDENTS 0N THE CONTEXTUAL0ZED GROUP ANSWER ADD0T0ONAL QUEST0ONS ABOUT THE B0h
OLOG0CAL CONTEXT US0NG A fiVEhPO0NT SCALE% /HESE QUEST0ONS ARE 0NFORMED BY <�r’k:
COGN0T0VEhLOAD THEORY: AND PERCE0VED AUTHENT0C0TY% THESE QUEST0ONS EXAM0NE STUDENTS‘
PERCE0VED EXPER0ENCES ACROSS THE CATEGOR0ES DEfiNED 0N /ABLEt%fl% /HE EXACT QUEST0ONS
ARE 0NCLUDED 0N �PPEND0X a%

,ATA ANALYS0S

/HE ANALYS0S CONS0STS OF TWO PARTS% !0RST: THE COMPARAT0VE MOT0VAT0ON ANALYS0S CONh
DUCTED 0N THE EDUCAT0ONAL MASTER STUDY 0S SUMMAR0ZED% rECOND: THE STUDENTS 0N THE
CONTEXTUAL0ZED GROUP ARE EXAM0NED 0N MORE DETA0L TO 0NVEST0GATE HOW THEY EXPER0h
ENCE THE GENERATED EXERC0SES AND HOW THESE EXPER0ENCES RELATE TO THE0R MOT0VAT0ONAL
OR0ENTAT0ON%

/HE EDUCAT0ONAL MASTER STUDY COMPARES THE CONTEXTUAL0ZED AND CONTROL GROUPS
US0NG <ANN—vH0TNEY 2 TESTS AND EXAM0NES PREh TO POSTh0NTERVENT0ON CHANGES W0TH0N
EACH GROUP US0NG v0LCOXON S0GNEDhRANK TESTS% /H0S ANALYS0S USES AN EXPLORATORY
S0GN0fiCANCE LEVEL OF APLHA–%oz% /HE PRESENT THES0S REPORTS ONLY THE MA0N fiND0NGS
AND REFERS TO THE EDUCAT0ONAL MASTER‘S PAPERb7[ FOR THE COMPLETE STAT0ST0CAL PROCEDURE
AND RESULTS% /HESE fiND0NGS ARE 0NTERPRETED AS POSS0BLE PATTERNS 0N STUDENTS‘ PERCE0VED
MOT0VAT0ON: RATHER THAN AS EV0DENCE OF A CAUSAL MOT0VAT0ONAL EfECT%

/HE ADD0T0ONAL ANALYS0S FOCUSES ON THE 3o STUDENTS 0N THE CONTEXTUAL0ZED GROUP%
/HE0R RESPONSES TO THE fiVEhPO0NT QUEST0ONNA0RE 0TEMS ARE ANALYZED DESCR0PT0VELY US0NG
COUNTS AND PERCENTAGES% /O CONNECT THE ANALYS0S TO THE THEORET0CAL FRAMEWORK PREh
SENTED 0N rECT0ONS3%o AND 3%3: THE 0TEMS ARE ORGAN0ZED 0NTO FOUR EXERC0SEhEXPER0ENCE
CATEGOR0ES: SEE /ABLE t%fl% /HESE CATEGOR0ES ARE USED ONLY TO ORGAN0ZE THE ANALYS0S AND
ARE NOT TREATED AS VAL0DATED SCALES% dACH QUEST0ONNA0RE 0TEM 0S THEREFORE ANALYZED
SEPARATELY%

lOT0VAT0ON AND EXERC0SE EXPER0ENCE /HE PREh AND POSTh0NTERVENT0ON r-<r
SCORES ARE SUMMAR0ZED DESCR0PT0VELY FOR THE CONTEXTUAL0ZED GROUP% rPEARMAN‘S RANK
CORRELAT0ONS ARE USED FOR TWO EXPLORATORY ANALYSES% !0RST: CORRELAT0ONS ARE CALCULATED
BETWEEN THE 0ND0V0DUAL EXERC0SEhEXPER0ENCE QUEST0ONNA0RE 0TEMS TO EXAM0NE HOW D0Fh
FERENT ASPECTS OF STUDENTS‘ PERCEPT0ONS OF THE EXERC0SES RELATE TO EACH OTHER%

rECOND: SELECTED EXERC0SEhEXPER0ENCE 0TEMS ARE RELATED TO 0DENT0fiED REGULAT0ON
US0NG rPEARMAN‘S RANK CORRELAT0ON% -DENT0fiED REGULAT0ON 0S SELECTED BECAUSE 0T RE5ECTS
WHETHER STUDENTS RECOGN0ZE THE VALUE OR 0MPORTANCE OF AN ACT0V0TY AND THEREFORE MOST
D0RECTLY CORRESPONDS TO THE 0NTENDED MOT0VAT0ONAL ROLE OF THE CONTEXTUAL0ZAT0ON% -N

flz
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6ABLE tp5c dXERC0SEhEXPER0ENCE CATEGOR0ES USED TO ORGAN0ZE THE POSTh0NTERVENT0ON
QUEST0ONNA0RE 0TEMS FOR THE CONTEXTUAL0ZED GROUP%

dXERC0SEhEXPER0ENCE
CATEGORY

.UEST0ONNA0RE FOCUS

1ERCE0VED 0NTEREST AND
PREFERENCE

vHETHER THE CONTEXT MAKES THE EXERC0SES MORE 0NTERh
EST0NG AND WHETHER STUDENTS PREFER EXERC0SES W0THOUT
CONTEXT

1ERCE0VED USEFULNESS AND
PURPOSE

vHETHER THE CONTEXT CLAR0fiES THE USEFULNESS OF PROh
GRAMM0NG AND HELPS EXPLA0N WHAT THE PROGRAM
SHOULD DO

!EAS0B0L0TY AND COGN0T0VE
BURDEN

vHETHER THE PROGRAMM0NG LEVEL 0S FEAS0BLE AND
WHETHER STUDENTS EXPER0ENCE UNNECESSARY COMPLEXh
0TY: OVERLOAD: OR FRUSTRAT0ON

2NDERSTANDAB0L0TY OF THE
CONTEXT

vHETHER THE B0OLOG0CAL CONTEXT 0S EASY TO UNDERSTAND

ADD0T0ON TO THE CORRELAT0ONS W0TH POSTh0NTERVENT0ON MOT0VAT0ON: A SECONDARY ANALYS0S
EXAM0NES WHETHER PERCE0VED USEFULNESS 0S ASSOC0ATED W0TH THE CHANGE 0N 0DENT0fiED
REGULAT0ON% /H0S CHANGE 0S CALCULATED BY SUBTRACT0NG THE PREh0NTERVENT0ON SCORE FROM
THE POSTh0NTERVENT0ON SCORE% !OR EACH CORRELAT0ON: rPEARMAN‘S ρ CHANGE: THE NUMBER
OF 0NCLUDED STUDENTS: AND THE EXACT PhVALUE ARE REPORTED%

t)s)3 –0NAL TEACHER AND DOMA0N EwPERT EVALUAT0ON

lATER0ALS AND 1ART0C0PANTS

/HE EVALUAT0ON MATER0AL CONS0STS OF THREE SEQUENCES FOCUS0NG ON VAR0ABLES: COND0h
T0ONALS: AND WH0LE LOOPS% dACH SEQUENCE CONTA0NS fiVE EXERC0SES AND 0NTRODUCES 0TS
RESPECT0VE PROGRAMM0NG CONCEPT% 1ART0C0PANTS RECE0VE THE LEARN0NG GOAL: ASSUMED
PR0OR KNOWLEDGE: AND 0NhSCOPE AND OUThOFhSCOPE CONCEPTS FOR EACH SEQUENCE: ALLOW0NG
THEM TO ASSESS THE MATER0AL 0N RELAT0ON TO 0TS 0NTENDED PURPOSE%

!0VE PART0C0PANTS CONTR0BUTE TO THE EVALUAT0ON% /WO TEACHERS COMPLETE THE TEACHER
QUEST0ONNA0REc ONE 0S PREPAR0NG TO BEG0N WORK0NG AS A TEACHER: WH0LE THE OTHER HAS
FOUR YEARS OF EXPER0ENCE TEACH0NG 0NFORMAT0CS 0N THE fiFTH AND S0XTH YEARS OF SECh
ONDARY EDUCAT0ON% /HE TEACHER W0TH fl YEARS EXPER0ENCES ALSO PART0C0PATES 0N A SEM0h
STRUCTURED FOLLOWhUP 0NTERV0EW%

/WO DOMA0N EXPERTS COMPLETE THE DOMA0NhEXPERT QUEST0ONNA0RE% /HEY BOTH HAVE
TWELVE YEARS OF EXPER0ENCE 0N COMPUTER SC0ENCE AND PROGRAMM0NG AND L0M0TED TO MODh
ERATE EXPER0ENCE EVALUAT0NG BEG0NNER PROGRAMM0NG EXERC0SES% � TH0RD DOMA0N EXPERT:
WHO 0S COMPLET0NG A 1H, 0N COMPUTER SC0ENCE: REV0EWS THE SEQUENCES AND PROV0DES
FEEDBACK BY EMA0L W0THOUT COMPLET0NG THE QUEST0ONNA0RE% +UEST0ONNA0RE RESULTS ARE
THEREFORE BASED ON TWO TEACHERS AND TWO DOMA0N EXPERTS: WH0LE THE 0NTERV0EW AND
EMA0L FEEDBACK PROV0DE SUPPLEMENTARY QUAL0TAT0VE EV0DENCE%
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/HE SAME SEQUENCES ARE ASSESSED THROUGH SEPARATE TEACHER AND DOMA0NhEXPERT QUESh
T0ONNA0RES% aOTH QUEST0ONNA0RES CONTA0N fiVEhPO0NT AGREEMENT 0TEMS: AN ORD0NAL 0TEM
CONCERN0NG THE EXTENT OF REQU0RED ADAPTAT0ON: AND OPENhRESPONSE QUEST0ONS% �Lh
THOUGH THEY OVERLAP 0N THE ASPECTS ASSESSED: THEY EXAM0NE THESE ASPECTS FROM D0Fh
FERENT PERSPECT0VES% /HE TEACHER QUEST0ONNA0RE EMPHAS0ZES STUDENT LEARN0NG AND
CLASSROOM USE: WHEREAS THE DOMA0NhEXPERT QUEST0ONNA0RE PLACES GREATER EMPHAS0S
ON PROGRAMM0NGhRELATED QUAL0TY% rOME EXERC0SE COMPONENTS ARE THEREFORE ASSESSED
FROM BOTH PERSPECT0VES% !OR EXAMPLE: TEACHERS CONS0DER WHETHER A TEMPLATE PROh
V0DES APPROPR0ATE SUPPORT FOR STUDENTS: WHEREAS DOMA0N EXPERTS CONS0DER WHETHER 0T
0S TECHN0CALLY CORRECT%

/HE 0NSTRUMENTS ASSESS SELECTED EVALUAT0ON CR0TER0A W0TH0N THE EVALUAT0ON D0MENh
S0ONS PRESENTED 0N /ABLE t%t% /HE QUEST0ONNA0RE 0TEMS AND 0NTERV0EW PROMPTS TO
THESE D0MENS0ONS AND CR0TER0A 0S PROV0DED 0N �PPEND0X •%

/HE FOLLOWhUP 0NTERV0EW ELABORATES ON THE TEACHER‘S QUEST0ONNA0RE RESPONSES AND
EXAM0NES HOW THE SEQUENCES COULD BE 0NCORPORATED 0NTO TEACHERhLED 0NSTRUCT0ON% /HE
0NTERV0EW PROMPTS SERVE AS A 5EX0BLE GU0DE RATHER THAN BE0NG ASKED VERBAT0M OR 0N
A fiXED ORDER%

+UEST0ONNA0RE RESPONSES ARE SUMMAR0ZED DESCR0PT0VELY US0NG COUNTS AND RESPONSE
D0STR0BUT0ONS% �DAPTAT0ON RAT0NGS ARE RETA0NED 0N THE0R OR0G0NAL ORD0NAL CATEGOR0ES%
9PEN RESPONSES AND 0NTERV0EW NOTES ARE ORGAN0ZED ACCORD0NG TO THE APPL0CABLE EVALh
UAT0ON D0MENS0ONS AND CR0TER0A% /HE EMA0L FEEDBACK 0S TREATED AS SUPPLEMENTARY
QUAL0TAT0VE EV0DENCE AND D0SCUSSED ALONGS0DE THE RELEVANT fiND0NGS 0N THE ’ESULTS AND
,0SCUSS0ON%
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’ESULTS AND D0SCUSS0ON

fl)o –0ND0NGS FROM THE EwPLORATORY STUDY

/HE EXPLORATORY PHASE EXAM0NED THE EDUCAT0ONAL AND TECHN0CAL CONTEXT 0N WH0CH
THE PROGRAMM0NG EXERC0SES WOULD BE USED% -T COMB0NED A SURVEY COMPLETED BY S0X
TEACHERS: THREE SEM0hSTRUCTURED 0NTERV0EWS: AND AN ANALYS0S OF THE E/EACHER PLATFORM
AND 0TS TECHN0CAL DOCUMENTAT0ON% aECAUSE OF THE L0M0TED NUMBER OF PART0C0PANTS: THE
fiND0NGS ARE 0NTERPRETED DESCR0PT0VELY AND ARE USED TO 0DENT0FY RELEVANT DES0GN NEEDS
RATHER THAN TO REPRESENT ALL a•rv SCHOOLS% ,ETA0LED SURVEY AND 0NTERV0EW RESULTS
ARE PROV0DED 0N �PPEND0X ,: WH0LE THE TECHN0CAL E/EACHER STRUCTURE 0S DOCUMENTED
0N �PPEND0X d%

fl)o)o dDUCAT0ONAL CONTEwT AND MATER0AL NEEDS

!0GURE fl%o SUMMAR0ZES SEVERAL KEY fiND0NGS FROM THE SURVEY% /HE SURVEY SHOWED
SOME VAR0AT0ON 0N HOW 0NFORMAT0CS WAS ORGAN0ZED 0N THE PART0C0PAT0NG SCHOOLS% !0VE
OF THE S0X RESPONDENTS REPORTED THAT THE 0NFORMAT0CS LEARN0NG GOALS WERE TAUGHT 0N
A SEPARATE SUBiECT: WH0LE ONE RESPONDENT 0ND0CATED THAT THEY WERE 0NTEGRATED 0NTO
r/d< OR SC0ENCE% 1LATFORM USE ALSO D0fEREDc THREE RESPONDENTS USED E/EACHER:
ONE USED ANOTHER D0G0TAL PLATFORM: AND TWO D0D NOT USE A SPEC0fiC PLATFORM% /HE
0NTERV0EWS PROV0DED FURTHER CONTEXT FOR THESE D0fERENCES% 1ART0C0PANTS 0ND0CATED
THAT THE 0MPLEMENTAT0ON OF 0NFORMAT0CS DEPENDED ON FACTORS SUCH AS THE SCHOOL:
EDUCAT0ONAL NETWORK: STUDY TRACK: TEACHER EXPERT0SE: AVA0LABLE 0NFRASTRUCTURE: AND
NUMBER OF TEACH0NG HOURS%

’ATHER THAN PO0NT0NG TOWARD ONE fiXED 0NSTRUCT0ONAL SETT0NG: THESE fiND0NGS 0ND0h
CATE THAT GENERATED MATER0AL SHOULD REMA0N ADAPTABLE TO D0fERENT CLASSROOM ORGAh
N0ZAT0ONS AND TEACH0NG PRACT0CES% /H0S 0S CONS0STENT W0TH THE L0TERATURE ON TEACHERh
OR0ENTED EDUCAT0ONAL GENERAT0ON: WH0CH EMPHAS0ZES THAT GENERATED MATER0AL NEEDS TO
fiT LOCAL CURR0CULA: STUDENT GROUPS: AND CLASSROOM S0TUAT0ONS RATHER THAN FUNCT0ON AS
UN0VERSALLY APPL0CABLE OUTPUTboz[% !OR THE GENERAT0ON SYSTEM: TH0S SUPPORTS EXPOSh
0NG RELEVANT EDUCAT0ONAL CHO0CES TO THE TEACHER 0NSTEAD OF ASSUM0NG A fiXED LESSON
STRUCTURE%

flt
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/HE SURVEY ALSO SHOWED 0NTEREST 0N ADD0T0ONAL TEACH0NG SUPPORT% !0VE OF THE S0X
RESPONDENTS GAVE THE H0GHEST RAT0NG TO READYhMADE EXERC0SES AS A FORM OF SUPPORT
FOR CONTEXTUAL0ZED 0NFORMAT0CS LESSONS% !OUR GAVE THE H0GHEST RAT0NG TO EXERC0SES
W0TH D0fERENT0AT0ON: WH0LE THE REMA0N0NG TWO SELECTED THE M0DDLE RESPONSE CATEGORY%
/HE 0NTERV0EWS SUPPORTED TH0S fiND0NG% 1ART0C0PANTS DESCR0BED THE PREPARAT0ON OF
SU0TABLE TEACH0NG MATER0AL AS T0MEhCONSUM0NG: PART0CULARLY WHEN EXERC0SES HAD TO BE
DEVELOPED FROM SCRATCH% /HEY EXPRESSED A NEED FOR MATER0AL THAT COULD SERVE AS A
USABLE START0NG PO0NT WH0LE REMA0N0NG ADAPTABLE TO THE LEVEL OF THE STUDENTS: AND THE
TEACHER‘S PREFERRED APPROACH% ’ECURR0NG NEEDS 0NCLUDED CLEAR PROBLEM DESCR0PT0ONS:
MODEL SOLUT0ONS: TEST0NG POSS0B0L0T0ES: D0fERENT0AT0ON: AND SUPPORT FOR TEACHERS W0TH
D0fERENT LEVELS OF PROGRAMM0NG EXPER0ENCE%

/HESE fiND0NGS SUGGEST THAT THE PURPOSE OF THE GENERATOR SHOULD NOT BE TO REMOVE
TEACHERS FROM THE DES0GN PROCESS: BUT TO REDUCE THE AMOUNT OF MATER0AL THEY NEED
TO CREATE FROM SCRATCH WH0LE PRESERV0NG CONTROL OVER 0MPORTANT CHARACTER0ST0CS OF
THE OUTPUT% /H0S D0RECTLY MOT0VATED THE USE OF STRUCTURED 0NPUT PARAMETERS FOR
PROGRAMM0NG FOCUS: PR0OR KNOWLEDGE: EXERC0SE TYPE: ALLOWED CONCEPTS: AND CONTEXTUAL
GU0DANCE: AS DEfiNED 0N rECT0ON t%t

fl)o)3 1ROGRAMM0NG 0NSTRUCT0ON AND CONTEwTUAL0yAT0ON
/HE 0NTERV0EW PART0C0PANTS DESCR0BED 0NTRODUCTORY PROGRAMM0NG 0NSTRUCT0ON AS A
GRADUAL PROCESS 0NVOLV0NG D0fERENT TYPES OF LEARN0NG ACT0V0T0ES% rMALL AND CLEARLY DEh
fiNED EXERC0SES WERE CONS0DERED PART0CULARLY SU0TABLE WHEN STUDENTS fiRST ENCOUNTERED
A PROGRAMM0NG CONCEPT% 9NE DESCR0BED PROGRESS0ON BEGAN W0TH AN EXPLANAT0ON OR
S0MPLE EXAMPLE: FOLLOWED BY iO0NTLY CONSTRUCT0NG A PROGRAM AND ONLY AFTERWARDS MOVh
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0NG TOWARD 0NDEPENDENT WORK% 1ART0C0PANTS ALSO MENT0ONED ACT0V0T0ES SUCH AS: TRAC0NG
CODE: CREAT0NG A 5OWCHART OR ANOTHER FORM OF PREPARATORY ANALYS0S BEFORE COD0NG:
COMPLET0NG PART0ALLY PROV0DED CODE: AND MOD0FY0NG AN EX0ST0NG PROGRAM RATHER THAN
START0NG FROM AN EMPTY fiLE% kARGER PROiECTS AND SYNTHES0S EXERC0SES WERE CONS0DERED
MORE APPROPR0ATE AFTER STUDENTS HAD ACQU0RED SUffiC0ENT FOUNDAT0ONAL KNOWLEDGE%

/HE SURVEY SHOWED A S0M0LAR PREFERENCE FOR GRADUAL PROGRESS0ON% !OR ASS0GNMENTS
THAT BU0LD STEP BY STEP TOWARDS A LARGER WHOLE: fiVE OF THE S0X RESPONDENTS SELECTED
CATEGORY fl OR fi ACROSS EACH OF THE FOUR PROGRAMM0NG AREAS 0NCLUDED 0N THE QUEST0ONh
NA0RE% /HE 0NTERV0EWS ADD0T0ONALLY H0GHL0GHTED D0ffiCULT0ES W0TH COMB0N0NG MULT0PLE
CONCEPTS: TRANSLAT0NG AN ABSTRACT PROBLEM 0NTO PROGRAMM0NG STEPS: DEBUGG0NG: AND
D0fERENCES 0N STUDENTS‘ PR0OR KNOWLEDGE AND PACE%

/HESE OBSERVAT0ONS AL0GN CLOSELY W0TH THE L0TERATURE REV0EWED 0N 3%3: WH0CH EMPHAh
S0ZES GRADUAL PROGRESS0ON: AL0GNMENT W0TH PR0OR KNOWLEDGE: FOCUSED EXERC0SE DES0GN:
AND SCAfOLD0NG THAT 0S REDUCED AS STUDENTS BECOME MORE 0NDEPENDENT% ’ATHER THAN
TREAT0NG THESE PR0NC0PLES AS CHARACTER0ST0CS THAT THE kk< SHOULD 0NFER 0MPL0C0TLY: THE
fiND0NGS THEREFORE SUPPORT REPRESENT0NG THEM EXPL0C0TLY 0N THE GENERAT0ON PROCESS%
/HE SYSTEM SHOULD KNOW WH0CH CONCEPTS STUDENTS ALREADY ENCOUNTERED: WH0CH CONh
CEPTS ARE ALLOWED 0N THE CURRENT EXERC0SE: WHAT TYPE OF EXERC0SE 0S 0NTENDED: AND HOW
MUCH SUPPORT THE EXERC0SE SHOULD PROV0DE%

a0OLOG0CAL AND SC0ENT0fiC CONTEXTUAL0ZAT0ON WAS V0EWED AS POTENT0ALLY VALUABLE BEh
CAUSE 0T COULD MAKE THE APPL0CAT0ON OF PROGRAMM0NG MORE V0S0BLE% � 1ART0C0PANT
REFERRED TO EXAMPLES SUCH AS ,m� SEQUENCES: D0SEASE MODELS: ECOLOG0CAL MODELS:
AND SC0ENT0fiC V0SUAL0ZAT0ONS% /HE OPEN SURVEY RESPONSES 0DENT0fiED SEVERAL COND0h
T0ONS FOR SUCCESSFUL CONTEXTUAL0ZAT0ON% ’ESPONDENTS EMPHAS0ZED CLEAR LEARN0NG OBh
iECT0VES: FAM0L0AR B0OLOG0CAL CONTENT: A MEAN0NGFUL RELAT0ONSH0P BETWEEN B0OLOGY AND
PROGRAMM0NG: FEAS0B0L0TY W0TH0N THE AVA0LABLE LESSON T0ME: AND SUffiC0ENT EXAMPLES
AND SUPPORT%

/HE 0NTERV0EWS S0M0LARLY STRESSED THAT THE B0OLOG0CAL OR SC0ENT0fiC 0NFORMAT0ON
NEEDED TO BE CORRECT AND SHOULD NOT OBSCURE THE PROGRAMM0NG OBiECT0VE% 2NFAM0Lh
0AR TERM0NOLOGY: UNNECESSARY 0NFORMAT0ON: OR SUBSTANT0AL ADD0T0ONAL DOMA0N KNOWLh
EDGE COULD MAKE AN EXERC0SE MORE D0ffiCULT% /H0S CORRESPONDS W0TH THE L0TERATURE
ON CONTEXTUAL0ZAT0ON AND COGN0T0VE LOAD D0SCUSSED 0N rECT0ON 3%3c CONTEXT CAN MAKE
THE PURPOSE OF A TASK MORE V0S0BLE: BUT 0T CAN ALSO BECOME AN ADD0T0ONAL SOURCE
OF D0ffiCULTY WHEN 0T 0S UNFAM0L0AR: EXCESS0VE: OR POORLY CONNECTED TO THE 0NTENDED
PROGRAMM0NG GOAL

!OR THE GENERAT0ON SYSTEM: CONTEXTUAL0ZAT0ON SHOULD THEREFORE NOT BE 0MPLEh
MENTED AS S0MPLY ADD0NG A B0OLOG0CAL THEME TO A PROGRAMM0NG EXERC0SE% /HE CONTEXT
NEEDS TO BE GROUNDED 0N APPROPR0ATE DOMA0N KNOWLEDGE: CONSTRA0NED BY WHAT STUh
DENTS ARE EXPECTED TO UNDERSTAND: AND FUNCT0ONALLY CONNECTED TO THE PROGRAMM0NG
TASK% /HESE fiND0NGS MOT0VATED THE 0NCLUS0ON OF EXPL0C0T CONTEXTUAL GU0DANCE 0N THE
GENERAT0ON 0NPUT: TOGETHER W0TH LATER MECHAN0SMS FOR CONTEXTUAL GROUND0NG AND QUALh
0TAT0VE EVALUAT0ON%

flfi
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fl)o)t /ECHN0CAL CONSTRA0NTS 0DENT0fiED 0N E/EACHER

/HE E/EACHER ANALYS0S SHOWED THAT COURSE MATER0AL FOLLOWS A PREDEfiNED H0ERARCHY 0N
WH0CH MODULES CONTA0N CHAPTERS: CHAPTERS REFER TO SECT0ON fiLES: AND SECT0ONS CONTA0N
ORDERED LEARN0NG ACT0V0T0ES% /HESE ACT0V0T0ES CAN 0NCLUDE EXPLANATORY TEXT: EXAMPLES:
QUEST0ONS: TH0NK0NG ACT0V0T0ES: AND PROGRAMM0NG EXERC0SES% /H0S ALLOWS CONCEPTUAL
EXPLANAT0ON: GU0DED ACT0V0T0ES: AND PROGRAMM0NG PRACT0CE TO BE COMB0NED W0TH0N
ONE LEARN0NG SEQUENCE% >OWEVER: THE GENERAT0ON SYSTEM DEVELOPED 0N TH0S THES0S 0S
L0M0TED TO CODEhBASED PROGRAMM0NG ACT0V0T0ES

/HESE CONSTRA0NTS MEANT THAT THE GENERAT0ON SYSTEM COULD NOT TREAT AN EXERC0SE
AS UNRESTR0CTED GENERATED TEXT% /HE 0ND0V0DUAL EXERC0SE COMPONENTS NEEDED TO REh
MA0N SEPARATELY ACCESS0BLE AND STRUCTURALLY CONS0STENT SO THAT THEY COULD LATER BE
TRANSLATED 0NTO THE REPRESENTAT0ON EXPECTED BY E/EACHER% /H0S D0RECTLY SUPPORTED
THE MOVE TOWARD A STRUCTURED 0NTERMED0ATE REPRESENTAT0ON AND: LATER 0N THE DEVELh
OPMENT PROCESS: A SEPARATE PLATFORMhSPEC0fiC MAPP0NG STEP% ,ETA0LED x�<k fiELDS:
TEST STRUCTURES: AND AN EXAMPLE REPRESENTAT0ON ARE PROV0DED 0N �PPEND0X d%

/OGETHER: THE EXPLORATORY fiND0NGS AND L0TERATURE REV0EW THEREFORE TRANSLATED THE
EDUCAT0ONAL CONTEXT 0NTO THE 0NPUT: OUTPUT: FUNCT0ONAL: AND EVALUAT0ON REQU0REMENTS
DEfiNED 0N rECT0ON t%t% /HE NEXT PHASE EXAM0NES HOW THESE REQU0REMENTS WERE PROh
GRESS0VELY 0MPLEMENTED THROUGH THE 0TERAT0VE DEVELOPMENT OF THE EXERC0SEhGENERAT0ON
LAYER%

fl)3 -TERAT0VE DEVELOPMENT OF THE GENERAT0ON
ARCH0TECTURE

6ABLE 5poc 9VERV0EW OF THE ARCH0TECTURAL 0TERAT0ONS AND THE0R RESULT0NG CAPAB0L0T0ES%

-TERAT0ON lA0N OBSERVED L0Mh
0TAT0ON
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fl)3)o 1URPOSE OF THE 0TERAT0VE ANALYS0S

�S DESCR0BED 0N rECT0ONS t%fi AND t%7%o: THE EXERC0SEhGENERAT0ON LAYER WAS DEVELOPED
THROUGH REPEATED CYCLES OF GENERAT0ON: FORMAT0VE EVALUAT0ON: AND REDES0GN% /HE
GENERATED EXERC0SES WERE ASSESSED US0NG THE REQU0REMENTS AND EVALUAT0ON CR0TER0A
DEfiNED 0N rECT0ON t%t% vHEN AN 0SSUE 0N THE fiNAL OUTPUT COULD NOT BE EXPLA0NED
D0RECTLY: THE GENERAT0ON LOGS WERE CONSULTED TO 0DENT0FY WHERE 0T AROSE 0N THE P0PEL0NE%

/H0S SECT0ON REPORTS THE MA0N OBSERVAT0ONS FROM THESE 0TERAT0ONS AND EXPLA0NS
HOW THEY LED TO CHANGES 0N THE GENERAT0ON ARCH0TECTURE% /ABLE fl%o SUMMAR0ZES THE
MA0N L0M0TAT0ONS 0DENT0fiED DUR0NG EACH 0TERAT0ON: THE CORRESPOND0NG ARCH0TECTURAL
CHANGES: AND THE RESULT0NG CAPAB0L0T0ES% /HE SUBSECT0ONS THAT FOLLOW PROV0DE MORE
DETA0LS PER 0TERAT0ON%

fl)3)3 aASEL0NE AND STAT0C PROMPT

aASEL0NE /HE BASEL0NE 0TERAT0ON EXAM0NED WHETHER A LANGUAGE MODEL COULD GENh
ERATE THE MA0N COMPONENTS OF A BEG0NNERhLEVEL PROGRAMM0NG EXERC0SE FROM L0M0TED
0NSTRUCT0ONS% /HE GENERATED OUTPUT 0NCLUDED A T0TLE: TASK DESCR0PT0ON: SOLUT0ON: TEST
CASES: AND A L0ST OF PROGRAMM0NG CONCEPTS% /H0S SHOWED THAT A S0NGLE PROMPT COULD
PRODUCE A COHERENT AND HUMANhREADABLE EXERC0SE%

>OWEVER: THE BASEL0NE OUTPUT ALSO SHOWS WHY ADD0T0ONAL STRUCTURE 0S NEEDED%
/HE EXERC0SE 0S GENERATED AS FREEhFORM <ARKDOWN: MAK0NG 0T D0ffiCULT TO EXTRACT AND
PROCESS 0TS COMPONENTS AUTOMAT0CALLY% <ORE 0MPORTANTLY: THE MODEL 0NDEPENDENTLY
0NTRODUCED PROGRAMM0NG CONCEPTS BEYOND THE 0NTENDED LEARN0NG GOAL% -N THE BASEL0NE
EXAMPLE: THE EXERC0SE 0S ABOUT LOOPS: BUT 0T ALSO USES 0NPUT HANDL0NG: COND0T0ONAL
STATEMENTS: TYPE CONVERS0ON: EXCEPT0ON HANDL0NG: RANDOMNESS: AND aOOLEAN LOG0C%
/HESE ADD0T0ONS ARE NOT NECESSAR0LY WRONG: BUT 0T WAS NOT WHAT WAS 0NDENTED FOR A
BEG0NNER EXERC0SE%
/HE BASEL0NE ESTABL0SHED THAT D0RECT kkl GENERAT0ON WAS FEAS0BLE:

WH0LE SHOW0NG THE NEED FOR MORE STRUCTURED AND CONTROLLED GENERAT0ON)
�PPEND0X !%o%o

rTAT0C /HE SECOND 0TERAT0ON 0NTRODUCED STRUCTURED Ir9m OUTPUT AND CODE EXECUh
T0ON% /HE 0ND0V0DUAL EXERC0SE COMPONENTS COULD THEREFORE BE EXTRACTED AND PROCESSED
SEPARATELY% /HE GENERATED SOLUT0ON AND TEST CASES COULD ALSO BE EXECUTED: AND AN
EXECUT0ON FA0LURE COULD TR0GGER REfiNEMENT% vHEN THE GENERATED SOLUT0ON FA0LS ONE OR
MORE TEST CASES: THE MODEL 0S PROMPTED TO REV0SE THE EXERC0SE AND SOLUT0ON BASED ON
THE EXECUT0ON FEEDBACK%

bONTR0BUT0ON TO THE ARCH0TECTURE /H0S REPRESENTED AN 0MPORTANT TECHN0CAL 0Mh
PROVEMENTc GENERAT0ON: EXECUT0ON: AND CORRECT0ON COULD BE COMB0NED W0TH0N ONE
P0PEL0NE% -T 0NTRODUCED STRUCTURED OUTPUT AND EXECUT0ONhBASED VAL0DAT0ON AS BAS0C
COMPONENTS OF THE GENERAT0ON P0PEL0NE%
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’EMA0N0NG L0M0TAT0ON rUCCESSFUL EXECUT0ON ONLY SHOWED THAT THE SOLUT0ON AND
TESTS WERE TECHN0CALLY CONS0STENT W0TH EACH OTHER% -T D0D NOT SHOW THAT THE EXERC0SE
0S PEDAGOG0CALLY WELL SCOPED OR THAT THE SOLUT0ON ONLY USES PROGRAMM0NG CONCEPTS
THAT fiT THE 0NTENDED LEARN0NG GOAL% /HE STRUCTURED PROMPT ALSO BECAME 0NCREAS0NGLY
D0ffiCULT TO MA0NTA0N AS MORE REQU0REMENTS WERE 0NTRODUCED% rUPPORT0NG ALLOWED CONh
CEPTS: EXERC0SE TYPES: CONTEXTUAL 0NFORMAT0ON: PR0OR KNOWLEDGE: AND SEQUENCE POS0T0ON
W0TH0N ONE STAT0C PROMPT WOULD MAKE LATER ADAPTAT0ON D0ffiCULT% /H0S MOT0VATED THE
TRANS0T0ON TO MODULAR PROMPT CONSTRUCT0ON% �PPEND0X !%o%3

fl)3)t lODULAR PROMPT CONSTRUCT0ON AND CONTEwTUAL0yED GENERAT0ON
/HE TH0RD 0TERAT0ON SHOWS A GENERAT0ON PROCESS THAT 0S MORE CONTROLLABLE THAN THE
STAT0C PROMPT VERS0ON% /HE GENERATED EXERC0SES FOLLOW THE REQUESTED STRUCTURE MORE
CONS0STENTLY AND ARE EAS0ER TO ADAPT TO D0fERENT 0NPUT CHO0CES% -NSTEAD OF MA0NLY
ASK0NG THE MODEL TO GENERATE AN EXERC0SE ABOUT A BROAD TOP0C: THE SYSTEM CAN NOW
G0VE MORE PREC0SE CONSTRA0NTS ABOUT THE PROGRAMM0NG CONCEPT: THE ALLOWED CONCEPTS:
THE EXERC0SE TYPE: THE B0OLOG0CAL CONTEXT: AND THE RELAT0ON TO EARL0ER EXERC0SES%

/HE 0NSPECTED OUTPUTS SHOWED THAT THESE CONSTRA0NTS HELPED CONTA0N THE CONCEPh
TUAL SCOPE OF THE EXERC0SES% /HEY ALSO ENABLED THE B0OLOG0CAL CONTEXT TO BECOME A
FUNCT0ONAL PART OF THE PROGRAMM0NG TASK% !OR EXAMPLE: L0ST 0NDEX0NG fiTS NATURALLY
W0TH RETR0EV0NG A ,m� BASE FROM A L0ST: AND STR0NGS fiT NATURALLY W0TH ,m� SEQUENCES
AS ORDERED CHARACTER SEQUENCES% -N THESE CASES: THE B0OLOG0CAL CONTEXT G0VES MEAN0NG
TO THE DATA: WH0LE THE PROGRAMM0NG GOAL REMA0NS CENTRAL% �PPEND0X !%3%o

bONT0NU0TY BETWEEN EXERC0SES � SECOND 0MPORTANT RESULT 0S THAT A GENERATED
EXERC0SE COULD REFER TO PREV0OUSLY 0NTRODUCED CONCEPTS OR REUSE A STRUCTURE THAT STUh
DENTS HAD ALREADY ENCOUNTERED% /H0S MADE 0T POSS0BLE TO GENERATE CONNECTED EXERC0SES
RATHER THAN ONLY SEPARATE TASKS PRESENTED 0N A CHOSEN ORDER% /H0S MAKES THE GENERh
ATED MATER0AL MORE THAN A COLLECT0ON OF SEPARATE EXERC0SES PLACED AFTER EACH OTHER%
!OR EXAMPLE: LOOK AT THE EXERC0SE SEQUENCE 0N �PPEND0X !%3%o HERE 0T CAN CLEARLY BE
SEEN THAT EXERC0SES MAKE REFERENCES TO WHAT WAS SEEN BEFORE%

bONTR0BUT0ON TO THE ARCH0TECTURE 1R0ORhKNOWLEDGE 0NPUT G0VES THE GENERAT0ON
ENG0NE A WAY TO REFER BACK TO EARL0ER TASKS: REUSE PREV0OUSLY 0NTRODUCED LOG0C: AND POh
S0T0ON THE NEW EXERC0SE MORE CLEARLY W0TH0N THE LEARN0NG PATH% <ODULAR PROMPT CONh
STRUCT0ON ALLOWED PROGRAMM0NG CONSTRA0NTS: EXERC0SE TYPE: AND OTHER REQU0REMENTS
TO BE 0NCORPORATED THROUGH REUSABLE PROMPT SECT0ONS RATHER THAN ONE 0NCREAS0NGLY
COMPLEX STAT0C PROMPT% /HE RETR0EVAL MECHAN0SM MADE 0T POSS0BLE TO SELECT RELEh
VANT EXTERNAL 0NFORMAT0ON AND 0NTEGRATE 0T 0NTO THE GENERAT0ON CONTEXT WHEN NEEDED:
0NCLUD0NG B0OLOG0CAL DOMA0N KNOWLEDGE AND 0NFORMAT0ON FROM EARL0ER EXERC0SES% /Oh
GETHER: THESE MECHAN0SMS MADE THE GENERAT0ON PROCESS MORE ADAPTABLE AND CONTROLh
LABLE WH0LE ALLOW0NG RELEVANT 0NFORMAT0ON TO BE 0NCORPORATED ONLY WHEN NEEDED%

’EMA0N0NG L0M0TAT0ON FOUND THROUGH THE fiRST EXTERNAL REV0EW ,ESP0TE
THESE 0MPROVEMENTS: THE fiRST EXTERNAL REV0EW 0DENT0fiED RECURR0NG QUAL0TY PROBLEMS%
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rEVERAL COMMENTS CONCERNED B0OLOG0CAL PREC0S0ON AND TERM0NOLOGY% !OR EXAMPLE:
SOME EXERC0SES DESCR0BED ,m� AS BE0NG CONSTRUCTED D0RECTLY FROM NUCLEOBASES RATHER
THAN NUCLEOT0DES CONTA0N0NG NUCLEOBASES% 9THER FORMULAT0ONS: SUCH AS óFOUR 0MPORh
TANT BASES:“ COULD 0NCORRECTLY 0MPLY THAT ADD0T0ONAL ,m� BASES EX0ST%

’EV0EWERS ALSO RECOMMENDED MORE PREC0SE TERM0NOLOGY% !OR EXAMPLE: THE FEEDh
BACK SUGGESTS US0NG óNUCLEOBASES“ 0NSTEAD OF óLETTERS“ WHEN THE B0OLOG0CAL MEAN0NG 0S
0MPORTANT% -T ALSO SUGGESTS REPLAC0NG ó,ROSOPH0LA“ W0TH ó,ROSOPH0LA MELANOGASTER“
OR ó,% MELANOGASTER“ WHEN REFERR0NG TO THE MODEL ORGAN0SM% /HE REV0EW ALSO 0DENh
T0fiED 0SSUES OUTS0DE THE B0OLOG0CAL CONTEXT% 9NE EXAMPLE CONTA0NS AN 0NCORRECT EXh
PECTED OUTPUT 0N A SEQUENCEhCOMPAR0SON EXERC0SE% /HESE fiND0NGS SHOWED THAT 0Mh
PROVED CONTROL OVER GENERAT0ON 0NPUT D0D NOT PROV0DE SUffiC0ENT QUAL0TAT0VE QUAL0TY
CONTROL AFTER GENERAT0ON% /H0S MOT0VATED THE 0NTRODUCT0ON OF FEEDBACKhBASED REh
fiNEMENT% /HE COMPLETE NOTES FROM THE fiRST EXTERNAL REV0EW ARE PROV0DED 0N �Ph
PEND0X !%7%o%

fl)3)fl –EEDBACKhBASED REfiNEMENT

/HE FOURTH 0TERAT0ON NO LONGER TREATS A GENERATED EXERC0SES AS AN OUTPUT THAT ONLY
NEEDS TO BE TECHN0CALLY VAL0D% -NSTEAD: 0T 0S TREATED AS A DRAFT THAT 0S REV0EWED FROM
D0fERENT PERSPECT0VES BEFORE 0T 0S fiNAL0ZED% /HE EXTERNAL FEEDBACK AND THE EVALUAh
T0ON CR0TER0A FROM rECT0ONt%t WERE TRANSLATED 0NTO TEACHERh AND STUDENThOR0ENTED FEEDh
BACK PERSPECT0VES% /HESE PERSPECT0VES EVALUATED ASPECTS THAT COULD NOT BE CHECKED
THROUGH EXECUT0ON ALONE%

/HE FEEDBACKhAGENT LOGS SHOW HOW THE 0MPLEMENTED AGENTS CAN 0DENT0FY SMALL
0SSUES AND CONVERT THEM 0NTO TARGETED REV0S0ON SUGGEST0ONS% /HE LOGS ALSO SHOWS THAT
REfiNEMENT 0S NOT ALWAYS NEEDED:S0NCE SEVERAL GENERATED EXERC0SES PASS THE FEEDBACK
STEP W0THOUT FURTHER CHANGES%

9NE EXAMPLE WHERE REfiNEMENT WAS NEEDED 0S SHOWN 0N APPEND0X!%t%o -N TH0S
CASE: THE FEEDBACK AGENT ASS0GNS ?<�I9’ ’d_-r-9m? BECAUSE THE EXERC0SE STATES
THAT ,m� 0S TRANSLATED TO PROTE0NS AND USES ,m� TR0PLETS W0TH / AS CODONS% /HE
FEEDBACK PO0NTS OUT THAT CODONS BELONG TO M’m�: WHERE 2 0S USED 0NSTEAD OF /%
-T ALSO 5AGS THE FORMULAT0ON ó,m� 0S TRANSLATED“ AS A M0SCONCEPT0ON R0SK: BECAUSE
,m� 0S fiRST TRANSCR0BED TO M’m� AND M’m� 0S THEN TRANSLATED% /H0S EXAMPLE
SHOWS HOW THE FEEDBACK OUTPUT 0S STRUCTUREDc THE AGENT ASS0GNS A SEVER0TY LABEL:
EXPLA0NS THE PROBLEM: AND PROV0DES A REfiNEMENT PROMPT THAT CAN BE USED BY THE
APPLYhFEEDBACK STEP%

mOT EVERY REV0S0ON 0S TH0S SUBSTANT0AL% -N ANOTHER EXERC0SE: THE TEACHER FEEDBACK
AGENT MARKS THE OUTPUT AS A M0NOR REV0S0ON% /HE EXERC0SE CONCERNS MODEL ORGAN0SMS%
/HE PROBLEM STATEMENT MENT0ONS BACTER0A: 50ES: AND M0CE: WH0LE THE L0ST USED 0N THE
CODE ALSO CONTA0NS •% ELEGANS% /HE FEEDBACK PO0NTS OUT THAT •% ELEGANS 0S A WORM AND
0S THEREFORE NOT REPRESENTED 0N THE 0NTRODUCTORY SENTENCE% /HE PROPOSED CORRECT0ON
0S L0M0TED TO ADD0NG óWORMEN“ TO THE L0ST OF EXAMPLES% /H0S DOES NOT AfECT THE PROh
GRAMM0NG TASK: THE SOLUT0ON: OR THE TEST CASES% >OWEVER: 0T 0MPROVES THE CONS0STENCY
BETWEEN THE B0OLOG0CAL EXPLANAT0ON AND THE DATA USED 0N THE EXERC0SE!%t%o%
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/HE STUDENT PERSPECT0VE DETECTS A D0fERENT TYPE OF 0SSUE% -N ONE CASE: THE STUDENT
FEEDBACK AGENT 5AGS THE EXPLANAT0ON THAT A STR0NG CAN BE TREATED AS A óL0ST OF LETTERS“%
/H0S FORMULAT0ON MAY CONFUSE BEG0NNERS BECAUSE A 1YTHON L0ST 0S A SPEC0fiC DATA TYPE%
/HE SUGGESTED REV0S0ON 0S TO EXPLA0N THAT THE PROGRAM GOES THROUGH THE STR0NG óLETTER
BY LETTER“% /H0S KEEPS THE TASK UNCHANGED: BUT MAKES THE EXPLANAT0ON MORE PREC0SE
FOR STUDENTS!%t%o%

bONTR0BUT0ON TO THE ARCH0TECTURE /H0S 0TERAT0ON 0NTRODUCED A D0ST0NCT QUAL0TAh
T0VE EVALUAT0ON AND REfiNEMENT STAGE% 4ENERAT0ON AND EVALUAT0ON THEREFORE BECAME
SEPARATE FUNCT0ONSc THE GENERAT0ON COMPONENT PRODUCED A DRAFT: WH0LE FEEDBACK
AGENTS ASSESSED PROPERT0ES SUCH AS SC0ENT0fiC PREC0S0ON: CLAR0TY: AND CONS0STENCY THAT
COULD NOT BE VER0fiED THROUGH EXECUT0ON ALONE% /HE0R OUTPUT COULD THEN BE PASSED
TO A DED0CATED REfiNEMENT COMPONENT RATHER THAN REQU0R0NG COMPLETE REGENERAT0ON%

’EMA0N0NG L0M0TAT0ON � REMA0N0NG L0M0TAT0ON CONCERNED THE TEST CASES% �Lh
THOUGH THEY COULD EXECUTE SUCCESSFULLY W0TH THE MODEL SOLUT0ON: TH0S D0D NOT GUARh
ANTEE THAT THEY WERE USEFUL FOR EVALUAT0NG STUDENT CODE% -N ONE EXAMPLE: THE TEST
RECREATED THE SOLUT0ON LOG0C 0NTERNALLY AND THEN CHECKED THE RESULT0NG OUTPUT% 9THER
TESTS 0NTRODUCED VAR0ABLES THAT WERE NOT 0NCLUDED 0N THE TASK DESCR0PT0ON OR STARTER
CODE% rUCH TESTS WERE 0NTERNALLY EXECUTABLE BUT 0NSUffiC0ENTLY AL0GNED W0TH THE EXERh
C0SE PRESENTED TO STUDENTS% �PPEND0X !%t%3%

/HESE PROBLEMS SUGGEST THAT TEST GENERAT0ON 0S A SEPARATE DES0GN PROBLEM% /HE
MA0N EXERC0SEhGENERAT0ON PROMPT 0S ALREADY COMPLEX BECAUSE 0T HAS TO GENERATE MANY
D0fERENT EXERC0SES COMPONENTS% /EST CASES REQU0RE A D0fERENT K0ND OF PREC0S0ONc THEY
NEED TO MATCH THE TASK EXACTLY AND REMA0N CONS0STENT W0TH THE MODEL SOLUT0ON: WH0LE
PROV0D0NG MEAN0NGFUL CHECKS OF STUDENT CODE% /H0S MOT0VATES THE NEXT 0TERAT0ON:
WHERE TEST CASES ARE GENERATED 0N A DED0CATED STEP AFTER THE EXERC0SE AND MODEL
SOLUT0ON HAVE ALREADY BEEN CREATED%

fl)3)fi ,ED0CATED TEST GENERAT0ON
-N THE fiFTH 0TERAT0ON: THE EXERC0SE COMPONENTS AND MODEL SOLUT0ON WERE GENERATED
fiRST% � SEPARATE GENERAT0ON STEP SUBSEQUENTLY CREATED TESTS FOR THE ALREADYhDEfiNED
TASK%

�L0GNMENT BETWEEN GENERATED TESTS AND CODE EXECUT0ON �FTER EXAM0N0NG
THE GENERATED TEST CASES: A RECURR0NG PATTERN BECAME V0S0BLE 0N HOW THE MODEL STRUCh
TURED THEM% ’ATHER THAN FORC0NG THE MODEL TO FOLLOW ONE EXACT TEST STRUCTURE: THE
EXECUT0ON ENV0RONMENT WAS ADAPTED TO BETTER SUPPORT THE STRUCTURES THAT WERE GENh
ERATED CONS0STENTLY% /H0S 0MPROVED THE COMPAT0B0L0TY BETWEEN GENERATED TESTS AND
THE CODE RUNNER% �PPEND0X !%fl%o%

/H0S RESULT SHOWS THAT DED0CATED TEST GENERAT0ON CANNOT BE 0MPROVED THROUGH
PROMPT CHANGES ALONE% -T ALSO BENEfiTS FROM ADAPT0NG THE SURROUND0NG EXECUT0ON
ENV0RONMENT% /H0S 0ND0CATES THAT: AT LEAST FOR TESThCASE GENERAT0ON: THE GENERAT0ON
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COMPONENT AND 0TS VAL0DAT0ON ENV0RONMENT SHOULD BE DEVELOPED 0N TANDEM RATHER
THAN AS STANDhALONE PARTS%

bONTR0BUT0ON TO THE ARCH0TECTURE /H0S 0TERAT0ON ESTABL0SHED THAT OUTPUT COMh
PONENTS W0TH SUBSTANT0ALLY D0fERENT REQU0REMENTS CAN BENEfiT FROM SEPARATE GENERAh
T0ON STAGES% /EST GENERAT0ON THEREFORE BECAME 0TS OWN COMPONENT: OPERAT0NG ON AN
ALREADYhDEfiNED EXERC0SE AND MODEL SOLUT0ON% -T ALSO DEMONSTRATED THAT GENERAT0ON
COMPONENTS AND THE TOOLS USED TO VAL0DATE THE0R OUTPUT SHOULD BE DES0GNED TOGETHER
RATHER THAN TREATED 0NDEPENDENTLY%

’EMA0N0NG L0M0TAT0ONS) /HE FOLLOWhUP EXTERNAL REV0EW CONfiRMED THAT THE TESTh
0NG COMPONENT HAD 0MPROVED: BUT ALSO 0DENT0fiED REMA0N0NG 0SSUES 0N THE STUDENTh
FAC0NG EXERC0SE DES0GN% !0RST: REFERENCES SUCH AS ó0N THE PREV0OUS EXERC0SE“ APPEAR TOO
OFTEN% /HESE REFERENCES ARE USEFUL FOR MAK0NG PROGRESS0ON EXPL0C0T: BUT THEY BECOME
REPET0T0VE WHEN THEY ARE USED 0N MANY CONSECUT0VE EXERC0SES%

rECOND: SOME 0NPUThOUTPUT EXAMPLES WERE TOO CLOSE TO THE ACTUAL TASK% �Lh
THOUGH 0NTENDED TO CLAR0FY THE EXPECTED PROGRAM BEHAV0OR: THEY SOMET0MES EXPOSED
THE EXACT TRANSFORMAT0ON OR OPERAT0ON STUDENTS WERE EXPECTED TO 0MPLEMENT% /HE
0NPUT—OUTPUT PA0RS SHOULD THEREFORE DEMONSTRATE THE REQU0RED BEHAV0OR W0THOUT D0h
RECTLY EXPOS0NG THE SOLUT0ON LOG0C%

/H0RD: THE TRANS0T0ON FROM SCAfOLD EXERC0SES TO BAS0C PROBLEMhBASED EXERC0SES 0S
TOO ABRUPT% /HE GENERATED SEQUENCE MOVES FROM STRONGLY GU0DED TASKS TO MORE OPEN
TASKS W0THOUT ENOUGH 0NTERMED0ATE SUPPORT% /H0S 0ND0CATED THAT PROGRESS0ON SHOULD
CONCERN NOT ONLY THE PROGRAMM0NG CONCEPTS BE0NG 0NTRODUCED: BUT ALSO THE GRADUAL
REDUCT0ON OF SCAfOLD0NG AND THE 0NTERACT0ON BETWEEN D0fERENT EXERC0SE TYPES%

/HESE fiND0NGS 0NFORMED EXERC0SEhLEVEL ADiUSTMENTS AND LATER EVALUAT0ON: BUT
D0D NOT LEAD TO ANOTHER SYSTEMhLEVEL DEVELOPMENT 0TERAT0ON W0TH0N THE SCOPE OF THE
STUDY% /HE COMPLETE NOTES FROM THE FOLLOWhUP EXTERNAL REV0EW ARE 0NCLUDED 0N �Ph
PEND0X !%7%3%

fl)3)7 E/EACHER TRANSLAT0ON LAYER
/HE fiNAL 0TERAT0ON ADDRESSED THE TRANSLAT0ON OF THE GENERATED EXERC0SE TO THE E/EACHER
PLATFORM% <OST EXERC0SE COMPONENTS ARE ALREADY AVA0LABLE 0N THE fiNAL0ZED STRUCh
TURED OUTPUT% /HE PROBLEM STATEMENT: TEMPLATE CODE: MODEL SOLUT0ON: AND METADATA
ARE THEREFORE PLACED 0NTO THE CORRECT x�<k fiELDS THROUGH A DETERM0N0ST0C MAPP0NG
FUNCT0ON% /H0S AVO0DS UNNECESSARY REGENERAT0ON OF CONTENT THAT HAS ALREADY PASSED
THROUGH THE EARL0ER GENERAT0ON: VAL0DAT0ON: AND REfiNEMENT STAGES%

/HE TEST CASES FORMED THE MA0N EXCEPT0ON% E/EACHER USES A PLATFORMhSPEC0fiC TEST
STRUCTURE: SO THE TEST BLOCK WAS GENERATED SEPARATELY FROM THE fiNAL0ZED EXERC0SE AND
MODEL SOLUT0ON% /HE fiNAL 0TERAT0ON THEREFORE COMB0NED DETERM0N0ST0C MAPP0NG W0TH
FOCUSED GENERAT0ON FOR THE PART THAT REQU0RED PLATFORMhSPEC0fiC ADAPTAT0ON%

bONTR0BUT0ON TO THE ARCH0TECTURE /H0S 0TERAT0ON ESTABL0SHED A SEPARAT0ON BEh
TWEEN THE PLATFORMh0NDEPENDENT EXERC0SE REPRESENTAT0ON AND THE PLATFORMhSPEC0fiC
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OUTPUT REPRESENTAT0ON% •OMPONENTS THAT COULD BE TRANSFERRED D0RECTLY WERE HANh
DLED DETERM0N0ST0CALLY: WH0LE GENERAT0ON WAS RETA0NED ONLY FOR ELEMENTS REQU0R0NG
PLATFORMhSPEC0fiC TRANSFORMAT0ON% /HE CORE GENERAT0ON PROCESS COULD THEREFORE REh
MA0N 0NDEPENDENT OF THE TARGET PLATFORM: W0TH PLATFORMhSPEC0fiC LOG0C CONfiNED TO
THE fiNAL TRANSLAT0ON STAGE%

/H0S SEPARAT0ON ALSO MAKES ADAPTAT0ON TO OTHER PLATFORMS MORE FEAS0BLE: BECAUSE
MOST OF THE GENERAT0ON P0PEL0NE CAN REMA0N UNCHANGED WH0LE THE fiNAL MAPP0NG AND
PLATFORMhSPEC0fiC COMPONENTS ARE REPLACED% �PPEND0X !%fi 0LLUSTRATES THE RESULT0NG
E/EACHER x�<k REPRESENTAT0ON: A fiGURE V0SUAL0Z0NG THE DETERM0N0ST0C MAPP0NG AND
PLATFORMhSPEC0fiC TEST CASES%

’EMA0N0NG L0M0TAT0ON �LTHOUGH THE PLATFORMhSPEC0fiC TEST CASES COULD BE GENh
ERATED SUCCESSFULLY: THE ASSOC0ATED STUDENT FEEDBACK WAS NOT ALWAYS SUffiC0ENTLY 0Nh
FORMAT0VE% /HE GENERATED TEST NAMES MA0NLY DESCR0BE THE BEHAV0OR BE0NG CHECKED:
SUCH AS WHETHER THE CORRECT CODONS ARE RETURNED OR WHETHER REMA0N0NG LETTERS ARE
0GNORED% �LTHOUGH THESE NAMES ARE UNDERSTANDABLE: THEY PROV0DE L0M0TED D0AGNOST0C
GU0DANCE% /HEY GENERALLY DO NOT 0DENT0FY THE L0KELY SOURCE OF THE ERROR OR D0RECT THE
STUDENT TOWARD A RELEVANT ELEMENT p�PPEND0X !%fi(% /HE 0TERAT0ON THEREFORE ADDRESSES
PLATFORMhSPEC0fiC TEST REPRESENTAT0ON: BUT NOT YET THE GENERAT0ON OF STRONGLY ACT0ONh
ABLE FORMAT0VE FEEDBACK% /H0S SHOWED THAT GENERAT0NG TECHN0CALLY VAL0D PLATFORMh
SPEC0fiC TESTS DOES NOT AUTOMAT0CALLY RESULT 0N PEDAGOG0CALLY USEFUL FEEDBACK% /HE
QUAL0TY OF THE FEEDBACK THEREFORE REMA0NS A SEPARATE ASPECT THAT REQU0RES FURTHER
REfiNEMENT%

fl)3)s –0NAL EwERC0SEhGENERAT0ON LAYER

/OGETHER: THESE 0TERAT0ONS RESULTED 0N THE fiNAL EXERC0SEhGENERAT0ON LAYER DESCR0BED
0N rECT0ON t%fi%t% �CROSS THE DEVELOPMENT PROCESS: THE ARCH0TECTURE EVOLVED FROM A
S0NGLE D0RECT PROMPT 0NTO A STRUCTURED P0PEL0NE CONTA0N0NG A STRUCTURED 0NTERMED0ATE
REPRESENTAT0ON: MODULAR PROMPT CONSTRUCT0ON: CONTEXT RETR0EVAL: SEPARATE GENERAT0ON
COMPONENTS: QUAL0TAT0VE AND TECHN0CAL EVALUAT0ON: TARGETED REfiNEMENT: AND PLATFORMh
SPEC0fiC OUTPUT TRANSLAT0ON%

/HE CONTR0BUT0ONS 0DENT0fiED DUR0NG THESE 0TERAT0ONS FORM THE DES0GN KNOWLEDGE
THAT 0S EXAM0NED FURTHER 0N 1HASE t% /HE FOLLOW0NG SECT0ON THEREFORE EVALUATES THE
0NTERNAL BEHAV0OR OF THE fiNAL EXERC0SEhGENERAT0ON LAYER BEFORE THESE fiND0NGS ARE COMh
B0NED TO DER0VE THE GENERAL GENERAT0ON ARCH0TECTURE%

fl)t -NTERNAL BEHAV0OR OF THE EwERC0SEhGENERAT0ON LAYER
Ph4�)a s(

/HE fiNAL EXERC0SEhGENERAT0ON LAYER WAS EVALUATED BY EXAM0N0NG THE CONS0STENCY OF
REPEATED GENERAT0ONS AND THE BEHAV0OR OF 0TS FEEDBACKh AND EXECUT0ONhBASED REfiNEh
MENT MECHAN0SMS% /HE RESULTS ARE 0NTERPRETED DESCR0PT0VELY AND ARE 0NTENDED TO
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CHARACTER0ZE HOW THE D0fERENT COMPONENTS OF THE P0PEL0NE BEHAVE RATHER THAN TO
ESTABL0SH THE EDUCAT0ONAL QUAL0TY OF THE GENERATED EXERC0SES%

fl)t)o bONS0STENCY OF GENERATED OUTPUTS
/HE CONS0STENCY ANALYS0S COMPARED REPEATED GENERAT0ONS FROM THE SAME TEACHERh
DEfiNED AND SYSTEMhGENERATED BLUEPR0NTS% /HE RESULTS SHOW THAT THE DEGREE AND
TYPE OF VAR0AT0ON D0fER ACROSS EXERC0SE COMPONENTS%

bODE CONS0STENCY /HE MODEL SOLUT0ONS SHOW MODERATE S0M0LAR0TY ACROSS REPEATED
GENERAT0ONS% �VERAGE SOLUT0ON •ODEakd2 WAS z%fl;n FOR SYSTEMhGENERATED BLUEPR0NTS
AND z%tefl FOR TEACHERhDEfiNED BLUEPR0NTS% /EMPLATE •ODEakd2 0S SL0GHTLY LOWER: W0TH
AVERAGES OF z%t;3 AND z%ttn: RESPECT0VELY%

/HE MODEL SOLUT0ON AND TEMPLATE CODE ALSO TENDED TO VARY TOGETHER% /HE CORh
RELAT0ON BETWEEN BOTH COMPONENTS 0S z%fifie FOR GENERATED BLUEPR0NTS AND z%7et FOR
TEACHERhPROV0DED BLUEPR0NTS% /H0S 0S A DES0RABLE PATTERN: BECAUSE THE TEMPLATE CODE
AND THE MODEL SOLUT0ON ARE EXPECTED TO FOLLOW THE SAME PROGRAMM0NG TASK AND
0MPLEMENTAT0ON STRATEGY% rEE �PPEND0X 4

1ROBLEM STATEMENT CONS0STENCY /HE PROBLEM STATEMENTS VARY S0GN0fiCANTLY 0N
WORD0NG% /H0S 0S V0S0BLE 0N THE LOW PROBLEM STATEMENT akd2 SCORESc z%3;n FOR
GENERATED BLUEPR0NTS AND z%3e7 FOR TEACHERhPROV0DED BLUEPR0NTS% >OWEVER: EMBEDD0NG
S0M0LAR0TY 0S H0GH 0N BOTH COND0T0ONS: W0TH AVERAGES OF z%e;3 AND z%e;fi%

/HE COMB0NAT0ON OF RELAT0VELY LOW LEX0CAL OVERLAP AND H0GH SEMANT0C S0M0LAR0TY
SUGGESTS THAT REPEATED GENERAT0ONS OFTEN FORMULATE THE EXERC0SE D0fERENTLY WH0LE PREh
SERV0NG BROADLY S0M0LAR TASK MEAN0NG% /HE RESULT0NG DESCR0PT0ONS ARE THEREFORE NOT
REPRODUCED 0DENT0CALLY: BUT THE UNDERLY0NG STORY: 0NSTRUCT0ONS: AND 0NTENDED TASK
REMA0N COMPARAT0VELY S0M0LAR% rOME VAR0AT0ON OF TH0S K0ND 0S EXPECTED FROM PROBAh
B0L0ST0C kk< GENERAT0ON%

lETADATA CONS0STENCY /HE GENERATED CONCEPT METADATA ALSO SHOWED PART0AL
RATHER THAN COMPLETE OVERLAP ACROSS REPEATED GENERAT0ONS% IACCARD S0M0LAR0TY VARh
0ED BETWEEN aLUEPR0NT: W0TH NE0THER 0NPUT COND0T0ON CONS0STENTLY PRODUC0NG 0DENT0CAL
METADATA% /H0S 0ND0CATES THAT THE SET OF CONCEPTS ASS0GNED TO OTHERW0SE S0M0LAR
EXERC0SES CAN VARY BETWEEN RUNS%

/ESThCASE CONS0STENCY /HE TEST CASES SHOW MUCH LOWER MEASURED CONS0STENCY%
/HE AVERAGE TESThCASE •ODEakd2 0S z%z77 FOR GENERATED BLUEPR0NTS AND z%o3fi FOR
TEACHERhPROV0DED BLUEPR0NTS% /H0S SHOWS THAT THE GENERATED TEST SCR0PTS VARY STRONGLY
ACCORD0NG TO •ODEakd2% >OWEVER: TH0S RESULT SHOULD BE 0NTERPRETED CAREFULLY% /EST
SCR0PTS HAVE A MORE COMPLEX STRUCTURE THAN THE OTHER GENERATED COMPONENTS%

/HE TEST SCR0PTS CONTA0N SEVERAL 0NTERACT0NG ELEMENTS: 0NCLUD0NG EXECUT0ON LOG0C:
VAR0ABLE 0NiECT0ON: OUTPUT CAPTUR0NG: ASSERT0ONS: AND FEEDBACK MESSAGES% rMALL D0fERh
ENCES 0N HOW THESE ELEMENTS ARE FORMULATED CAN STRONGLY AfECT A TOKENhBASED METR0C
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SUCH AS •ODEakd2% /HE CURRENT ANALYS0S 0S CONSEQUENTLY 0NCONCLUS0VE W0TH RESPECT
TO TESThCASE CONS0STENCY% !UTURE WORK SHOULD 0NVEST0GATE A COMPAR0SON METHOD THAT
BETTER CAPTURES THE FUNCT0ONAL OR BEHAV0ORAL EQU0VALENCE OF GENERATED TEST SU0TES%

-NTERPRETAT0ON 9VERALL: REPEATED GENERAT0ON FROM THE SAME BLUEPR0NT DOES NOT
REPRODUCE 0DENT0CAL EXERC0SES: BUT SUBSTANT0AL S0M0LAR0TY REMA0NS 0N SEVERAL COMPOh
NENTS% /H0S 0S CLEAREST FOR THE PROBLEM STATEMENTS: WHERE H0GH SEMANT0C S0M0LAR0TY
0S RETA0NED DESP0TE VAR0AT0ON 0N WORD0NG% /HESE fiND0NGS ARE CONS0STENT W0TH THE
EXPECTED VAR0AB0L0TY OF kk< OUTPUTc THE SAME REQU0REMENTS CAN LEAD TO D0fERENT
REAL0ZAT0ONS OF AN EXERC0SE W0THOUT NECESSAR0LY PRODUC0NG A D0fERENT TASK% mO EQU0Vh
ALENT CONCLUS0ON CAN CURRENTLY BE DRAWN FOR THE TEST CASES: BECAUSE THE METR0C USED
DOES NOT ADEQUATELY CAPTURE THE0R FUNCT0ONAL S0M0LAR0TY%

fl)t)3 –EEDBACKhAGENT REfiNEMENT
�T LEAST ONE FEEDBACKhBASED REfiNEMENT WAS APPL0ED TO eo OF THE ofiz EXERC0SES GENh
ERATED FROM SYSTEMhGENERATED BLUEPR0NTS AND TO fi; OF THE ofiz EXERC0SES GENERATED
FROM TEACHERhDEfiNED BLUEPR0NTS% �N EXERC0SE COULD RECE0VE REV0S0ON REQUESTS FROM
BOTH AGENTS: SO THE AGENT COUNTS ARE NOT MUTUALLY EXCLUS0VE%

/HE H0GHER REV0S0ON FREQUENCY FOR SYSTEMhGENERATED BLUEPR0NTS SHOULD BE 0NTERh
PRETED CAUT0OUSLY% /HE LATER GENERATED BLUEPR0NTS COMB0NED MORE PROGRAMM0NG CONh
CEPTS AND REQU0RED AL0GNMENT BETWEEN A LARGER NUMBER OF EXERC0SE ELEMENTS% aECAUSE
BLUEPR0NT COMPLEX0TY WAS NOT EXPER0MENTALLY CONTROLLED: THE D0fERENCE CANNOT BE ATh
TR0BUTED SOLELY TO WHETHER THE BLUEPR0NT WAS GENERATED OR TEACHERhDEfiNED%

/HE REfiNEMENT STEP AfECTED THE PROBLEM STATEMENT CONS0DERABLY MORE OFTEN THAN
THE MODEL SOLUT0ON% �MONG THE TEACHERhDEfiNED BLUEPR0NTS: THE PROBLEM DESCR0PT0ON
CHANGED 0N flz OF THE fi; REfiNED EXERC0SES: WH0LE THE SOLUT0ON CHANGED 0N ofl% !OR THE
SYSTEMhGENERATED BLUEPR0NTS: THE DESCR0PT0ON CHANGED 0N ;7 OF THE eo REfiNED EXERC0SES
AND THE SOLUT0ON 0N on% ,ETA0LED RESULTS PER BLUEPR0NT AND FEEDBACK PERSPECT0VE ARE
PROV0DED 0N �PPEND0X >%

/HE MANUAL REV0EW SHOWED SEVERAL RECURR0NG CORRECT0ON PATTERNS% /HE REPRESENh
TAT0VE EXAMPLES UNDERLY0NG THESE CATEGOR0ES ARE 0NCLUDED 0N 0N �PPEND0X >%

�L0GNMENT BETWEEN EXERC0SE COMPONENTS � COMMON REfiNEMENT CONCERNED
0NCONS0STENT VALUES ACROSS THE EXERC0SE COMPONENTS% !OR EXAMPLE: ONE GENERATED
EXERC0SE DESCR0BES THE ,m� STR0NG �4/••4: WH0LE THE EXAMPLE USES 4�/•% aECAUSE
THE TEMPLATE USES A HARDhCODED LOOP L0M0T OF 7: TH0S M0SMATCH COULD CONFUSE STUDENTS
AND COULD LEAD TO AN ERROR 0F THE EXAMPLE 0S FOLLOWED L0TERALLY% /HE FEEDBACK AGENTS
CORRECT TH0S BY AL0GN0NG THE EXAMPLE 0NPUT: EXPECTED OUTPUT: AND TEMPLATE AROUND
THE SAME ,m� SEQUENCE%

rC0ENT0fiC PREC0S0ON � SECOND RECURR0NG CATEGORY CONCERNS B0OLOG0CAL TERM0NOLOGY
OR PREC0S0ON: WHERE 0NFORMAL OR 0NACCURATE TERMS WERE REPLACED BY TERM0NOLOGY MORE
APPROPR0ATE TO THE B0OLOG0CAL CONTEXT% /HE TEACHER FEEDBACK AGENT OFTEN CORRECTS
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0NFORMAL OR 0MPREC0SE WORD0NG% !OR EXAMPLE: DESCR0PT0ONS THAT REFER TO ,m� COMh
PONENTS AS GENERAL óLETTERS“ OR óBU0LD0NG BLOCKS“ ARE CHANGED TO MORE PREC0SE TERMS
SUCH AS óBASEN“: óST0KSTOFBASEN“: óNUCLEOT0DEN“: OR ó,m�hSEQUENT0E“%

�L0GNMENT W0TH THE PROV0DED SCAfOLD rEVERAL REfiNEMENTS CORRECTED 0NSTRUCh
T0ONS THAT D0D NOT MATCH WHAT STUDENTS WERE ACTUALLY REQU0RED TO COMPLETE% -N ONE
SYSTEMhGENERATED EXERC0SE: THE 0NSTRUCT0ONS ASKED STUDENTS TO CREATE A WH0LEhLOOP
EVEN THOUGH THE LOOP STRUCTURE WAS ALREADY PROV0DED% /HE REfiNEMENT L0M0TED THE
TASK TO COMPLET0NG THE COND0T0ON AND ACCUMULATOR LOG0C THAT REMA0NED OPEN 0N THE
TEMPLATE

/HE SAME PATTERN APPEARED 0N THE TEACHERhDEfiNED BLUEPR0NT% 9NE EXERC0SE 0Nh
STRUCTED STUDENTS TO USE LENp( EVEN THOUGH LENpDNAhSEQUENCE( WAS ALREADY FULLY
PRESENT 0N THE TEMPLATE% /HE REfiNEMENT REMOVED TH0S CONTRAD0CT0ON SO THAT THE
0NSTRUCT0ONS RE5ECTED THE REMA0N0NG /9,9 TASK

1ROGRAMM0NG CLAR0TY AND VAL0D0TY /HE STUDENT AGENT ALSO DETECTED FORMULAh
T0ONS THAT COULD LEAD TO AN 0NCORRECT PROGRAMM0NG 0NTERPRETAT0ON% !OR EXAMPLE:
óSK0P THREE POS0T0ONS“ WAS REPLACED W0TH ó0NCREASE THE COUNTER BY THREE:“ BECAUSE
THE OR0G0NAL WORD0NG COULD BE 0NTERPRETED AS 0NCREAS0NG THE COUNTER BY FOUR BECAUSE
YOU WANT TO SK0P t ELEMENTS%

-N THE TEACHERhDEfiNED COND0T0ON: ONE TEMPLATE PLACED THE COLON OF A WH0LEhLOOP
AFTER A COMMENT MARKER% /H0S MADE THE TEMPLATE SYNTACT0CALLY 0NVAL0D% ’EfiNEMENT
REPOS0T0ONED THE /9,9 STRUCTURE SO THAT STUDENTS COULD COMPLETE THE COND0T0ON
W0THOUT ACC0DENTALLY REMOV0NG OR COMMENT0NG OUT THE COLON

/HE AGENTS ALSO REPLACED LABELS SUCH AS ó0NPUT“ WHEN THE SEQUENCE WAS ALREADY
STORED 0N A VAR0ABLE: BECAUSE THE TERM COULD 0NCORRECTLY SUGGEST THAT STUDENTS NEEDED
TO CALL 0NPUTp(

-NTERPRETAT0ON /HE REV0EWED REfiNEMENTS SHOW THAT THE FEEDBACK AGENTS MA0NLY
CORRECTED LOCAL BUT EDUCAT0ONALLY RELEVANT PROBLEMS% /HE TEACHER AGENT MOST OFTEN
ADDRESSED TERM0NOLOGY AND CONTEXTUAL PREC0S0ON: WH0LE THE STUDENT AGENT MORE OFTEN
0DENT0fiED AMB0GU0TY: M0SLEAD0NG EXAMPLES: AND M0SMATCHES BETWEEN THE 0NSTRUCT0ONS
AND SCAfOLD% vHEN BOTH AGENTS 0DENT0fiED RELATED 0SSUES: THE MERGED REfiNEMENT
COULD AL0GN SEVERAL COMPONENTS S0MULTANEOUSLY%

/HE fiND0NGS ALSO SHOW WHY EXECUT0ON ALONE 0S 0NSUffiC0ENT FOR EVALUAT0NG GENERh
ATED EXERC0SES% � MODEL SOLUT0ON MAY EXECUTE CORRECTLY EVEN WHEN THE EXAMPLE 0S
0NCONS0STENT: THE B0OLOG0CAL EXPLANAT0ON 0S 0MPREC0SE: OR THE 0NSTRUCT0ONS ASK STUDENTS
TO COMPLETE CODE THAT 0S ALREADY PROV0DED% !EEDBACK AGENTS THEREFORE COMPLEMENT
TECHN0CAL VAL0DAT0ON BY EVALUAT0NG ASPECTS THAT REQU0RE 0NTERPRETAT0ON

fl)t)t dwECUT0ONhBASED REfiNEMENT
dXECUT0ON PROV0DED A SEPARATE CHECK ON THE TECHN0CAL COMPAT0B0L0TY BETWEEN THE
MODEL SOLUT0ON AND THE GENERATED TESTS% !OR EACH GENERATED EXERC0SE: THE MODEL
SOLUT0ON AND 0TS TEST SU0TE WERE EXECUTED TOGETHER% vHEN TH0S COMB0NED EXECUT0ON
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FA0LED: THE SYSTEM ATTEMPTED TO REfiNE THE SOLUT0ON: THE TEST CASES: OR BOTH% /ABLE qq
SUMMAR0ZES THE 0N0T0AL EXECUT0ON RESULTS AND THE OUTCOME AFTER REfiNEMENT% !URTHER
EXECUT0ON AND REfiNEMENT METR0CS ARE PROV0DED 0N �PPEND0X -%o%

!OR THE SYSTEMhGENERATED BLUEPR0NTS: nfl OF ofiz RUNS PASSED THE 0N0T0AL EXECUT0ON%
’EfiNEMENT RESOLVED 3fl OF THE fi7 0N0T0ALLY FA0L0NG RUNS: RESULT0NG 0N A fiNAL PASS RATE
OF ooe OF ofiz% !OR THE TEACHERhDEfiNED BLUEPR0NTS: o3; OF ofiz RUNS PASSED 0N0T0ALLY:
AND oe OF THE 3t FA0L0NG RUNS PASSED AFTER REfiNEMENT: RESULT0NG 0N A fiNAL PASS RATE
OF oflfi OF ofiz%

/HE QUAL0TAT0VE REV0EW OF REfiNED EXECUT0ONS 0NCLUDED 3fl SYSTEMhGENERATED AND
o; TEACHERhDEfiNED CASES% •HANGES OCCURRED MA0NLY 0N THE TEST CASES: WH0LE CHANGES
TO MODEL SOLUT0ONS WERE LESS FREQUENT AND GENERALLY LOCAL% rOLUT0ON CHANGES 0NCLUDED
ADD0NG A M0SS0NG VAR0ABLE: ADAPT0NG A LOOP COND0T0ON: OR REMOV0NG A HARDhCODED
VALUE% •HANGES TO TEST CASES WERE OFTEN BROADER BECAUSE THE EXECUT0ON OR VER0fiCAT0ON
LOG0C 0TSELF HAD TO BE ADAPTED%

/WO D0fERENT OUTCOMES WERE OBSERVED AFTER TEST REfiNEMENT% -N SEVERAL CASES: THE
OR0G0NAL TEST0NG OBiECT0VE WAS PRESERVED WH0LE AN EXECUT0ON PROBLEM WAS CORRECTED%
dXAMPLES 0NCLUDED ADAPT0NG THE TEST TO THE EXECUT0ON ENV0RONMENT: CORRECT0NG AN
EXPECTED VALUE: OR ENSUR0NG THAT ALTERNAT0VE TEST VALUES WERE ACTUALLY USEDpSEE �Ph
PEND0X -%3%o(% -N OTHER CASES: THE TEST PASSED BECAUSE PART OF THE OR0G0NAL VER0fiCAT0ON
WAS REMOVED OR REPLACED BY A S0MPLER TEST CASE% !OR EXAMPLE: ONE REfiNEMENT REh
MOVED THE VAL0DAT0ON OF THE PROGRAM‘S PR0NTED OUTPUT AND RETA0NED ONLY A CHECK OF
THE fiNAL VAR0ABLE VALUE% /HE REV0SED TEST COULD THEREFORE EXECUTE SUCCESSFULLY W0THOUT
VER0FY0NG WHETHER THE STUDENT HAD PRODUCED THE REQU0RED OUTPUT% �PPEND0X -%3%t:
-%3%3: -%3%fl

’EMA0N0NG FA0LURE PATTERNS /HE REV0EWED FA0LURES SHOWED RECURR0NG PROBLEMS
0NVOLV0NG M0SMATCHES W0TH THE EXECUT0ON ENV0RONMENT: M0SMATCHES BETWEEN THE ASh
SUMPT0ONS OF THE TESTS AND THE STRUCTURE OF THE MODEL SOLUT0ON: ERRORS W0TH0N THE
GENERATED TESTS THEMSELVES: AND CASES WHERE REfiNEMENT WEAKENED THE OR0G0NAL TEST%
/HESE PATTERNS ARE SUMMAR0ZED 0N /ABLE fl%3%

fl)t)fl -NTERPRETAT0ON OF –EEDBACK AND EwECUT0ON BEHAV0OR RESULTS

/HE FEEDBACK AND EXECUT0ON ANALYSES SHOW THAT THE TWO EVALUAT0ON MECHAN0SMS ADh
DRESS D0fERENT TYPES OF PROBLEMS 0N THE GENERATED EXERC0SES% dXECUT0ON CAN D0RECTLY
0DENT0FY TECHN0CAL 0NCOMPAT0B0L0T0ES BETWEEN THE MODEL SOLUT0ON: TEST SU0TE: AND EXECUh
T0ON ENV0RONMENT% -T CANNOT: HOWEVER: 0DENT0FY PROBLEMS SUCH AS 0MPREC0SE B0OLOG0CAL
TERM0NOLOGY: AMB0GUOUS 0NSTRUCT0ONS: OR A M0SMATCH BETWEEN THE PROBLEM STATEMENT
AND THE PROV0DED SCAfOLD% /HESE WERE 0NSTEAD RECURR0NG TARGETS OF THE kk<hBASED
FEEDBACK AGENTS%

/HE RESULTS THEREFORE SUPPORT THE SEPARAT0ON BETWEEN 0NTERPRET0VE AND D0RECTLY
VER0fiABLE EVALUAT0ON W0TH0N THE GENERAT0ON ARCH0TECTURE% /H0S CORRESPONDS TO THE
D0ST0NCT0ON MADE 0N rECT0ON 3%t%fl: WHERE TOOLhBASED VAL0DAT0ON 0S PROPOSED FOR PROPh
ERT0ES THAT CAN BE CHECKED THROUGH EXECUT0ON OR DETERM0N0ST0C PROCEDURES: WH0LE

fi7



fl%fl% 4ENERAL GENERAT0ON ARCH0TECTURE p1HASE t(

6ABLE 5p3c 9BSERVED FA0LURE PATTERNS 0N REfiNED EXECUT0ONS%

1ROBLEM vHAT HAPPENED vHY 0T MATTERS
dXECUT0ONh
ENV0RONMENT M0Sh
MATCH

/HE TEST CASE EXPECTED ACCESS TO OUTh
PUT: CODE: OR VAR0ABLES THAT THE ENV0h
RONMENT D0D NOT PROV0DE%

� CORRECT SOLUT0ON
MAY FA0L%

/EST—SOLUT0ON M0Sh
MATCH

/EST CASES EXPECT A D0fERENT STRUCTURE
FOR THE MODEL SOLUT0ON%

1REVENTS SOME
TESTS FROM ACTUh
ALLY EXECUT0NG%

dRROR 0N THE TEST CASE /HE TEST CASE USED A WRONG EXPECTED
VALUE: A M0SS0NG VAR0ABLE: OR 0NVAL0D
CODE%

� CORRECT SOLUT0ON
COULD BE MARKED
AS WRONG%

’EfiNEMENT WEAKENED
THE TEST CASE

’EfiNEMENT REMOVES OR BYPASSES PART
OF THE TEST%

/HE TEST PASSES
WH0LE CHECK0NG
LESS%

kk<hBASED EVALUATORS ARE USED FOR PROPERT0ES THAT REQU0RE CONTEXTUAL OR PEDAGOGh
0CAL 0NTERPRETAT0ON% /HE OBSERVED REfiNEMENTS SHOW THAT BOTH MECHAN0SMS 0DENT0FY
0SSUES THAT WOULD REMA0N UNDETECTED 0F ONLY THE OTHER MECHAN0SM WERE USED%

�T THE SAME T0ME: THE EXECUT0ON ANALYS0S ALSO DEMONSTRATES A L0M0TAT0ON OF AUh
TOMAT0C REfiNEMENT% ’ESOLV0NG AN EXECUT0ON FA0LURE DOES NOT NECESSAR0LY MEAN THAT
THE RESULT0NG TEST 0S BETTERc 0N SOME REV0EWED CASES: REfiNEMENT PRODUCED A PASS0NG
TEST BY WEAKEN0NG THE OR0G0NAL VER0fiCAT0ON% 9NE POSS0BLE 0MPROVEMENT 0S TO PROV0DE
THE TESThGENERAT0ON AGENT W0TH CLEARER 0NFORMAT0ON ABOUT THE EXECUT0ON ENV0RONMENT
AND W0TH CONCEPThSPEC0fiC TEST0NG GU0DANCE THAT DEfiNES THE 0NTENDED BEHAV0OR AND
COMMON STUDENT M0STAKES% /HE REfiNEMENT AGENT COULD ALSO RECE0VE CLEARER 0NSTRUCh
T0ONS TO PRESERVE THESE TEST0NG OBiECT0VES WH0LE RESOLV0NG EXECUT0ON ERRORS% aUT TH0S
SHOULD BE EXPLORED MORE 0N THE FUTURE% <ORE BROADLY: kk<hBASED TESThCASE GENERAh
T0ON REMA0NS AN ACT0VE RESEARCH AREA W0TH RECURR0NG CHALLENGES RELATED TO CORRECTNESS:
EXECUTAB0L0TY: COVERAGE: AND REL0AB0L0TYb3[% /HE DES0GN AND EVALUAT0ON OF TH0S COMPOh
NENT SHOULD THEREFORE BE EXPLORED FURTHER 0N FUTURE WORK%

fl)fl 4ENERAL GENERAT0ON ARCH0TECTURE Ph4�)a s(

/HE DEVELOPMENT OF THE EXERC0SEhGENERAT0ON LAYER RESULTED 0N THE GENERAL GENERAT0ON
ARCH0TECTURE SHOWN 0N !0GURE fl%3/HE ARCH0TECTURE DESCR0BES A REUSABLE STRUCTURE FOR
CONTROLLED kk<hBASED GENERAT0ON% -T SEPARATES 0NPUT PREPARAT0ON: CONTEXT SELECT0ON:
GENERAT0ON: EVALUAT0ON: REfiNEMENT: AND OUTPUT STORAGE 0NTO D0ST0NCT COMPONENTS%
/HE EXACT 0MPLEMENTAT0ON OF THESE COMPONENTS CAN VARY ACCORD0NG TO THE GENERAT0ON
TASK%

/HE ARCH0TECTURE STARTS FROM A STRUCTURED 0NPUT: SUCH AS THE 0NPUT SCHEMA DEfiNED
0N rECT0ON t%t FOR EXERC0SE GENERAT0ON% aEFORE GENERAT0ON: TH0S 0NPUT CAN BE ENR0CHED
W0TH 0NFORMAT0ON SELECTED FROM A CONTEXT L0BRARY% /HE CONTEXT COMPONENT DETERM0NES
WH0CH EXTERNAL KNOWLEDGE OR PREV0OUSLY GENERATED OUTPUTS ARE RELEVANT TO THE CURRENT
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TASK AND ADDS THEM TO THE GENERAT0ON 0NPUT% /H0S ALLOWS THE GENERATOR TO USE
DOMA0N 0NFORMAT0ON AND EARL0ER OUTPUTS W0THOUT PLAC0NG ALL AVA0LABLE CONTEXT 0N
EVERY PROMPT%

4ENERAT0ON COMPONENTS /HE PREPARED 0NPUT 0S PROCESSED BY ONE OR MORE GENh
ERAT0ON COMPONENTS% � TASK CAN USE A S0NGLE GENERAT0ON STEP WHEN 0TS OUTPUT CAN BE
PRODUCED COHERENTLY W0TH0N ONE CALL% �DD0T0ONAL COMPONENTS CAN BE 0NTRODUCED WHEN
PARTS OF THE OUTPUT REQU0RE D0fERENT 0NSTRUCT0ONS: 0NPUT 0NFORMAT0ON: OR VAL0DAT0ON%

/HE SEPARAT0ON OF TESThCASE GENERAT0ON 0N rECT0ON fl%t%t 0LLUSTRATES TH0S PR0NC0PLE%
/ESTS REQU0RE A D0fERENT FOCUS FROM THE MA0N EXERC0SE CONTENT AND DEPEND ON AN
ALREADY DEfiNED TASK AND SOLUT0ON% /HE GENERAL ARCH0TECTURE THEREFORE SUPPORTS A
VAR0ABLE NUMBER OF GENERAT0ON COMPONENTS RATHER THAN PRESCR0B0NG ONE fiXED P0PEL0NE%

/HE COMPONENTS PRODUCE A STRUCTURED DRAFT% /H0S DRAFT COMB0NES THE GENERATED
ART0FACTS 0N AN 0NTERMED0ATE REPRESENTAT0ON AND FORMS THE BOUNDARY BETWEEN GENh
ERAT0ON AND QUAL0TY CONTROL% /HE OUTPUT 0S NOT CONS0DERED fiNAL 0MMED0ATELY: BUT
REMA0NS AVA0LABLE FOR EVALUAT0ON AND TARGETED MOD0fiCAT0ON%

dVALUAT0ON COMPONENTS /HE DRAFT 0S ASSESSED BY ONE OR MORE EVALUAT0ON COMh
PONENTS% /HESE COMPONENTS ARE DEfiNED ACCORD0NG TO THE PROPERT0ES THAT NEED TO BE
EVALUATED AND ARE THEREFORE NOT L0M0TED TO THE FEEDBACK AGENTS USED 0N THE EXERC0SEh
GENERAT0ON LAYER%

rOME PROPERT0ES CAN BE CHECKED THROUGH DETERM0N0ST0C PROCEDURES OR EXTERNAL
TOOLS% 9THERS REQU0RE AN 0NTERPRET0VE ASSESSMENT BY AN kk<hBASED EVALUATOR% /HE
ARCH0TECTURE ALLOWS THESE MECHAN0SMS TO BE COMB0NED WH0LE KEEP0NG THE0R RESPONS0h
B0L0T0ES SEPARATE%

/HE RESULTS 0N rECT0ONS fl%t%3 AND fl%t%t SHOW THE 0MPORTANCE OF TH0S D0ST0NCT0ON%
•ODE EXECUT0ON DETECTS TECHN0CAL 0NCOMPAT0B0L0T0ES BUT CANNOT DETERM0NE WHETHER
TERM0NOLOGY 0S PREC0SE OR WHETHER THE 0NSTRUCT0ONS MATCH THE PROV0DED SCAfOLD% •ONh
VERSELY: AN kk<hBASED EVALUATOR CAN 0DENT0FY SUCH QUAL0TAT0VE 0SSUES BUT 0S LESS REL0h
ABLE FOR PROPERT0ES THAT CAN BE VER0fiED D0RECTLY THROUGH EXECUT0ON% /HE ARCH0TECTURE
THEREFORE ASS0GNS D0fERENT EVALUAT0ON PROPERT0ES TO SU0TABLE EVALUAT0ON MECHAN0SMS%

’EfiNEMENT AND fiNAL0yAT0ON vHEN AN EVALUAT0ON COMPONENT 0DENT0fiES AN 0SSUE:
0TS OUTPUT 0S PASSED TO THE REfiNEMENT COMPONENT% ’EfiNEMENT MOD0fiES THE EX0ST0NG
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DRAFT BASED ON THE 0DENT0fiED PROBLEMS RATHER THAN RESTART0NG THE COMPLETE GENERh
AT0ON PROCESS% /H0S PRESERVES SU0TABLE PARTS OF THE OUTPUT WH0LE ALLOW0NG SPEC0fiC
COMPONENTS TO BE CORRECTED%

-N THE 0MPLEMENTED ARCH0TECTURE: EVALUAT0ON AND REfiNEMENT ARE PERFORMED ONCE%
/HE REfiNED RESULT 0S SUBSEQUENTLY ACCEPTED AS THE fiNAL OUTPUT% ,UR0NG DEVELOPMENT:
TH0S APPROACH PRODUCED ACCEPTABLE RESULTS FOR THE REV0EWED TEACHERhDEfiNED EXERC0SES:
AND AN ADD0T0ONAL EVALUAT0ON PASS WAS NOT CONS0DERED NECESSARY% � S0NGLE PASS ALSO
L0M0TS TOKEN CONSUMPT0ON AND EXECUT0ON T0ME%

/HE BROADER REPEATEDhRUN EVALUAT0ON NEVERTHELESS EXPOSED CASES 0N WH0CH TEST REh
fiNEMENT RESOLVED AN EXECUT0ON FA0LURE BY WEAKEN0NG PART OF THE OR0G0NAL VER0fiCAT0ON%
/H0S SUGGESTS THAT FUTURE VERS0ONS SHOULD 0NVEST0GATE AN 0TERAT0VE REfiNEMENT LOOP 0N
WH0CH REV0SED OUTPUT CAN BE EVALUATED AGA0N% rUCH A LOOP 0S ONE POSS0BLE 0MPROVEh
MENT ALONGS0DE STRONGER TESThGENERAT0ON CONSTRA0NTS: CLEARER EXECUT0ONhENV0RONMENT
0NFORMAT0ON: AND MORE EXPL0C0T REfiNEMENT 0NSTRUCT0ONS% -TS ADD0T0ONAL QUAL0TY BENh
EfiT WOULD NEED TO BE BALANCED AGA0NST THE CORRESPOND0NG COMPUTAT0ONAL AND TOKEN
COSTS%

–0NAL OUTPUT AND CONTEXT REUSE �FTER REfiNEMENT: THE RESULT BECOMES THE fiNAL
STRUCTURED OUTPUT% ,EPEND0NG ON THE APPL0CAT0ON: TH0S OUTPUT CAN BE TRANSLATED TO
A TARGET FORMAT: STORED: PRESENTED TO A USER: OR PASSED TO ANOTHER SYSTEM%

/HE fiNAL OUTPUT CAN ALSO BE ADDED TO THE CONTEXT L0BRARY% /H0S CREATES THE
FEEDBACK PATH SHOWN 0N !0GURE fl%3 fiNAL0ZED OUTPUTS CAN BECOME CONTEXTUAL 0NPUT
FOR LATER GENERAT0ON TASKS% /HE ARCH0TECTURE CAN THEREFORE SUPPORT BOTH 0SOLATED
GENERAT0ON AND SEQUENT0AL PROCESSES 0N WH0CH LATER OUTPUTS BU0LD ON EARL0ER ONES%

4ENERAL0TY OF THE ARCH0TECTURE �LTHOUGH BOTH LAYERS FOLLOW THE SAME GENERAL
FUNCT0ONAL STRUCTURE: THE 0ND0V0DUAL COMPONENTS ARE ADAPTED TO THE ART0FACT BEh
0NG GENERATED% /ABLE fl%t COMPARES HOW THESE COMPONENTS ARE 0MPLEMENTED 0N THE
EXERC0SEh AND SEQUENCEhGENERAT0ON LAYERS% /HE COMPAR0SON SHOWS THAT THE ARCH0TECh
TURE DOES NOT PRESCR0BE ONE fiXED CONTEXT MECHAN0SM OR SET OF FEEDBACK AGENTS% /HESE
ARE SELECTED ACCORD0NG TO THE GENERATED ART0FACT AND THE PROPERT0ES THAT NEED TO BE
ASSESSED%

�PPLY0NG THE SAME STRUCTURE TO BOTH LAYERS PROV0DES PREL0M0NARY EV0DENCE THAT
THE ARCH0TECTURE CAN BE REUSED FOR RELATED GENERAT0ON TASKS W0TH0N THE SAME EDUCAh
T0ONAL CONTEXT% -N PART0CULAR: THE SEQUENCEhGENERAT0ON LAYER APPL0ES THE STRUCTURE AT
A D0fERENT LEVEL OF THE GENERAT0ON PROCESS: WHERE THE GENERATED BLUEPR0NTS ARE EVALUh
ATED 0N RELAT0ON TO THE0R ROLE W0TH0N AN 0NTENDED PROGRESS0ON RATHER THAN AS COMPLETE
EXERC0SES% /H0S SUGGESTS THAT THE ARCH0TECTURE CAN SUPPORT D0fERENT EDUCAT0ONAL
GENERAT0ON PURPOSES WH0LE RETA0N0NG THE SAME UNDERLY0NG FUNCT0ONAL ORGAN0ZAT0ON%
>OWEVER: TH0S GENERAL0TY HAS SO FAR ONLY BEEN DEMONSTRATED FOR THESE TWO CLOSELY
RELATED 0MPLEMENTAT0ONS%
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4ENERAL COMPOh
NENT

dXERC0SEhGENERAT0ON LAYER rEQUENCEhGENERAT0ON LAYER

-NPUT dXERC0SE BLUEPR0NT kEARN0NG GOAL
bONTEXT MECHAh
N0SM

’ETR0EVED DOMA0N KNOWLEDGE
AND EARL0ER EXERC0SES

rEQUENCE 0N0T0AL0ZAT0ON AND SL0Dh
0NG W0NDOW OF EARL0ER BLUEPR0NTS

4ENERAT0ON dXERC0SE CONTENT AND DED0CATED
TEST GENERAT0ON

rEQUENT0AL BLUEPR0NT GENERAT0ON

dVALUAT0ON /EACHERh AND STUDENThOR0ENTED
FEEDBACK AGENTS: CODE EXECUT0ON:
AND DETERM0N0ST0C CHECKS

•ONTEXT: PR0ORhKNOWLEDGE: AND
PROGRESS0ON FEEDBACK AGENTS:
SUPPORTED BY DETERM0N0ST0C
CHECKS

6ABLE 5ptc •OMPAR0SON OF HOW THE GENERAL ARCH0TECTURE 0S 0MPLEMENTED 0N THE
EXERC0SEh AND SEQUENCEhGENERAT0ON LAYERS%

fl)fl)o �RCH0TECTURAL CONTR0BUT0ON AND SCOPE

/HE MA0N ARCH0TECTURAL RESULT 0S THEREFORE NOT A fiXED P0PEL0NE FOR GENERAT0NG PROh
GRAMM0NG EXERC0SES: BUT A REUSABLE FUNCT0ONAL STRUCTURE FOR CONTROLLED kk<hBASED
GENERAT0ON% -N THE CONTEXT OF TH0S THES0S: TH0S STRUCTURE WAS DEVELOPED TO KEEP THE
TEACHER 0N CONTROL OF THE EDUCAT0ONAL CHO0CES THAT GU0DE THE GENERAT0ON PROCESS: WH0LE
LEAV0NG THE TRANSLAT0ON OF THESE CHO0CES 0NTO PROMPTS: CONTEXTUAL 0NFORMAT0ON: GENh
ERAT0ON STEPS: AND EVALUAT0ON PROCEDURES TO THE SYSTEM%

rEVERAL ELEMENTS OF TH0S APPROACH CAN ALSO BE FOUND 0N EX0ST0NG EDUCAT0ONAL GENh
ERAT0ON SYSTEMS% -NTELL0� S0M0LARLY ALLOWS 0NSTRUCTORS TO PROV0DE STRUCTURED PEDAh
GOG0CAL CHO0CES THAT ARE TRANSLATED 0NTO PROMPTS BY THE SYSTEM: REDUC0NG THE NEED
TO CONSTRUCT COMPLETE PROMPTS MANUALLYbt7[% dX4EN ADDS AN EVALUAT0ON STEP THAT
fiLTERS GENERATED EXERC0SES BASED ON THE0R ASSESSED D0ffiCULTYbtt[% /HE ARCH0TECTURE
DEVELOPED HERE EXTENDS TH0S PR0NC0PLE BY US0NG EVALUAT0ON NOT ONLY TO DETERM0NE
WHETHER AN OUTPUT 0S SU0TABLE: BUT ALSO TO 0DENT0FY SPEC0fiC PROBLEMS THAT CAN GU0DE
TARGETED REfiNEMENT% 1Y/ASKrYN: 0N TURN: DEMONSTRATES HOW D0fERENT AGENT PERh
SPECT0VES CAN BE USED DUR0NG GENERAT0ON AND EVALUAT0ONb3;[% � S0M0LAR PR0NC0PLE 0S
USED HERE THROUGH FEEDBACK AGENTS THAT ASSESS THE GENERATED MATER0AL FROM D0fERENT
EDUCAT0ONAL PERSPECT0VES% /HE ARCH0TECTURE BR0NGS THESE MECHAN0SMS TOGETHER W0TH0N
A GENERAT0ON PROCESS 0N WH0CH THE TEACHER SPEC0fiES WHAT SHOULD BE GENERATED: WH0LE
D0fERENT COMPONENTS DETERM0NE HOW THESE REQU0REMENTS ARE TRANSLATED 0NTO A USABLE
EXERC0SE%

/HE APPL0CAT0ON OF THE SAME ARCH0TECTURE TO THE SEQUENCEhGENERAT0ON LAYER 0ND0h
CATES HOW TH0S APPROACH CAN ALSO SUPPORT TEACHERS AT A D0fERENT LEVEL OF THE EXERC0SEh
CREAT0ON PROCESS% ’ATHER THAN START0NG FROM AN ALREADY DEfiNED EXERC0SE BLUEPR0NT:
SEQUENCE GENERAT0ON CAN START FROM BROADER SEQUENCE REQU0REMENTS AND PRODUCE THE
BLUEPR0NTS THAT GU0DE THE SUBSEQUENT GENERAT0ON OF 0ND0V0DUAL EXERC0SES% /H0S SUGh
GESTS THAT THE GENERAL ARCH0TECTURE CAN SUPPORT D0fERENT GENERAT0ON TASKS 0NVOLVED
0N CREAT0NG PROGRAMM0NG MATER0AL: ALTHOUGH THE EXTENT TO WH0CH THESE TASKS SHOULD
BE AUTOMATED REMA0NS AN OPEN QUEST0ON%
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/OGETHER: THESE RESULTS PROV0DE AN ANSWER TO ’+o BY SHOW0NG THAT CONTEXTUALh
0ZED PROGRAMM0NG EXERC0SES FOR CLASSROOM USE CAN BE GENERATED THROUGH A CONTROLLED
PROCESS 0N WH0CH TEACHERS DEfiNE THE EDUCAT0ONAL 0NTENT WH0LE THE SYSTEM SUPPORTS
THE TRANSLAT0ON OF THAT 0NTENT 0NTO GENERATED AND EVALUATED MATER0AL% /HE RESULTS
ALSO PO0NT TOWARDS A BROADER QUEST0ON FOR FUTURE WORKc WH0CH PARTS OF THE GENERAT0ON
PROCESS SHOULD BE HANDLED BY THE SYSTEM: AND WHERE SHOULD TEACHERS REMA0N D0RECTLY
0NVOLVEDq !UTURE WORK SHOULD THEREFORE 0NVEST0GATE HOW D0fERENT 0MPLEMENTAT0ONS
OF THE ARCH0TECTURE CAN 0NTERACT: HOW A HUMANh0NhTHEhLOOP COMPONENT CAN BE 0NCORh
PORATED: AND HOW THESE TOOLS CAN BE 0NTEGRATED 0NTO TEACHERS‘ EX0ST0NG WORK5OWS
W0THOUT 0NTRODUC0NG ADD0T0ONAL BURDEN% /HE CURRENT 0MPLEMENTAT0ONS PROV0DE PREh
L0M0NARY EV0DENCE THAT THE ARCH0TECTURE CAN SUPPORT TH0S TYPE OF ASS0STED GENERAT0ON:
BUT FURTHER EVALUAT0ON 0S NEEDED TO DETERM0NE HOW BROADLY AND EfECT0VELY 0T CAN BE
APPL0ED%

fl)fi /EACHER AND DOMA0NhEwPERT EVALUAT0ON h4�)a e
/HE TEACHER AND DOMA0NhEXPERT EVALUAT0ON EXAM0NED THE GENERATED SEQUENCES FROM
COMPLEMENTARY PERSPECT0VES% /EACHERS FOCUSED MA0NLY ON CLASSROOM USE AND STUDENT
LEARN0NG: WHEREAS DOMA0N EXPERTS FOCUSED MORE STRONGLY ON PROGRAMM0NGhRELATED
QUAL0TY: PROGRESS0ON: TERM0NOLOGY: SOLUT0ONS: AND TEST CASES% aECAUSE OF THE SMALL
NUMBER OF PART0C0PANTS: THE fiND0NGS ARE 0NTERPRETED DESCR0PT0VELY AND ARE ORGAN0ZED
ACCORD0NG TO THE EVALUAT0ON D0MENS0ONS DEfiNED 0N rECT0ON t%t% �PPEND0X I

/ECHN0CAL AND STRUCTURAL QUAL0TY /HE DOMA0N EXPERTS GENERALLY CONS0DERED THE
GENERATED EXERC0SES TECHN0CALLY PLAUS0BLE: AND THE MODEL SOLUT0ONS USUALLY 0MPLEh
MENTED THE REQUESTED TASKS% >OWEVER: SEVERAL REMA0N0NG 0NCONS0STENC0ES WERE 0DENh
T0fiED: 0NCLUD0NG 0SSUES W0TH TERM0NOLOGY: FORMATT0NG: CONCEPT NAM0NG: SCAfOLDS: AND
THE AL0GNMENT BETWEEN EXERC0SE COMPONENTS% /EST CASES WERE A MORE NOTABLE L0M0h
TAT0ON% rOME TESTS FOCUSED TOO STRONGLY ON EXACT OUTPUT: UNCOMMON EDGE CASES: OR
SPEC0fiC 0MPLEMENTAT0ON DETA0LS 0NSTEAD OF THE 0NTENDED PROGRAMM0NG CONCEPT% /H0S
CORRESPONDS W0TH THE 0NTERNAL EVALUAT0ON: WHERE TESThCASE GENERAT0ON AND REfiNEMENT
WERE ALSO FOUND TO BE LESS REL0ABLE THAN OTHER COMPONENTS%

/HE TEACHER PERSPECT0VE COMPLEMENTED THESE fiND0NGS% /HE FEEDBACK L0NKED TO
THE TEST CASES WAS EVALUATED LESS CONS0STENTLY: SUGGEST0NG THAT THE GENERATED FEEDBACK
DOES NOT ALWAYS HELP STUDENTS UNDERSTAND THE0R M0STAKES SUffiC0ENTLY% /H0S 0ND0CATES
THAT TEST GENERAT0ON SHOULD BE MORE CLOSELY AL0GNED W0TH THE LEARN0NG OBiECT0VE OF THE
EXERC0SE% 9NE POSS0B0L0TY 0S TO G0VE TEACHERS MORE CONTROL BY ALLOW0NG THEM TO SPEC0FY
WH0CH BEHAV0ORS OR COMMON STUDENT M0STAKES SHOULD BE TESTED% � SECOND POSS0B0Lh
0TY 0S TO 0MPROVE THE TESThGENERAT0ON COMPONENT 0TSELF BY 0NCORPORAT0NG ADD0T0ONAL
KNOWLEDGE ABOUT EDUCAT0ONAL TEST DES0GN: E0THER AS CONTEXTUAL 0NFORMAT0ON PROV0DED
TO THE TESThGENERAT0ON AGENT OR THROUGH MORE EXPL0C0T TESThGENERAT0ON 0NSTRUCT0ONS%
/H0S COULD HELP ENSURE THAT GENERATED TESTS FOCUS ON THE 0NTENDED PROGRAMM0NG
CONCEPT AND PROV0DE FEEDBACK THAT BETTER SUPPORTS STUDENT LEARN0NG% /H0S RESULT
CORRESPONDS W0TH OUR PREV0OUS fiND0NG OF PHASE 3 AND t%
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1EDAGOG0CAL QUAL0TY /HE MA0N PEDAGOG0CAL CONCERN WAS NOT THAT THE EXERC0SES
LACKED STRUCTURE: BUT THAT THEY WERE OFTEN 0NSUffiC0ENT AS A fiRST 0NTRODUCT0ON TO
A PROGRAMM0NG CONCEPT% aOTH TEACHERS REPEATEDLY 0ND0CATED THAT STUDENTS WOULD
BENEfiT FROM SEE0NG EXPLANAT0ONS OR EXAMPLES BEFORE BE0NG ASKED TO APPLY A NEW
CONSTRUCT% /HE0R OPEN RESPONSES SPEC0fiCALLY SUGGESTED REPLAC0NG PART OF THE WR0TTEN
EXPLANAT0ON W0TH EXAMPLES OR V0SUAL0ZAT0ONS AND REDUC0NG THE AMOUNT OF 0NFORMAT0ON
CONTA0NED 0N EACH EXERC0SE% /HE 0NTERV0EW QUEST0ONS AND NOTES S0M0LARLY FOCUS ON THE
NEED FOR D0fERENT ACT0V0TY TYPES: EXAMPLES: AND STRONGER 0NTEGRAT0ON OF THE EXERC0SES
0NTO TEACHERhLED 0NSTRUCT0ON%

,OMA0N EXPERTS 0DENT0fiED RELATED 0SSUES FROM A PROGRAMM0NG PERSPECT0VE% rEVh
ERAL COMMENTS PO0NT TO 0NCONS0STENC0ES 0N TERM0NOLOGY: FORMATT0NG: SCAfOLDS: AND
CONCEPT NAM0NG% rOME CONCEPTS ARE 0NTRODUCED UNCLEARLY OR W0TH NAMES THAT MAY
NOT BE MEAN0NGFUL FOR STUDENTS% !OR EXAMPLE ?STR0NG SL0C0NG? -N SOME CASES: SCAfOLDS
ALSO CONTA0N ELEMENTS THAT ARE NOT PART OF THE 0NTENDED CONCEPT PROGRESS0ON%

bONTEXTUAL QUAL0TY /HE B0OLOG0CAL CONTEXT 0TSELF WAS NOT 0DENT0fiED AS THE MA0N
WEAKNESS OF THE GENERATED MATER0AL% rOME EXPERT FEEDBACK EXPL0C0TLY DESCR0BED EXh
ERC0SES AS MORE 0NTEREST0NG WHEN THE PROGRAMM0NG TASK WAS MORE CLOSELY CONNECTED
TO THE B0OLOG0CAL CONTEXT% >OWEVER: THE TEACHER RESPONSES REGARD0NG WHETHER THE
CONTEXT D0STRACTED FROM PROGRAMM0NG WERE M0XED%

� MUCH CLEARER RECURR0NG fiND0NG CONCERNED THE AMOUNT OF 0NFORMAT0ON 0N THE
PROBLEM STATEMENTS% aOTH TEACHERS CONS0STENTLY REPORTED THAT THE EXERC0SES CONh
TA0NED TOO MUCH TEXT: W0TH OPEN RESPONSES REPEATEDLY CALL0NG FOR SHORTER DESCR0Ph
T0ONS: MORE EXAMPLES: AND V0SUAL REPRESENTAT0ONS% /HE PROBLEM THEREFORE APPEARS
TO CONCERN HOW MUCH CONTEXTUAL AND 0NSTRUCT0ONAL 0NFORMAT0ON 0S PRESENTED AT ONCE
RATHER THAN CONTEXTUAL0ZAT0ON ALONE

/EACHER USAB0L0TY AND ADAPTAT0ON /HE TEACHER EVALUAT0ON 0ND0CATES THAT THE
GENERATED MATER0AL WOULD ST0LL REQU0RE ADAPTAT0ON BEFORE CLASSROOM USE% /HE REPORTED
EfORT VAR0ED BETWEEN SEQUENCES: FROM SMALL TO SUBSTANT0AL ADAPTAT0ONS% >OWEVER:
THE QUAL0TAT0VE RESPONSES SHOW THAT TH0S EfORT DOES NOT MA0NLY CONS0ST OF REWR0T0NG
TECHN0CALLY 0NCORRECT EXERC0SES% /EACHERS REPEATEDLY REFERRED TO SHORTEN0NG THE TEXT:
ADD0NG EXAMPLES OR V0SUAL0ZAT0ONS: 0NTRODUC0NG CONCEPTS BEFORE STUDENTS USE THEM:
AND DEC0D0NG HOW THE EXERC0SES SHOULD BE 0NCORPORATED 0NTO THE LESSON%

/HE GENERATED SEQUENCES SHOULD THEREFORE BE V0EWED MORE AS MATER0AL THAT SUPh
PORTS LESSON PREPARAT0ON THAN AS COMPLETE STANDALONE LESSONS% /H0S ALSO CLAR0fiES
THE ROLE OF TEACHER CONTROL% /EACHERS MAY WANT TO DETERM0NE NOT ONLY THE TARGET
CONCEPTS AND EXERC0SE TYPES: BUT ALSO HOW EXERC0SES ARE COMB0NED W0TH EXPLANAT0ONS:
EXAMPLES: OR OTHER LEARN0NG ACT0V0T0ES%

-NTERPRETAT0ON /AKEN TOGETHER: THE EVALUAT0ON SUGGESTS THAT THE GENERATED EXERh
C0SES ARE A USEFUL START0NG PO0NT: BUT THAT QUAL0TY AT THE LEVEL OF 0ND0V0DUAL EXERC0SE
COMPONENTS 0S NOT SUffiC0ENT FOR CLASSROOM READ0NESS% ,OMA0N EXPERTS MA0NLY 0DENT0h
fiED REMA0N0NG 0SSUES 0N TEST DES0GN: TERM0NOLOGY: SCAfOLD0NG: AND PROGRESS0ON: WH0LE
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TEACHERS FOCUSED MORE ON HOW THE MATER0AL WOULD BE 0NTRODUCED AND USED DUR0NG
0NSTRUCT0ON%

/HESE L0M0TAT0ONS CORRESPOND CLOSELY W0TH THE DES0GN COND0T0ONS 0DENT0fiED 0N THE
L0TERATURE% -NTRODUCTORY PROGRAMM0NG EXERC0SES SHOULD REMA0N FOCUSED ON A CLEAR
LEARN0NG GOAL: 0NTRODUCE NEW DEMANDS GRADUALLY: PROV0DE APPROPR0ATE SCAfOLD0NG:
AND G0VE FEEDBACK THAT HELPS STUDENTS UNDERSTAND THE0R M0STAKES% /HE L0TERATURE
ALSO WARNS THAT OVERLY DENSE PROBLEM STATEMENTS AND EXCESS0VE SUPPORT0NG 0NFORh
MAT0ON CAN 0NCREASE COGN0T0VE DEMANDS% /HE CURRENT GENERAT0ON APPROACH ALREADY
0NCORPORATES SEVERAL OF THESE PR0NC0PLES THROUGH STRUCTURED 0NPUTS: SEQUENCEhAWARE
GENERAT0ON: AND EVALUAT0ON COMPONENTS: SUGGEST0NG THAT THE SYSTEM 0S MOV0NG 0N THE
R0GHT D0RECT0ON% >OWEVER: THE EVALUAT0ON SHOWS THAT THESE REQU0REMENTS ARE NOT YET
CONTROLLED CONS0STENTLY ENOUGH 0N THE GENERATED OUTPUT%

/HE MA0N 0MPL0CAT0ON 0S THEREFORE THAT THE SYSTEM SHOULD SUPPORT TEACHERhLED
LESSON CONSTRUCT0ON RATHER THAN ONLY GENERATE COMPLETE EXERC0SE SEQUENCES% /H0S
0NCLUDES ALLOW0NG VAR0AT0ON BETWEEN EXPLANAT0ONS: EXAMPLES: SCAfOLDED TASKS: AND
MORE 0NDEPENDENT EXERC0SES: WH0LE PRESERV0NG TEACHER CONTROL OVER HOW THESE ARE
COMB0NED% /HE AMOUNT OF 0NFORMAT0ON SHOULD ALSO BE MANAGED MORE CAREFULLYc
0NFORMAT0ON REQU0RED TO SOLVE THE EXERC0SE SHOULD REMA0N D0RECTLY AVA0LABLE: WH0LE
ADD0T0ONAL EXPLANAT0ONS OR CONTEXTUAL 0NFORMAT0ON COULD BE PRESENTED SEPARATELY OR
ON DEMAND%

/EST GENERAT0ON REMA0NS A SEPARATE PR0OR0TY% /HE fiND0NGS 0ND0CATE THAT TESTS
SHOULD BE MORE CLOSELY AL0GNED W0TH THE 0NTENDED PROGRAMM0NG CONCEPT AND W0TH
THE TYPE OF FEEDBACK THAT 0S USEFUL FOR BEG0NNERS% /H0S COULD BE SUPPORTED THROUGH
STRONGER TESThGENERAT0ON 0NSTRUCT0ONS: ADD0T0ONAL EDUCAT0ONAL TEST0NG KNOWLEDGE 0N
THE GENERAT0ON CONTEXT: AND TEACHER CONTROL OVER WHAT BEHAV0ORS OR M0SCONCEPT0ONS
SHOULD BE ASSESSED%

9VERALL: TH0S ANSWERS ’+3 BY SUGGEST0NG THAT THE GENERATED MATER0AL 0S PROM0Sh
0NG BUT NOT FULLY CLASSROOMhREADY% /HE MA0N REMA0N0NG NEED 0S NOT S0MPLY BETTER
GENERAT0ON OF 0ND0V0DUAL EXERC0SES: BUT BETTER SUPPORT FOR HOW TEACHERS ASSEMBLE:
PRESENT: AND ADAPT THE GENERATED MATER0AL W0TH0N THE0R 0NSTRUCT0ONAL WORK5OW%

fl)7 bLASSROOM STUDY
fl)7)o bOMPARAT0VE MOT0VAT0ON fiND0NGS
/HE COMPARAT0VE r-<r ANALYS0S D0D NOT REVEAL A CONS0STENT MOT0VAT0ONAL EfECT OF
CONTEXTUAL0ZAT0ON% aEFORE THE 0NTERVENT0ON: 0NTR0NS0C MOT0VAT0ON WAS ALREADY H0GHER
0N THE CONTEXTUAL0ZED GROUP AT THE EXPLORATORY S0GN0fiCANCE LEVEL OF � 9 .0� p< 9
.�53(% �FTER THE 0NTERVENT0ON: AMOT0VAT0ON WAS H0GHER 0N THE CONTROL GROUP p< 9
.�10(: WH0LE 0NTR0NS0C MOT0VAT0ON 0NCREASED W0TH0N THE CONTROL GROUP p< 9 .�50(%
mO S0GN0fiCANT PRE—POST CHANGES WERE FOUND W0TH0N THE CONTEXTUAL0ZED GROUP% /HE
COMPLETE STAT0ST0CAL ANALYS0S 0S REPORTED 0N THE UNPUBL0SHED dDUCAT0ONAL <ASTER‘S
STUDY b7[%

/HESE fiND0NGS DO NOT PROV0DE CLEAR EV0DENCE THAT B0OLOG0CAL CONTEXTUAL0ZAT0ON 0Nh
CREASED MOT0VAT0ON% /HE BASEL0NE D0fERENCE BETWEEN THE GROUPS AND THE CONTRAST0NG
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80G2RE 5ptc /HE RESULTS ON HOW STUDENTS EXPER0ENCED THE CONTEXTUAL0ZED EXERC0SES

CHANGES 0N THE CONTROL GROUP L0M0T THE 0NTERPRETAT0ON OF THE POSTh0NTERVENT0ON D0fERh
ENCE 0N AMOT0VAT0ON% /HE REMA0NDER OF TH0S SECT0ON THEREFORE FOCUSES ON STUDENTS‘
D0RECT EVALUAT0ON OF THE CONTEXTUAL0ZED EXERC0SES%

fl)7)3 dwPER0ENCE OF THE CONTEwTUAL0yED EwERC0SES

!0GUREfl%t PRESENTS THE RESPONSE D0STR0BUT0ONS FOR THE N0NE QUEST0ONNA0RE 0TEMS% /HE
OVERALL EVALUAT0ON OF THE B0OLOG0CAL CONTEXT WAS POS0T0VE% <OST STUDENTS 0ND0CATED
THAT THE CONTEXT MADE THE EXERC0SES MORE 0NTEREST0NG AND CLAR0fiED THE USEFULNESS OF
PROGRAMM0NG% 9NLY A SMALL PROPORT0ON PREFERRED COMPLET0NG THE EXERC0SES W0THOUT
A B0OLOG0CAL CONTEXT%

/HE PROGRAMM0NG LEVEL WAS ALSO GENERALLY PERCE0VED AS FEAS0BLE% <OST STUDENTS
D0D NOT CONS0DER THE COMB0NAT0ON OF B0OLOGY AND PROGRAMM0NG UNNECESSAR0LY COMh
PL0CATED AND D0D NOT REPORT MENTAL OVERLOAD OR FRUSTRAT0ON% /H0S SUGGESTS THAT THE
B0OLOG0CAL CONTEXT D0D NOT CREATE EXCESS0VE ADD0T0ONAL D0ffiCULTY FOR MOST STUDENTS%

vH0LE MOST STUDENTS 0ND0CATED THAT THE CONTEXT CLAR0fiED THE USEFULNESS OF PROh
GRAMM0NG: RESPONSES WERE M0XED ON WHETHER 0T HELPED THEM UNDERSTAND WHAT THE
PROGRAM SHOULD DO% /H0S SUGGESTS THAT: 0N TH0S EXERC0SE SET: THE CONNECT0ON BEh
TWEEN THE B0OLOG0CAL S0TUAT0ON AND THE REQU0RED PROGRAM BEHAV0OR WAS NOT ALWAYS
SUffiC0ENTLY EXPL0C0T%

/HE RESPONSE D0STR0BUT0ONS ALSO 0ND0CATE THAT THE CONTEXT WAS NOT EVALUATED
EQUALLY BY ALL STUDENTS% vH0LE MANY STUDENTS EXPER0ENCED 0T AS 0NTEREST0NG AND
USEFUL: OTHERS REMA0NED NEUTRAL OR PERCE0VED GREATER D0ffiCULTY% /HE SAME CONTEXh
TUAL0ZAT0ON MAY THEREFORE SUPPORT SOME STUDENTS WH0LE ADD0NG L0TTLE VALUE: OR EVEN
ADD0T0ONAL D0ffiCULTY: FOR OTHERS% /H0S 0S CONS0STENT W0TH THE THEORET0CAL D0SCUSS0ON
0N rECT0ON 3%3: WHERE CONTEXTUAL0ZAT0ON 0S TREATED AS DEPENDENT ON THE RELAT0ONSH0P
BETWEEN THE LEARNER: THE CONTEXT: AND THE TASK RATHER THAN AS AN 0NHERENTLY BENEfiC0AL
EXERC0SE CHARACTER0ST0Cb3t: 3o[%
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fl)7)t rELECTED EwPLORATORY ASSOC0AT0ONS

9NLY CORRELAT0ONS THAT CONTR0BUTE D0RECTLY TO 0NTERPRET0NG THE ROLE OF CONTEXTUAL0ZAh
T0ON ARE D0SCUSSED HERE% /HE COMPLETE CORRELAT0ON MATR0X 0S 0NCLUDED 0N �PPEND0X
qq%

1ERCE0VED USEFULNESS WAS POS0T0VELY ASSOC0ATED W0TH POSTh0NTERVENT0ON 0DENT0fiED
REGULAT0ON: ρ 9 .37: < 9 .�18% rTUDENTS WHO REPORTED THAT THE B0OLOG0CAL CONTEXT
MADE THE USEFULNESS OF PROGRAMM0NG CLEARER ALSO TENDED TO SHOW H0GHER 0DENT0fiED
REGULAT0ON%

1ERCE0VED USEFULNESS WAS ALSO POS0T0VELY ASSOC0ATED W0TH THE PRE—POST CHANGE 0N
0DENT0fiED REGULAT0ON: ρ 9 .41: < 9 .�05% rTUDENTS WHO EVALUATED THE CONTEXT AS
MAK0NG PROGRAMM0NG MORE USEFUL THEREFORE TENDED TO SHOW A MORE POS0T0VE CHANGE
0N THE EXTENT TO WH0CH THEY RECOGN0ZED THE VALUE OF PROGRAMM0NG%

/H0S RELAT0ONSH0P 0S CONS0STENT W0TH THE THEORET0CAL ROLE OF 0DENT0fiED REGULAT0ON:
WH0CH CONCERNS PART0C0PAT0NG 0N AN ACT0V0TY BECAUSE 0TS 0MPORTANCE OR USEFULNESS 0S
RECOGN0ZED% >OWEVER: THE ASSOC0AT0ON DOES NOT ESTABL0SH THAT THE CONTEXTUAL0ZAT0ON
CAUSED THE MOT0VAT0ONAL CHANGE% rTUDENTS WHO ALREADY VALUED PROGRAMM0NG MAY
ALSO HAVE EVALUATED THE CONTEXT MORE POS0T0VELY%

� SECOND RELAT0ONSH0P CONCERNED THE FUNCT0ONAL ROLE OF THE CONTEXT% rTUDENTS
WHO REPORTED THAT THE B0OLOG0CAL CONTEXT HELPED THEM UNDERSTAND WHAT THE PROGRAM
SHOULD DO ALSO TENDED TO fiND THE EXERC0SES MORE 0NTEREST0NG: ρ 9 .562: < . .��0% /H0S
SUGGESTS THAT CONTEXTUAL0ZAT0ON WAS MORE ENGAG0NG WHEN 0T CONTR0BUTED D0RECTLY TO
UNDERSTAND0NG THE PROGRAMM0NG TASK RATHER THAN FUNCT0ON0NG ONLY AS A SURROUND0NG
STORY%

1ERCE0VED PROGRAMM0NG FEAS0B0L0TY WAS STRONGLY NEGAT0VELY ASSOC0ATED W0TH UNNECh
ESSARY COMPLEX0TY: ρ 9 �.630: < . .��0% rTUDENTS WHO CONS0DERED THE COMB0NAT0ON
OF B0OLOGY AND PROGRAMM0NG UNNECESSAR0LY COMPL0CATED ALSO TENDED TO REGARD THE
PROGRAMM0NG LEVEL AS LESS MANAGEABLE% �LTHOUGH TH0S RESULT DOES NOT D0ST0NGU0SH
BETWEEN D0ffiCULTY CAUSED BY THE PROGRAMM0NG CONTENT AND D0ffiCULTY CAUSED BY THE
B0OLOG0CAL CONTEXT: 0T SHOWS THAT ADD0T0ONAL CONTEXTUAL COMPLEX0TY WAS CLOSELY RELATED
TO STUDENTS‘ OVERALL PERCEPT0ON OF TASK FEAS0B0L0TY%

fl)7)fl -NTERPRETAT0ON AND DES0GN 0MPL0CAT0ONS

/HE RESULTS SUGGEST THAT THE VALUE OF CONTEXTUAL0ZAT0ON DEPENDS ON HOW WELL THE
B0OLOG0CAL CONTEXT 0S 0NTEGRATED 0NTO THE PROGRAMM0NG TASK% /HE B0OLOG0CAL FRAM0NG
WAS MORE CONS0STENTLY PERCE0VED AS MAK0NG THE USEFULNESS OF PROGRAMM0NG V0S0BLE
THAN AS HELP0NG STUDENTS UNDERSTAND WHAT THE PROGRAM SHOULD DO% !OR TH0S EXERC0SE
SEQUENCE: THE GENERATOR THEREFORE APPEARS TO HAVE CONVEYED CONTEXTUAL RELEVANCE
MORE SUCCESSFULLY THAN THE OPERAT0ONAL CONNECT0ON BETWEEN THE B0OLOG0CAL S0TUAT0ON
AND THE REQU0RED PROGRAMM0NG BEHAV0OR%

/H0S D0ST0NCT0ON 0S CONS0STENT W0TH PREV0OUS RESEARCH ON CONTEXTUAL0ZED PROGRAMh
M0NG PROBLEMS: WH0CH SHOWS THAT CONTEXTUAL0ZAT0ON CAN 0NCREASE PERCE0VED RELEVANCE
OR AUTHENT0C0TY: BUT MAY ALSO 0NTRODUCE ADD0T0ONAL COGN0T0VE DEMANDS WHEN THE CONh
TEXT 0S UNFAM0L0AR OR 0NSUffiC0ENTLY AL0GNED W0TH THE PROGRAMM0NG TASK b3t: 3o[%
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/HE STRONG RELAT0ONSH0P BETWEEN PERCE0VED PROGRAMM0NG FEAS0B0L0TY AND UNNECh
ESSARY COMPLEX0TY SUGGESTS THAT STUDENTS WHO EXPER0ENCED MORE D0ffiCULTY W0TH THE
PROGRAMM0NG TASK ALSO TENDED TO EXPER0ENCE THE COMB0NAT0ON W0TH B0OLOGY AS MORE
DEMAND0NG% /HE CURRENT DATA CANNOT DETERM0NE WHETHER TH0S OR0G0NATED FROM THE
PROGRAMM0NG CONCEPTS: THE B0OLOG0CAL CONTEXT: OR THE0R 0NTERACT0ON% � fiRST REfiNEMENT
0S THEREFORE TO 0NSPECT THE EXERC0SES 0N WH0CH BOTH DEMANDS CO0NC0DE AND DETERM0NE
WHETHER THE CONTEXT: 0NSTRUCT0ONS: OR PROGRAMM0NG REQU0REMENTS CAN BE S0MPL0fiED%
� SECOND D0RECT0ON 0S TO EXPLORE GREATER D0fERENT0AT0ON 0N CONTEXT SELECT0ON: FOR EXh
AMPLE BY OfER0NG ALTERNAT0VE CONTEXTS OR ALLOW0NG STUDENTS TO CHOOSE BETWEEN THEM%
r0NCE STUDENTS‘ ATT0TUDES TOWARD B0OLOGY WERE NOT MEASURED: TH0S REMA0NS A POSS0BLE
EXPLANAT0ON RATHER THAN A CONCLUS0ON%

’EGARD0NG ’+t: STUDENTS GENERALLY EXPER0ENCED THE GENERATED CONTEXTUAL0ZED
PROGRAMM0NG EXERC0SES POS0T0VELY: ALTHOUGH TH0S EXPER0ENCE D0fERED BETWEEN STUh
DENTS% <OST STUDENTS PERCE0VED THE B0OLOG0CAL CONTEXT AS MAK0NG THE EXERC0SES MORE
0NTEREST0NG AND THE USEFULNESS OF PROGRAMM0NG MORE V0S0BLE: WH0LE 0TS CONTR0BUT0ON TO
UNDERSTAND0NG THE REQU0RED PROGRAM BEHAV0OR WAS LESS CONS0STENT% /HE COMPARAT0VE
ANALYS0S D0D NOT PROV0DE CLEAR EV0DENCE THAT THE CONTEXTUAL0ZED EXERC0SE SEQUENCE
0NCREASED MOT0VAT0ON AT GROUP LEVEL% >OWEVER: STUDENTS WHO PERCE0VED THE CONTEXT
AS MAK0NG PROGRAMM0NG MORE USEFUL TENDED TO REPORT H0GHER 0DENT0fiED REGULAT0ON
AND A MORE POS0T0VE CHANGE 0N 0DENT0fiED REGULAT0ON% /HE PERCE0VED MOT0VAT0ONAL
0MPACT OF CONTEXTUAL0ZAT0ON THEREFORE APPEARS TO L0E MA0NLY 0N MAK0NG THE VALUE OF
PROGRAMM0NG MORE V0S0BLE FOR SOME STUDENTS: RATHER THAN 0N PRODUC0NG A UN0FORM
0NCREASE 0N MOT0VAT0ON ACROSS THE GROUP%

fl)7)fi k0M0TAT0ONS
/HE fiND0NGS ARE EXPLORATORY AND BASED ON A SMALL CONTEXTUAL0ZED GROUP% /HE QUESh
T0ONNA0RE MEASURES STUDENTS‘ PERCEPT0ONS RATHER THAN D0RECT LEARN0NG OUTCOMES: AND
THE CORRELAT0ONS DO NOT ESTABL0SH CAUSAL RELAT0ONSH0PS% /HE CHANGEhSCORE CORRELAT0ON
0S ALSO SENS0T0VE TO BASEL0NE VALUES AND MEASUREMENT VAR0AT0ON%

-N ADD0T0ON: STUDENTS‘ 0N0T0AL 0NTEREST 0N B0OLOGY: B0OLOG0CAL PR0OR KNOWLEDGE: AND
B0OLOG0CAL SELFhEffiCACY WERE NOT MEASURED% -T 0S THEREFORE NOT POSS0BLE TO DETERM0NE
WHETHER THESE CHARACTER0ST0CS EXPLA0N WHY STUDENTS EVALUATED THE SAME CONTEXT D0Fh
FERENTLY%

fl)s bONCLUS0ON
/H0S THES0S 0NVEST0GATED WHETHER kk<hBASED GENERAT0ON CAN SUPPORT THE CREAT0ON OF
PROGRAMM0NG EXERC0SES TA0LORED TO THE a•rv STUDY TRACK% /HE PROBLEM MOT0VAT0NG
TH0S WORK 0S THAT SU0TABLE PROGRAMM0NG MATER0AL FOR TH0S RELAT0VELY SMALL EDUCAT0ONAL
CONTEXT 0S L0M0TED: WH0LE CREAT0NG AND ADAPT0NG 0NTERD0SC0PL0NARY EXERC0SES MANUh
ALLY REQU0RES SUBSTANT0AL TEACHER EfORT% �T THE SAME T0ME: CONTEXTUAL0ZED EXERC0SES
MUST SAT0SFY MORE THAN TECHN0CAL CORRECTNESSc THEY NEED TO AL0GN W0TH THE 0NTENDED
PROGRAMM0NG GOALS: USE THE B0OLOG0CAL CONTEXT MEAN0NGFULLY: MATCH STUDENTS‘ PR0OR
KNOWLEDGE: AND REMA0N USABLE W0TH0N CLASSROOM PRACT0CE%
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/HE STUDY THEREFORE DEVELOPED AND EVALUATED AN kk<hBASED GENERAT0ON APPROACH
THROUGH AN 0TERAT0VE DES0GNhBASED PROCESS% /HE RESULT0NG SYSTEM WAS EXAM0NED FROM
THREE COMPLEMENTARY PERSPECT0VESc HOW THE GENERAT0ON PROCESS CAN BE STRUCTURED
AND CONTROLLED: HOW TEACHERS AND DOMA0N EXPERTS EVALUATE THE GENERATED MATER0AL:
AND HOW STUDENTS EXPER0ENCE THE CONTEXTUAL0ZED EXERC0SES% /OGETHER: THESE PERSPECh
T0VES PROV0DE THE FOLLOW0NG ANSWERS TO THE RESEARCH QUEST0ONS%

’.oc gOW CAN kklS GENERATE 0NTERD0SC0PL0NARY PROGRAMM0NG EXERC0SESq
/HE DEVELOPMENT PROCESS SUGGESTS THAT 0NTERD0SC0PL0NARY PROGRAMM0NG EXERC0SE GENh
ERAT0ON CAN BENEfiT FROM BE0NG APPROACHED AS A CONTROLLED GENERAT0ON P0PEL0NE RATHER
THAN AS A S0NGLE PROMPThTOhOUTPUT TASK% /HE fiNAL ARCH0TECTURE SEPARATES STRUCTURED
0NPUT: CONTEXTUAL 0NFORMAT0ON: GENERAT0ON: EVALUAT0ON: REfiNEMENT: AND OUTPUT FORh
MATT0NG% ,0RECTLY VER0fiABLE PROPERT0ES: SUCH AS CODE EXECUT0ON AND OUTPUT STRUCTURE:
CAN BE EVALUATED THROUGH DETERM0N0ST0C TOOLS: WH0LE kk<hBASED FEEDBACK CAN BE USED
TO ASSESS PROPERT0ES THAT REQU0RE 0NTERPRETAT0ON: SUCH AS CLAR0TY: CONTEXTUAL APPROh
PR0ATENESS: AND PEDAGOG0CAL AL0GNMENT% 4ENERATED MATER0AL 0S THEREFORE TREATED AS A
DRAFT THAT CAN BE EVALUATED AND REfiNED BEFORE BECOM0NG fiNAL OUTPUT%

� CENTRAL DES0GN PR0NC0PLE THAT EMERGED 0S THE SEPARAT0ON OF CONCERNS% ,0fERENT
PARTS OF THE GENERATED ART0FACT HAVE D0fERENT REQU0REMENTS AND MAY BENEfiT FROM
D0fERENT GENERAT0ON AND EVALUAT0ON MECHAN0SMS% /H0S WAS PART0CULARLY V0S0BLE FOR
TEST CASES: FOR WH0CH DED0CATED GENERAT0ON AND EXECUT0ON PROV0DED GREATER CONTROL
THAN GENERAT0NG THEM AS ANOTHER PART OF ONE LARGE PROMPT%

/HE 0NTERNAL EVALUAT0ON FURTHER 0LLUSTRATES BOTH THE POTENT0AL AND L0M0TAT0ONS
OF THESE MECHAN0SMS% ’EPEATED GENERAT0ONS OFTEN PRESERVED S0M0LAR OVERALL MEANh
0NG WH0LE VARY0NG 0N THE0R EXACT WORD0NG AND CODE STRUCTURE% /HE FEEDBACK AND
EXECUT0ONhBASED REfiNEMENT MECHAN0SMS CORRECTED A NUMBER OF OBSERVED 0SSUES: BUT
D0D NOT DO SO REL0ABLY 0N EVERY CASE% -N PART0CULAR: SOME TEST REfiNEMENTS WEAKENED
THE TEST OR REMOVED THE 0MMED0ATE CAUSE OF AN EXECUT0ON FA0LURE W0THOUT RESOLV0NG
THE UNDERLY0NG PROBLEM% �UTOMATED REfiNEMENT SHOULD THEREFORE BE 0NTERPRETED AS
AN ADD0T0ONAL QUAL0TYhCONTROL MECHAN0SM RATHER THAN AS A GUARANTEE OF CORRECTNESS%

/HE RECURR0NG FUNCT0ONAL STRUCTURE OF THE EXERC0SEhGENERAT0ON LAYER WAS ABSTRACTED
0NTO A MORE GENERAL GENERAT0ON ARCH0TECTURE% � S0M0LAR STRUCTURE WAS SUBSEQUENTLY
USED FOR SEQUENCE GENERAT0ONc STRUCTURED REQU0REMENTS ARE PROV0DED AS 0NPUT: RELh
EVANT CONTEXT 0S MA0NTA0NED BETWEEN GENERAT0ON STEPS: BLUEPR0NTS ARE GENERATED
AND EVALUATED: AND THE RESULT0NG STRUCTURED OUTPUT BECOMES 0NPUT TO THE EXERC0SEh
GENERAT0ON LAYER% /H0S PROV0DES AN 0N0T0AL 0ND0CAT0ON THAT THE ARCH0TECTURE CAN BE
APPL0ED TO MORE THAN ONE RELATED EDUCAT0ONAL GENERAT0ON TASK% >OWEVER: THE EXERC0SEh
GENERAT0ON LAYER RECE0VED SUBSTANT0ALLY MORE 0NTERNAL EVALUAT0ON THAN THE SEQUENCEh
GENERAT0ON LAYER: SO THE fiND0NGS DO NOT PROV0DE THE SAME LEVEL OF SUPPORT FOR BOTH
0MPLEMENTAT0ONS%

’.3c gOW DO TEACHERS AND DOMA0N EXPERTS EVALUATE QUAL0TY AND USh
AB0L0TYq /HE TEACHER AND DOMA0NhEXPERT EVALUAT0ON SUGGESTS THAT THE GENERATED
MATER0AL CAN PROV0DE A USEFUL START0NG PO0NT FOR EDUCAT0ONAL CONTENT: WH0LE ALSO 0Nh
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D0CAT0NG THAT THE QUAL0TY OF 0ND0V0DUAL PROGRAMM0NG EXERC0SES AND THE0R USAB0L0TY
W0TH0N CLASSROOM 0NSTRUCT0ON SHOULD BE CONS0DERED SEPARATELY%

v0TH0N THE SMALL DOMA0NhEXPERT EVALUAT0ON: THE PROGRAMM0NGhRELATED QUAL0TY
OF THE MATER0AL WAS GENERALLY ASSESSED POS0T0VELY% <ODEL SOLUT0ONS WERE CONS0DERED
APPROPR0ATE: PROGRESS0ON WAS LARGELY V0EWED AS GRADUAL: AND THE SEQUENCES WERE
GENERALLY CONS0DERED TO CORRESPOND W0TH THE0R 0NTENDED PROGRAMM0NG GOALS% �T THE
SAME T0ME: THE EVALUAT0ONS 0DENT0fiED REMA0N0NG 0SSUES 0N AREAS SUCH AS TESThCASE
FOCUS: EDGE CASES: TERM0NOLOGY: SCAfOLD0NG: AND REPET0T0ON BETWEEN EXERC0SES%

/HE TEACHER EVALUAT0ONS PLACED MORE EMPHAS0S ON HOW THE MATER0AL WOULD fiT 0NTO
0NSTRUCT0ON% /HE B0OLOG0CAL CONTEXT 0TSELF WAS NOT 0DENT0fiED AS THE MA0N D0ffiCULTY%
-NSTEAD: RECURR0NG CONCERNS 0NVOLVED THE AMOUNT OF 0NFORMAT0ON PRESENTED: SCAfOLDh
0NG: AND THE ROLE OF THE EXERC0SES W0TH0N A LESSON% /HE EVALUATED SEQUENCES WERE
NOT CONS0DERED SUffiC0ENT AS STANDALONE 0NTRODUCT0ONS TO NEW PROGRAMM0NG CONCEPTS:
AND THE TEACHER FEEDBACK 0ND0CATED A NEED FOR A BROADER RANGE OF 0NSTRUCT0ONAL ACh
T0V0T0ES: 0NCLUD0NG EXPLANAT0ON: EXAMPLES: SCAfOLDED PRACT0CE: AND MORE 0NDEPENDENT
PROGRAMM0NG TASKS%

/AKEN TOGETHER: THESE PERSPECT0VES SUGGEST THAT TECHN0CALLY AND PEDAGOG0CALLY
PLAUS0BLE PROGRAMM0NG MATER0AL MAY ST0LL REQU0RE ADAPTAT0ON BEFORE 0T fiTS A SPEC0fiC
CLASSROOM SETT0NG% /HE SMALL NUMBER OF PART0C0PANTS PREVENTS BROAD CONCLUS0ONS
ABOUT TEACHER OR DOMA0NhEXPERT PREFERENCES: BUT THE RECURR0NG OBSERVAT0ONS 0ND0CATE
THAT TEACHER MED0AT0ON REMA0NS 0MPORTANT% /HE GENERATED EXERC0SES SHOULD THEREFORE
NOT BE CONS0DERED COMPLETE STANDALONE LESSON MATER0AL: BUT RATHER MATER0AL THAT ST0LL
NEEDS TO BE SELECTED: ADAPTED: AND 0NTEGRATED 0NTO THE TEACHER‘S BROADER 0NSTRUCT0ONAL
APPROACH%

/HESE fiND0NGS ALSO SUGGEST THAT THE PURPOSE OF THE GENERATOR SHOULD NOT BE TO
REMOVE THE TEACHER FROM THE GENERAT0ON PROCESS% -NSTEAD: 0T CAN REDUCE THE AMOUNT
OF MATER0AL THAT NEEDS TO BE CREATED FROM SCRATCH WH0LE PRESERV0NG TEACHER CONTROL
OVER SELECT0ON: ORDER0NG: ADAPTAT0ON: AND CLASSROOM 0NTEGRAT0ON%

’.tc gOW D0D STUDENTS EXPER0ENCE THE GENERATED CONTEXTUAL0yED PROh
GRAMM0NG EXERC0SES: AND WHAT WAS THE0R PERCE0VED 0MPACT ON MOT0VAT0ONq
/HE CLASSROOM STUDY PROV0DES A GENERALLY POS0T0VE BUT NONhUN0FORM P0CTURE OF HOW
STUDENTS EXPER0ENCED THE GENERATED EXERC0SES% <OST STUDENTS 0N THE CONTEXTUAL0ZED
GROUP REPORTED THAT THE B0OLOG0CAL CONTEXT MADE THE EXERC0SES MORE 0NTEREST0NG AND
MADE THE USEFULNESS OF PROGRAMM0NG CLEARER% <OST ALSO CONS0DERED THE PROGRAMM0NG
LEVEL FEAS0BLE AND D0D NOT REPORT THAT COMB0N0NG B0OLOGY AND PROGRAMM0NG CREATED
UNNECESSARY COMPLEX0TY OR EXCESS0VE MENTAL OVERLOAD% >OWEVER: STUDENTS D0fERED 0N
HOW POS0T0VELY THEY EVALUATED THE CONTEXT: AND RESPONSES WERE MORE M0XED REGARD0NG
WHETHER THE B0OLOG0CAL CONTEXT HELPED THEM UNDERSTAND WHAT THE PROGRAM 0TSELF WAS
SUPPOSED TO DO%

/HE EXPLORATORY ASSOC0AT0ONS SUGGEST THAT PERCE0VED USEFULNESS OF THE CONTEXT MAY
BE RELEVANT TO STUDENTS‘ MOT0VAT0ONAL EXPER0ENCE% rTUDENTS WHO REPORTED THAT THE
B0OLOG0CAL CONTEXT MADE THE USEFULNESS OF PROGRAMM0NG CLEARER TENDED TO SHOW H0GHER
0DENT0fiED REGULAT0ON AFTER THE 0NTERVENT0ON: AND PERCE0VED USEFULNESS WAS POS0T0VELY
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ASSOC0ATED W0TH THE PRE—POST CHANGE 0N 0DENT0fiED REGULAT0ON% rTUDENTS WHO FELT THAT
THE CONTEXT HELPED THEM UNDERSTAND THE REQU0RED PROGRAM ALSO TENDED TO EVALUATE
THE EXERC0SES AS MORE 0NTEREST0NG% /HESE ASSOC0AT0ONS ARE CONS0STENT W0TH THE 0DEA
THAT CONTEXTUAL0ZAT0ON MAY BE MORE VALUABLE WHEN 0T CONTR0BUTES FUNCT0ONALLY TO THE
PROGRAMM0NG TASK: BUT THEY DO NOT ESTABL0SH A CAUSAL RELAT0ONSH0P%

/HE COMPARAT0VE MOT0VAT0ON RESULTS DO NOT PROV0DE CLEAR EV0DENCE THAT THE CONh
TEXTUAL0ZED EXERC0SES CAUSED AN 0NCREASE 0N MOT0VAT0ON% aASEL0NE D0fERENCES BETWEEN
THE GROUPS AND THE ABSENCE OF S0GN0fiCANT PRE—POST CHANGES W0TH0N THE CONTEXTUALh
0ZED GROUP PREVENT SUCH A CONCLUS0ON% /HE RESULTS 0NSTEAD SUGGEST THAT: FOR AT LEAST
PART OF THE GROUP: CONTEXTUAL0ZAT0ON MAY HELP MAKE THE RELEVANCE AND USEFULNESS OF
PROGRAMM0NG MORE V0S0BLE%

9VERALL: THE CLASSROOM RESULTS SUGGEST THAT THE ARCH0TECTURE WAS ABLE TO GENERh
ATE CONTEXTUAL0ZED EXERC0SES 0N WH0CH THE B0OLOG0CAL CONTEXT MADE THE RELEVANCE OF
PROGRAMM0NG MORE V0S0BLE TO MANY STUDENTS% >OWEVER: TH0S CONNECT0ON WAS NOT
EXPER0ENCED UN0FORMLY% /HE GENERATED CONTEXT APPEARED TO COMMUN0CATE THE USEFULh
NESS OF PROGRAMM0NG MORE CONS0STENTLY THAN 0T CLAR0fiED THE REQU0RED PROGRAMM0NG
BEHAV0OR%

lA0N CONTR0BUT0ON /HE MA0N CONTR0BUT0ON OF TH0S THES0S 0S THE RESULT0NG GENERAh
T0ON ARCH0TECTURE: WH0CH PROV0DES A START0NG PO0NT FOR DEVELOP0NG kk<hBASED EDUCAh
T0ONAL GENERAT0ON ENG0NES THAT GO BEYOND GENERAT0NG 0SOLATED STANDALONE EXERC0SES%
/HE ARCH0TECTURE STRUCTURES GENERAT0ON AROUND EXPL0C0T EDUCAT0ONAL REQU0REMENTS:
CONTEXTUAL 0NFORMAT0ON: GENERAT0ON: EVALUAT0ON: AND REfiNEMENT: ALLOW0NG D0fERENT
PARTS OF THE PROCESS TO BE CONTROLLED AND ADAPTED%

’ATHER THAN A0M0NG FOR FULLY AUTONOMOUS GENERAT0ON: THE ARCH0TECTURE 0S 0NTENDED
TO SUPPORT EDUCATORS 0N CREAT0NG MATER0AL THAT fiTS W0TH0N A BROADER 0NSTRUCT0ONAL
PROCESS% /HE GENERATED OUTPUT CAN SERVE AS 0NPUT FOR SUBSEQUENT GENERAT0ON STEPS:
BE COMB0NED 0NTO SEQUENCES: AND BE REV0EWED OR ADAPTED BEFORE CLASSROOM USE% -N
TH0S WAY: CONTROL REMA0NS W0TH THE EDUCATOR OVER WHAT 0S GENERATED: HOW MATER0AL 0S
ORGAN0ZED: AND HOW 0T 0S ULT0MATELY 0NTEGRATED 0NTO TEACH0NG%

/HE THES0S THEREFORE PROV0DES A FOUNDAT0ON FOR FURTHER DEVELOPMENT OF GENERAh
T0ON ENG0NES 0N WH0CH kk<S SUPPORT THE CREAT0ON OF EDUCAT0ONAL MATER0AL WH0LE THE
STRUCTURE OF THE SYSTEM PRESERVES EDUCATOR CONTROL OVER THE DES0GN AND USE OF THAT
MATER0AL%

fl)e FUTURE WORK

/HE RESULTS OF TH0S THES0S PO0NT TO SEVERAL D0RECT0ONS FOR FURTHER DEVELOPMENT OF BOTH
THE GENERAT0ON ARCH0TECTURE AND 0TS EVALUAT0ON% /HE MOST RELEVANT NEXT STEPS CONh
CERN THE TEST0NG COMPONENT: MORE SYSTEMAT0C EVALUAT0ON DUR0NG SYSTEM DEVELOPMENT:
0NTEGRAT0ON 0NTO THE TEACHER WORK5OW: AND FURTHER 0NVEST0GAT0ON OF HOW STUDENTS EXh
PER0ENCE THE GENERATED MATER0AL%

7n



5p QES2LTS AmD D0SC2SS09m

-MPROV0NG TESThCASE GENERAT0ON AND FEEDBACK /EST GENERAT0ON REMA0NS AN
0MPORTANT AREA FOR REfiNEMENT% !UTURE WORK SHOULD DEfiNE THE TARGET EXECUT0ON ENV0h
RONMENT MORE EXPL0C0TLY AND 0MPROVE THE AL0GNMENT BETWEEN THE 0NTENDED PROGRAMh
M0NG BEHAV0OR: THE GENERATED TESTS: AND THE0R FEEDBACK% 4ENERAT0NG AN EXPL0C0T TEST
PLAN BEFORE THE fiNAL TESTS COULD HELP SPEC0FY WH0CH BEHAV0ORS AND COMMON M0STAKES
SHOULD BE CHECKED% /HE ASSOC0ATED FEEDBACK COULD ALSO BE EVALUATED SEPARATELY FOR
WHETHER 0T 0S UNDERSTANDABLE AND ACT0ONABLE FOR BEG0NN0NG PROGRAMMERS%

lORE SYSTEMAT0C EVALUAT0ON DUR0NG SYSTEM DEVELOPMENT /HE EVALUAT0ON
PERFORMED ON THE fiNAL EXERC0SEhGENERAT0ON LAYER COULD BE 0NTEGRATED MORE D0RECTLY
0NTO FUTURE DEVELOPMENT 0TERAT0ONS% ’ATHER THAN US0NG REPEATEDhRUN AND REfiNEMENT
ANALYSES MA0NLY TO EVALUATE A COMPLETED VERS0ON: S0M0LAR EVALUAT0ONS COULD FUNCT0ON
AS A RECURR0NG BENCHMARK WHENEVER A GENERAT0ON: EVALUAT0ON: OR REfiNEMENT COMPOh
NENT 0S MOD0fiED% /H0S WOULD MAKE 0T EAS0ER TO DETERM0NE WHETHER A CHANGE 0MPROVES
THE 0NTENDED COMPONENT W0THOUT 0NTRODUC0NG PROBLEMS ELSEWHERE 0N THE P0PEL0NE%

-NTEGRAT0ON 0NTO THE TEACHER WORK5OW � NEXT STEP 0S TO DEVELOP A TEACHERh
FAC0NG 0NTERFACE AND EVALUATE THE ARCH0TECTURE DUR0NG ACTUAL LESSON PREPARAT0ON% /HE
CURRENT TEACHER AND DOMA0NhEXPERT EVALUAT0ONS REQU0RED PART0C0PANTS TO ASSESS COMh
PLETE SEQUENCES THROUGH RELAT0VELY EXTENS0VE QUEST0ONNA0RES% /H0S PROV0DED USEFUL
FEEDBACK: BUT 0T ALSO PLACED A CONS0DERABLE EVALUAT0ON BURDEN ON PART0C0PANTS AND
ONLY CAPTURES THE0R iUDGMENT AFTER THE MATER0AL HAS ALREADY BEEN GENERATED%

-NTEGRAT0NG GENERAT0ON AND EVALUAT0ON 0NTO AN 0NTERFACE USED DUR0NG ACTUAL LESSON
PREPARAT0ON WOULD ALLOW THE SYSTEM TO BE STUD0ED 0N A MORE NATURAL SETT0NG% !UTURE
STUD0ES COULD EXAM0NE WH0CH GENERATED EXERC0SES TEACHERS RETA0N: MOD0FY: REORDER:
OR REiECT: PROV0D0NG MORE D0RECT EV0DENCE OF THE REQU0RED ADAPTAT0ON EfORT AND THE
CONTROLS TEACHERS NEED% /HESE 0NTERACT0ONS COULD PROV0DE MORE D0RECT EV0DENCE OF
WHERE THE GENERATOR REDUCES TEACHER EfORT AND WHERE ADAPTAT0ON 0S ST0LL NECESSARY%

/HE SYSTEM COULD ALSO SUPPORT GREATER VAR0AT0ON 0N EXERC0SE AND ACT0V0TY TYPES
AND ALLOW TEACHERS TO CONTROL HOW MUCH SUPPORT0NG OR CONTEXTUAL 0NFORMAT0ON 0S
PRESENTED% !UTURE DEVELOPMENT SHOULD THEREFORE 0NVEST0GATE NOT ONLY THE QUAL0TY OF
0ND0V0DUAL GENERATED ART0FACTS: BUT ALSO HOW TEACHERS AND A GENERAT0ON TOOL CAN WORK
COMPLEMENTARY%

–URTHER EVALUAT0ON FROM THE STUDENT PERSPECT0VE /HE CLASSROOM STUDY PROh
V0DES A fiRST BAS0S FOR 0DENT0FY0NG HOW STUDENTS EXPER0ENCE THE GENERATED CONTEXTUh
AL0ZED EXERC0SES: BUT THE D0fERENCES BETWEEN STUDENTS 0ND0CATE THAT TH0S PERSPECT0VE
SHOULD BE 0NVEST0GATED FURTHER% �DD0T0ONAL CLASSROOM STUD0ES COULD 0NVEST0GATE WH0CH
CHARACTER0ST0CS OF THE EXERC0SES GENERATED BY THE ARCH0TECTURE CONTR0BUTE TO D0fERENT
STUDENT EXPER0ENCES% /HESE fiND0NGS COULD THEN BE USED TO 0MPROVE THE STUDENTh
PERSPECT0VE EVALUAT0ON COMPONENT OF THE GENERAT0ON ARCH0TECTURE% ’ATHER THAN REh
LY0NG PR0MAR0LY ON GENERAL PEDAGOG0CAL CR0TER0A: TH0S EVALUATOR COULD 0NCREAS0NGLY
0NCORPORATE EMP0R0CAL fiND0NGS ABOUT HOW THE TARGET STUDENTS ACTUALLY EXPER0ENCE
THE GENERATED EXERC0SES%
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* Required

Een verkennend onderzoek naar informatica-leerdoelen binnen BCSW

Introductie

Dit formulier kadert binnen een onderzoek van de KU leuven naar het realiseren van de informatica-doelstellingen in de derde graad secundair onderwijs, specifiek binnen de

studierichting Biotechnologische en Chemische STEM-wetenschappen (BCSW).

Het doel van deze vragenlijst is om de huidige onderwijspraktijk en context in kaart te brengen: hoe informaticadoelen worden aangebracht, welk lesmateriaal wordt ge-

bruikt, hoe leerlingenmotivatie wordt ervaren, en in welke mate programmeeronderwijs wordt gekoppeld aan vakinhouden zoals biologie.

De resultaten van deze bevraging vormen een eerste verkennende stap en zullen gebruikt worden om in een volgende fase ondersteunend lesmateriaal en programmeeroe-

feningen te ontwerpen en te verfijnen.

Uw antwoorden worden anoniem verwerkt en uitsluitend gebruikt voor onderzoeksdoeleinden. Er zijn geen juiste of foute antwoorden; we zijn vooral geïnteresseerd in uw er-

varingen en inzichten als leerkracht.

Het invullen van deze vragenlijst duurt ongeveer 10–15 minuten. U kan op elk moment stoppen indien u dat wenst.

Contact:Heeft u vragen, dan kan u mij steeds contacteren via: gino.vancleemput@student.kuleuven.be

Achtergrond leerkracht

In deze eerste sectie verzamelen we enkele algemene gegevens over uw leservaring en achtergrond.

Deze informatie helpt ons om de antwoorden in de rest van de vragenlijst beter te kunnen interpreteren.

Biologie

Chemie

Informaticawetenchappen/equivalent

Other

Voor welke vakken geeft u momenteel les in de derde graad? *

Minder dan 2 jaar

2-5 jaar

6-10 jaar

Meer dan 10 jaar

Hoeveel jaar ervaring heeft u met lesgeven? *

Geen formele opleiding

Basis via lerarenopleiding

Nascholingen / bijscholingen

Zelfstudie

In welke mate beschikt u over voorkennis of bijkomende opleiding voor het vak informaticawetenschappen/equivalent? *

Als u dit wenst, mag u de bovenstaande vraag wat meer toelichten (optioneel).

Organisatie van de informatica-leerdoelen binnen de school

In deze sectie focussen we op hoe de informatica-leerdoelen binnen uw school worden georganiseerd en aangeboden. We kijken naar de plaats van deze leerdoelen binnen het

curriculum en naar eventuele samenwerking tussen leerkrachten.
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Als een apart vak informaticawetenschappen

Geïntegreerd in andere vakken (bv. STEM, wetenschappen)

Zowel apart als geïntegreerd

Other

Op welke manier worden de informaticadoelen op uw school aangeboden? *

Gelijk doorheen het hele jaar

Enkel in het eerste semester

Enkel in het tweede semester

Other

Hoe wordt het gegeven curriculum verspreid over de tijd? *

Lesgever

Co-teacher

Vakcoördinator

Other

Welke rol neemt u zelf op in het realiseren van de informaticadoelen op uw school? *

1 = helemaal niet → 5 = zeer intensief

In welke mate wordt er samengewerkt tussen leerkrachten van verschillende vakken bij het aanbrengen van informaticadoelen? *

1 2 3 4 5

Hoe vaak
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Terminologie

Gelezen

In de rest van deze vragenlijst gebruiken we:

de term “informaticawetenschappen/equivalent” als verzamelterm voor het aanleren van informatica-leerdoelen, ongeacht of

deze worden aangeboden als een apart vak of geïntegreerd binnen andere vakken (zoals STEM of wetenschappen). *
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Motivatie van leerlingen

In dit onderdeel peilen we naar uw ervaringen met de motivatie en interesse van leerlingen voor informaticawetenschappen.

1 = totaal niet gemotiveerd → 5 = zeer gemotiveerd

Hoe ervaart u de motivatie van leerlingen voor het vak informaticawetenschappen/equivalent? *

1 2 3 4 5

1 = totaal geen verschil → 5 = zeer groot verschil

Merkt u verschillen in motivatie of interesse tussen verschillende studierichtingen (voor het vak informaticawetenschappen/

equivalent)? *

1 2 3 4 5

Welke factoren lijken volgens u dit verschil te veroorzaken? (optioneel)

Motivatie

Verschil
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Gebruik van lesmateriaal en digitale platformen

Deze sectie gaat over het lesmateriaal dat u gebruikt voor informaticawetenschappen/equivalent. Afhankelijk van uw situatie volgen er vragen over het gebruik van eTeacher,

een ander digitaal platform, of zelfontwikkeld lesmateriaal.

Ja, ik gebruik eTeacher

Ja, ik gebruik een ander platfrom (gelijkaardig aan eTeacher)

Nee, ik gebruik geen specifiek platform

Other

eTeacher is een online leerplatform met interactieve lespakketten voor het secundair onderwijs waarin leerlingen op eigen tempo leren programmeren met theorie,

oefeningen en automatische feedback.

Maakt u gebruik van eTeacher of een gelijkaardig digitaal platform om informaticawetenschappen/equivalent te geven? *
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eTeacher

De volgende vragen focussen specifiek op uw ervaringen met eTeacher.

(Met context bedoelen we dat programmeerconcepten worden aangebracht aan de hand van herkenbare situaties of vakinhouden uit andere vakken, zoals biologie)

1 = helemaal niet → 5 = volledig

Sluit de huidige context in eTeacher voldoende aan bij de leefwereld van leerlingen uit BCSW? *

1 2 3 4 5

1 = nooit ->5 = altijd

Hoe vaak gebruikt u de volgende bronnen voor uw lesmateriaal in informaticawetenschappen/equivalent? *

1 2 3 4 5

Sluit het aan?

Ik maak mijn

eigen les

materiaal

Ik gebruik

bestaand

lesmateriaal dat

niet afkomstig

is van eTeacher

Ik gebruik

lesmateriaal uit

eTeacher
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Een ander digitaal platform

Indien u een ander digitaal platform gebruikt, peilen we hier naar uw ervaringen.

(Met context bedoelen we dat programmeerconcepten worden aangebracht aan de hand van herkenbare situaties of vakinhouden uit andere vakken, zoals biologie)

Wat is de naam van dit platform? *

1 = helemaal niet → 5 = volledig

Sluit de huidige context in dit platform voldoende aan bij de leefwereld van leerlingen uit BCSW? *

1 2 3 4 5

1 = nooit ->5 = altijd

Hoe vaak gebruikt u de volgende bronnen voor uw lesmateriaal in informaticawetenschappen/equivalent? *

1 2 3 4 5

Sluit het aan?

Ik maak mijn

eigen les

materiaal

Ik gebruik

bestaand

lesmateriaal dat

niet afkomstig

is van dit

digitaal

platform

Ik gebruik

lesmateriaal

afkomstig van

dit digitaal

platform
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Maakt geen gebruik van een specifiek platform

Indien u geen specifiek digitaal platform gebruikt, focust deze sectie op uw eigen lesmateriaal en bestaand materiaal dat u inzet in de lessen informaticawetenschappen.

(Met context bedoelen we dat programmeerconcepten worden aangebracht aan de hand van herkenbare situaties of vakinhouden uit andere vakken, zoals biologie)

1 = helemaal niet → 5 = volledig

Sluit de huidige context van u lesmateriaal voldoende aan bij de leefwereld van leerlingen uit BCSW? *

1 2 3 4 5

1 = nooit ->5 = altijd

Hoe vaak gebruikt u de volgende bronnen voor uw lesmateriaal in informaticawetenschappen/equivalent? *

1 2 3 4 5

Sluit het aan?

Ik maak mijn

eigen

lesmateriaal

Ik gebruik

bestaand

lesmateriaal.
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Type oefeningen

In deze sectie vragen we u om verschillende types programmeeroefeningen te beoordelen. We bekijken in welke mate deze oefeningen volgens u geschikt zijn voor het aan-

leren van verschillende informatica-leerdoelen, zoals basisbegrippen, programmeervaardigheden, datastructuren en algoritmisch denken.

1 = helemaal niet geschikt -> 5 = zeer geschikt

Hoe geschikt vindt u de volgende types oefeningen voor het aanleren van: Basisbegrippen & programmeerfundamenten?

(Focus op begincompetenties, basislogica en eerste programmeertaalconcepten.) *

1 2 3 4 5

1 helemaal niet geschikt -> 5= zeer geschikt

Hoe geschikt vindt u de volgende types oefeningen voor het aanleren van: Kern van het Programmeren?

(Focus op control flow, variabelen, lussen, functies en conditionals.) *

1 2 3 4 5

1 helemaal niet geschikt -> 5= zeer geschikt

Hoe geschikt vindt u de volgende types oefeningen voor het aanleren van: Datastructuren?

(Focus op representatie van data en efficiënt gebruik van structuren, vb lijsten, mappen, bomen,...) *

1 2 3 4 5

Gesloten

opdrachten

Opdrachten die

stapsgewijs

opbouwen naar

een groter

geheel

Contextopdrach

ten

Projectopdracht

en

Interactieve

oefeningen

Gesloten

opdrachten

Opdrachten die

stapsgewijs

opbouwen naar

een groter

geheel

Contextopdrach

ten

Projectopdracht

en

Interactieve

oefeningen

Gesloten

opdrachten

Opdrachten die

stapsgewijs

opbouwen naar

een groter

geheel

Contextopdrach

ten

Projectopdracht

en

Interactieve

oefeningen
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1 helemaal niet geschikt -> 5= zeer geschikt

Hoe geschikt vindt u de volgende types oefeningen voor het aanleren van: Algoritmes & probleemoplossing? (Focus op

algoritmische technieken, recursie, zoeken, sorteren en numeriek werken.) *

1 2 3 4 5

Gesloten

opdrachten

Opdrachten die

stapsgewijs

opbouwen naar

een groter

geheel

Contextopdrach

ten

Projectopdracht

en

Interactieve

oefeningen
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Contextualisering van het vak Informaticawetenschappen/equivalent

In het laatste deel van de vragenlijst richten we ons op contextualisering en interdisciplinair onderwijs, met een focus op koppelingen tussen programmeren en biologie.

(Contextualisering betekent dat programmeerconcepten worden aangeleerd aan de hand van herkenbare situaties of vakinhouden uit andere vakken, zoals biologie)

1 = helemaal niet → 5 = zeer helpend

Welke ondersteuning zou u het meeste helpen bij het geven van gecontextualiseerde informaticalessen binnen BCSW? *

1 2 3 4 5

(Succesvol = realiseren van leerplandoelen én verhogen van betrokkenheid en motivatie.)

(Open antwoord)

Welke voorwaarden moeten volgens u vervuld zijn om interdisciplinaire programeeroefeningen met biologie-concepten succesvol in

te voeren binnen uw school? *

Kant-en-klare

oefeningen

Voorbeeldlesse

n

Handleiding

voor leraren

Oefeningen

met

differentiatie
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This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

Microsoft Forms

Einde

Hartelijk dank voor het invullen van deze vragenlijst! Uw input is van grote waarde voor dit onderzoek.

Indien u interesse heeft om in een volgende fasemee te werken aan het evalueren van programmeeroefeningen of aan het testen van (onderdelen van) een curriculum,

neem dan contact op via: gino.vancleemput@student.kuleuven.be

Leerkrachten die deelnemen aan deze volgende fase krijgen toegang tot het bijhorende lesmateriaal.

Vergeet niet op Verzenden te klikken om uw antwoorden in te dienen.
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Intro:

School waar je les geeft? :

Graad waar je les geeft? :

A. Achtergrond & Leerlingen

1.1 Wat is uw achtergrond en huidige vakkenpakket?

– Welke vakken geeft u?

– Wat is uw opleiding?

1.2 Heeft u een formele opleiding in informatica of informaticadidactiek

gevolgd?

– Zo nee: hoe heeft u zichzelf voorbereid op het geven van dit vak? (zelfstudie,

materiaal collega’s, trainingen, YouTube, etc.)

1.3 Hoeveel ervaring heeft umet het geven van informaticawetenschappen /

programmeren?

– Hoeveel jaar?

– In welke graden of richtingen?

B. Huidigemanier van lesgeven & Oefeningen(gefocust op informatica)

2.1 Hoewordt informaticamomenteel op uw school gegeven?

– Apart vak of geïntegreerd met andere vakken?

– Wordt er aan co-teaching gedaan?

2. Hoe zou u uwmanier van lesgeven omschrijven?

• Volgt u bepaalde pedagogische principes of methodieken?

• Hoe structureert u doorgaans een les?

• Welke aanpak werkt volgens u het beste?

3. Hoe kiest u de oefeningen of opdrachten die u gebruikt, en welke soorten werken

het beste voor uw leerlingen?
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• Kleine, afgebakende oefeningen of eerder opdrachten die stapsgewijs uitbreiden?

• Projecten, contextopdrachten, real-life voorbeelden?

•Hoe beoordeeld/evalueert u oefeningen

• geef u verschillende oefeningen afhankelijk van de student?

3.2 heb je de indruk dat studenten de oefeningen leuk vinden, dat ze gemotiveerd

zijn

4. Wat vinden leerlingenmoeilijk aan informatica / programmeren?

5.Welke digitale middelen gebruiken u en uw leerlingen tijdens de lessen, en hoe

goed werkt dit in de praktijk?

• Laptop, tablet?

• Zijn er beperkingen of praktische drempels?

• Verschillen tussen klasgroepen?

6. Gebruikt u zelf tools zoals ChatGPT of andere LLM’s bij de voorbereiding van

lessen?

• Waarvoor gebruikt u ze?

• Welke voordelen ervaart u?

• Heeft u ook bedenkingen of grenzen?

• Merkt u dat leerlingen LLM’s gebruiken, en hoe beïnvloedt dat de lessen?

6.1 Wat mogen leerlingen gebruiken tijdens hetmaken van oefeningen

-google

-LLM zoals chatgpt

7. Hoe ziet de tijdlijn of volgorde eruit waarin u de verschillende onderdelen van

informaticawetenschappen behandelt?

• Welke topics komen eerst, en waarom?

• Verschilt de planning per richting of klasgroep?

• Hoe flexibel bent u in deze volgorde (strikt curriculum vs. ruimte om te schuiven)?

• Zijn er onderdelen die u graag anders zou willen inplannen, en waarom?

D. Contextualisering & Interdisciplinair Werken

8. In welkemate gebruikt u context, real-life toepassingen of voorbeelden in uw

lessen?

• Wat werkt goed?

• Wat werkt minder goed?

• Hoe reageren leerlingen op contextopdrachten?
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9. Hoe kijkt u aan tegen het contextualiseren van programmeeroefeningenmet

eenvoudige concepten uit biologie?

• Bijvoorbeeld: “vergelijk 2 dna sequenties -> vind de langste substring, vergelijk base”

• Zou dit motivatie kunnen verhogen?

• Wat zijn mogelijke drempels of aandachtspunten?

9.2Welke voorwaardenmoeten volgens u vervuld zijn om interdisciplinaire ICT–

biologie–chemie oefeningen succesvol te gebruiken?

(open antwoord)

10.Werkt u soms samenmet leerkrachten van andere vakken of hoe ziet de samen

werking eruit?

• Op welke manieren gebeurt dit eventueel?

• Zou u openstaan voor meer samenwerking?

• Welke drempels ziet u (tijd, afstemming, praktische organisatie)?

E. Noden &Ondersteuning

11.Wat zijn volgens u de grootste uitdagingen in het huidige curriculum of bij het

lesgeven in uw vak(informatica wetenschappen)?

• Conceptuele moeilijkheden (loops, variabelen, abstractie)?

• Motivatieproblemen?

• Niveauverschillen?

• Infrastructuur of tijdsdruk?

12.Wat zou u hetmeest helpen om uw lessen te versterken?

• Kant-en-klare oefeningen?

• Interdisciplinaire voorbeelden?

• Differentiatie?

• Tools, begeleiding of materiaal?

• Samenwerking met collega's?

6. Slot

13. Is er nog iets dat u belangrijk vindt ommee te geven dat we nog niet besproken

hebben?

• Ideeën, zorgen, kansen?

• Toekomstvisie op het vak?
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* Required

Onderzoek motivatie informaticawetenschappen

Bedankt om deel te nemen aan ons onderzoek over je motivatie voor informaticawetenschappen!Hieronder vind je enkele vragen, gelieve deze te beantwoorden.Als er iets

niet duidelijk is, mag je dit steeds laten weten.

Onderzoek motivatie informaticawetenschappen https://forms.cloud.microsoft/Pages/DesignPageV2.aspx?origin=NeoPo...
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Lees elke uitspraak zorgvuldig en duid aan in welke mate deze jouw reden weerspiegelt om deel te nemen aan het vak

Informaticawetenschappen. Gebruik de onderstaande schaal:

1 = Helemaal niet

2 = Zeer weinig

3 = Weinig

4 = Matig

5 = Voldoende

6 = Veel

7 = Helemaal

Waarom ben je op dit moment gemotiveerd voor het vak Informaticawetenschappen? *

1.

1 2 3 4 5 6 7

Omdat ik dit

vak interessant

vind

Omdat ik het

volg voor mijn

eigen

ontwikkeling

Omdat het

verplicht is in

mijn

studierichting

Er zijn

misschien

goede redenen

om dit vak te

volgen, maar

persoonlijk zie

ik die niet

Omdat ik dit

vak leuk vind

Omdat ik denk

dat dit vak

goed is voor

mijn toekomst

Omdat het iets

is wat ik moet

doen

Ik volg dit vak,

maar ik weet

niet zeker of het

de moeite

waard is

Omdat ik

plezier beleef

aan dit vak

Omdat ik er zelf

voor gekozen

heb

Omdat ik geen

andere keuze

heb

Ik weet het niet;

ik zie niet wat

dit vak mij

oplevert

Omdat ik me

goed voel

tijdens dit vak

Omdat ik

geloof dat dit

vak belangrijk is

voor mij

Omdat ik het

gevoel heb dat

ik het moet

volgen

Ik volg dit vak,

maar ik twijfel

of het zinvol is

om ermee door

te gaan

Onderzoek motivatie informaticawetenschappen https://forms.cloud.microsoft/Pages/DesignPageV2.aspx?origin=NeoPo...
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This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

Microsoft Forms

Uniek ID

Gelieve dit niet te veranderen en dien de form in!

Uniek ID *2.
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Post bevraging Onderzoek motivatie informaticawetenschappen

Motivatie meting na interventie

Bedankt om deel te nemen aan ons onderzoek over je motivatie voor informaticawetenschappen! Hieronder vind je enkele vragen, gelieve deze te beantwoorden.

Als er iets niet duidelijk is, mag je dit steeds laten weten.

Wanneer u dit formulier indient, worden uw gegevens, zoals naam en e-mailadres, niet automatisch verzameld, tenzij u het zelf opgeeft.

Post bevraging Onderzoek motivatie informaticawetenschappen https://forms.cloud.microsoft/Pages/DesignPageV2.aspx?origin=NeoPo...
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Lees elke uitspraak zorgvuldig en duid aan in welke mate deze jouw reden weerspiegelt om deel te nemen aan het vak

Informaticawetenschappen.

Waarom ben je op dit moment gemotiveerd voor het vak informaticawetenschappen? *

1.

1 =

Helemaal

niet

2 = Zeer

weinig
3 = Weinig 4 = Matig

5 =

Voldoende
6 = Veel

7 =

Helemaal

Omdat ik het

vak interessant

vind

Omdat ik het

volg voor mijn

eigen

ontwikkeling

Omdat het

verplicht is in

mijn

studierichting

Er zijn

misschien

goede redenen

om dit vak te

volgen, maar

persoonlijk zie

ik die niet

Omdat ik dit

vak leuk vind

Omdat ik denk

dat dit vak

goed is voor

mijn toekomst

Omdat het iets

is wat ik moet

doen

Ik volg dit vak,

maar ik weet

niet zeker of het

de moeite

waard is

Omdat ik

plezier beleef

aan dit vak

Omdat ik er zelf

voor gekozen

heb

Omdat ik geen

andere keuze

heb

Ik weet het niet;

ik zie niet wat

dit vak mij

oplevert

Omdat ik me

goed voel

tijdens dit vak

Omdat ik

geloof dat dit

vak belangrijk is

voor mij

Omdat ik het

gevoel heb dat

ik het moet

volgen

Ik volg dit vak,

maar ik twijfel

of het zinvol is

om ermee door

te gaan
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Verduidelijking en achterliggende informatie

Kies voor elk van de volgende vragen één/meer van de gegeven oefeningen. Je kan eventueel de oefeningen terug openzetten in een apart tabblad. Als je nog niet alle oefenin-

gen maakte, kies je uit de oefeningen die je al wel maakte.

1.4

2.4

3.4

4.7

Geen

Welke oefeningen vond je fijn/leuk om te maken? *2.

1.4

2.4

3.4

4.7

Geen

Welke oefeningen vond je niet fijn/leuk om te maken? *3.

1.4

2.4

3.4

4.7

Geen

Welke oefeningen vond je gemakkelijk? *4.

1.4

2.4

3.4

4.7

Geen

Welke oefeningen vond je moeilijk? *5.
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Verduidelijking en achterliggende informatie

We willen graag weten welke oefeningen jij oploste en hoe ver je geraakte.

Ja

Nee

Loste je oefeningen op met een biologische context? *6.

Geef het nummer van de laatste oefening die je maakte. *7.
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Verduidelijking en achterliggende informatie

In dit laatste deel volgen nog enkele score vragen, geef aan in welke mate je het eens bent met de volgende stellingen.

Beantwoord de volgende stelling *8.

Veel minder

goed
Minder goed

Iets minder

goed

Geen

verschil
Iets beter Beter Veel beter

Beantwoord de volgende stelling *9.

Helemaal

niets

bijgeleerd

Zeer weinig

bijgeleerd

Weinig

bijgeleerd

Matig

bijgeleerd

Veel

bijgeleerd

Zeer veel

bijgeleerd

Heel veel

bijgeleerd

Geef aan of er

een verschil was

tussen de

voorbije drie

lessen en de

lessen daarvoor.

(Een les kan

verschillen op

vlak van beleefd

plezier,

niveau,…)

Leerde je veel

bij over

informatica
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In welke mate ben je het eens met de volgende stellingen? *10.

Helemaal oneens Oneens Neutraal Eens Helemaal eens

De biologische

context maakte

de

programmeero

efeningen

interessanter

dan

gelijkaardige

oefeningen

zonder context.

De biologische

context maakt

het nut van de

programmeero

efeningen

duidelijker.

Ik zou deze

programmeero

efeningen liever

zonder

biologische

context maken.

Het niveau van

het

programmeren

was haalbaar.

Ik moest tijdens

de oefening

extra nadenken

over de

biologische

context om te

begrijpen wat

er gevraagd

werd.

De combinatie

van biologie en

programmeren

maakte de

oefening

onnodig

ingewikkeld.

De biologische

context hielp

mij om beter te

begrijpen wat

het programma

moest doen.

Tijdens deze

oefening voelde

ik me mentaal

overbelast of

gefrustreerd.

De biologische

context was

gemakkelijk te

begrijpen.
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This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

Microsoft Forms

Uniek ID

Gelieve dit niet te veranderen en dien de form in!

Uniek ID *11.

Post bevraging Onderzoek motivatie informaticawetenschappen https://forms.cloud.microsoft/Pages/DesignPageV2.aspx?origin=NeoPo...

7 of 7 10/08/2026, 05:21

ap bLASSR99M rT2Dx .2EST09mmA0RE -mSTR2MEmTS

oz3



�PPEND0w b

/EACHER AND ,OMA0NhdwPERT
dVALUAT0ON -NSTRUMENTS

b)o /EACHER .UEST0ONNA0RE

ozt



* Required

Evaluatie van oefenreeksen met gecontextualiseerde programmeeroefeningen

Bedankt om deel te nemen aan deze studie in het kader van mijn masterproef aan KU Leuven.

Deze vragenlijst peilt naar de bruikbaarheid van automatisch gegenereerde programmeeroefeningen binnen een biologische context. U krijgt drie korte oefenreeksen te

zien.Voor elke reeks geldt het volgende:

• De reeks bestaat uit vijf oefeningen.

• De reeks is bedoeld als een eerste stap binnen een bepaald programmeerconcept.

• De reeks behandelt dus niet het volledige programmeerconcept.

• Bij elke reeks wordt vermeld wat het doel van de reeks is.

• Er wordt aangegeven welke programmeerconcepten als voorkennis worden verondersteld.

• Er wordt ook aangegeven welke subtopics binnen de scope vallen en welke onderdelen bewust buiten beschouwing blijven.

Bij elke oefening worden ook beschrijvende testcases getoond. Deze geven aan wat er getest wordt en welke feedback een leerling zou krijgen bij fouten.

Let daarbij vooral op of de feedback duidelijk en bruikbaar is voor leerlingen die hun fouten proberen te begrijpen.

Beoordeel elke reeks in functie van het afgebakende doel, de vermelde voorkennis en de opgegeven scope.

Achtergrond Informatie

Welke vakken geeft u ? *1.

Hoeveel jaar geeft u les? *2.

Eerste reeks oefeningen variabelen

Neem bij het beantwoorden van deze vragen, reeks "Variabelen.pdf" erbij.

Beoordeel de 5 oefeningen als één geheel. Baseer je antwoord op je algemene indruk van de reeks, niet op één losse oefening. Wanneer één oefening duidelijk zwakker is dan de

rest, kan je dat verderop apart aanduiden en kort toelichten.
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Focus bij dit onderdeel:

• Beoordeel of de oefeningen duidelijk zijn voor leerlingen

• Beoordeel of de biologische context het programmeren ondersteunt of net bemoeilijkt.

Duidelijkheid en bruikbaarheid *3.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

Focus bij dit onderdeel:

• Beoordeel of de aangeboden ondersteuning leerlingen helpt om tot een oplossing te komen, zonder de oplossing volledig weg te geven.

• Let bij de testcases vooral op of de feedback leerlingen helpt om hun fouten beter te begrijpen.

Ondersteuning bij het leren *4.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

De probleem

stellingen van

de oefeningen

geeft duidelijke

instructies aan

de leerlingen.

De probleem

stelling van de

oefeningen

geeft teveel

informatie in

een keer

De biologie

context leidt de

leerling te veel

af van het

eigenlijke

programmeerd

oel

Uit de

probleemstellin

gen is

voldoende

duidelijk welke

programmeerco

ncepten

leerlingen

nodig hebben

om de

oefeningen op

te lossen.

De templates

bieden een

gepast niveau

van

ondersteuning.

De templates

bieden genoeg

ondersteuning

zonder te veel

van het

antwoord weg

te geven.

De

modeloplossing

en zijn duidelijk

en bruikbaar

vanuit

didactisch

oogpunt.

De beschreven

test cases helpt

leerlingen om

hun fouten

beter te

begrijpen.
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Focus bij dit onderdeel:

Beoordeel of de reeks geschikt is als eerste kennismaking met het programmeerconcept. Let daarbij op:

• de opbouw

• de moeilijkheidsgraad

• het aantal nieuwe elementen

• de bruikbaarheid in de klas.

Kwaliteit van de reeks *5.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

Geen aanpassingen nodig

Kleine aanpassingen nodig

Matige aanpassingen nodig

Grote aanpassingen nodig

Ik zou deze reeks niet gebruiken

Hoe uitgebreid zouden de aanpassingen moeten zijn voordat u deze reeks in de klas zou gebruiken? *6.

Licht uw antwoord op de vorige vraag kort toe. *7.

Wat is volgens u de belangrijkste aanpassing die nodig is om deze reeks bruikbaar te maken in de klas? *8.

Was er een oefening die qua bruikbaarheid duidelijk zwakker was dan de andere? Zo ja, welke en waarom? *9.

De reeks sluit

goed aan bij

het

vooropgestelde

leerdoel.

De reeks is

geschikt voor

leerlingen die

dit

programmeerco

ncept voor het

eerst leren.

De reeks is

logisch

opgebouwd,

met een

geleidelijke en

gepaste

toename in

moeilijkheid.

Er worden te

veel nieuwe

elementen

tegelijk

geïntroduceerd.

De reeks helpt

leerlingen om

het concept

stap voor stap

te begrijpen.

Ik zou dit soort

materiaal

gebruiken in

mijn eigen

lessen
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Tweede reeks oefeningen conditionals

Neem bij het beantwoorden van deze vragen, reeks "Conditionals.pdf" erbij.

Beoordeel de 5 oefeningen als één geheel. Baseer je antwoord op je algemene indruk van de reeks, niet op één losse oefening. Wanneer één oefening duidelijk zwakker is dan de

rest, kan je dat verderop apart aanduiden en kort toelichten.

Focus bij dit onderdeel:

• Beoordeel of de oefeningen duidelijk zijn voor leerlingen

• Beoordeel of de biologische context het programmeren ondersteunt of net bemoeilijkt.

Duidelijkheid en bruikbaarheid *10.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

Focus bij dit onderdeel:

• Beoordeel of de aangeboden ondersteuning leerlingen helpt om tot een oplossing te komen, zonder de oplossing volledig weg te geven.

• Let bij de testcases vooral op of de feedback leerlingen helpt om hun fouten beter te begrijpen.

Ondersteuning bij het leren *11.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

De probleem

stellingen van

de oefeningen

geeft duidelijke

instructies aan

de leerlingen.

De probleem

stelling van de

oefeningen

geeft teveel

informatie in

een keer

De biologie

context leidt de

leerling te veel

af van het

eigenlijke

programmeerd

oel

De templates

bieden een

gepast niveau

van

ondersteuning.

De templates

bieden genoeg

ondersteuning

zonder te veel

van het

antwoord weg

te geven.

De

modeloplossing

en zijn duidelijk

en bruikbaar

vanuit

didactisch

oogpunt.

De beschreven

test cases helpt

leerlingen om

hun fouten

beter te

begrijpen.
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Focus bij dit onderdeel:

Beoordeel of de reeks geschikt is als eerste kennismaking met het programmeerconcept. Let daarbij op:

• de opbouw

• de moeilijkheidsgraad

• het aantal nieuwe elementen

• de bruikbaarheid in de klas.

Kwaliteit van de reeks *12.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

Geen aanpassingen nodig

Kleine aanpassingen nodig

Matige aanpassingen nodig

Grote aanpassingen nodig

Ik zou deze reeks niet gebruiken

Hoe uitgebreid zouden de aanpassingen moeten zijn voordat u deze reeks in de klas zou gebruiken? *13.

Licht uw antwoord op de vorige vraag kort toe. *14.

Wat is volgens u de belangrijkste aanpassing die nodig is om deze reeks bruikbaar te maken in de klas? *15.

Was er een oefening die qua bruikbaarheid duidelijk zwakker was dan de andere? Zo ja, welke en waarom? *16.

De reeks sluit

goed aan bij

het

vooropgestelde

leerdoel.

De reeks is

geschikt voor

leerlingen die

dit

programmeerco

ncept voor het

eerst leren.

De reeks is

logisch

opgebouwd,

met een

geleidelijke en

gepaste

toename in

moeilijkheid.

Er worden te

veel nieuwe

elementen

tegelijk

geïntroduceerd.

De reeks helpt

leerlingen om

het concept

stap voor stap

te begrijpen.

Ik zou dit soort

materiaal

gebruiken in

mijn eigen

lessen
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Derde reeks oefeningen While loops

Neem bij het beantwoorden van deze vragen, reeks "WhileLoops.pdf" erbij.

Beoordeel de 5 oefeningen als één geheel. Baseer je antwoord op je algemene indruk van de reeks, niet op één losse oefening. Wanneer één oefening duidelijk zwakker is dan de

rest, kan je dat verderop apart aanduiden en kort toelichten.

Focus bij dit onderdeel:

• Beoordeel of de oefeningen duidelijk zijn voor leerlingen

• Beoordeel of de biologische context het programmeren ondersteunt of net bemoeilijkt.

Duidelijkheid en bruikbaarheid *17.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

Focus bij dit onderdeel:

• Beoordeel of de aangeboden ondersteuning leerlingen helpt om tot een oplossing te komen, zonder de oplossing volledig weg te geven.

• Let bij de testcases vooral op of de feedback leerlingen helpt om hun fouten beter te begrijpen.

Ondersteuning bij het leren *18.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

De probleem

stellingen van

de oefeningen

geeft duidelijke

instructies aan

de leerlingen.

De probleem

stelling van de

oefeningen

geeft teveel

informatie in

een keer

De biologie

context leidt de

leerling te veel

af van het

eigenlijke

programmeerd

oel

De templates

bieden een

gepast niveau

van

ondersteuning.

De templates

bieden genoeg

ondersteuning

zonder te veel

van het

antwoord weg

te geven.

De

modeloplossing

en zijn duidelijk

en bruikbaar

vanuit

didactisch

oogpunt.

De beschreven

test cases helpt

leerlingen om

hun fouten

beter te

begrijpen.
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Focus bij dit onderdeel:

Beoordeel of de reeks geschikt is als eerste kennismaking met het programmeerconcept. Let daarbij op:

• de opbouw

• de moeilijkheidsgraad

• het aantal nieuwe elementen

• de bruikbaarheid in de klas.

Kwaliteit van de reeks *19.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

Geen aanpassingen nodig

Kleine aanpassingen nodig

Matige aanpassingen nodig

Grote aanpassingen nodig

Ik zou deze reeks niet gebruiken

Hoe uitgebreid zouden de aanpassingen moeten zijn voordat u deze reeks in de klas zou gebruiken? *20.

Licht uw antwoord op de vorige vraag kort toe. *21.

Wat is volgens u de belangrijkste aanpassing die nodig is om deze reeks bruikbaar te maken in de klas? *22.

Was er een oefening die qua bruikbaarheid duidelijk zwakker was dan de andere? Zo ja, welke en waarom? *23.

De reeks sluit

goed aan bij

het

vooropgestelde

leerdoel.

De reeks is

geschikt voor

leerlingen die

dit

programmeerco

ncept voor het

eerst leren.

De reeks is

logisch

opgebouwd,

met een

geleidelijke en

gepaste

toename in

moeilijkheid.

Er worden te

veel nieuwe

elementen

tegelijk

geïntroduceerd.

De reeks helpt

leerlingen om

het concept

stap voor stap

te begrijpen.

Ik zou dit soort

materiaal

gebruiken in

mijn eigen

lessen
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Vragen na alle 3 reeksen

Reeks 1: variabelen | Reeks 2: conditionals | Reeks 3: while loops

Welke van de 3 reeksen vond u het meest geschikt als introductie op een nieuw programmeerconcept, en waarom? *24.

Welk terugkerend probleem zag u in meerdere reeksen? *25.

Ziet u zichzelf dit soort materiaal gebruiken in uw eigen lessen? *26.

Helemaal niet

akkoord

Eerder niet

akkoord
Neutraal Eerder akkoord Helemaal akkoord

Ziet u zichzelf

dit soort

materiaal

gebruiken in uw

eigen lessen?
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Follow-upgesprek

Bent u bereid om deel te nemen aan een aanvullend interview over de geëvalueerde oefeningenreeksen?

Tijdens dit interview wordt verder ingegaan op de bruikbaarheid van de reeksen, mogelijke verbeterpunten en verwachtingen voor toekomstige iteraties van het systeem.

Ja

Nee

Zou u hieraan willen deelnemen? *27.
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This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

Microsoft Forms

Ik neem graag deel aan het follow-upgesprek

Bedankt dat je wil deelnemen aan het follow-upgesprek. Ik zal verder contact opnemen met u via email om een moment in te plannen.

Wat is uw e-mailadres? *28.
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* Required

Evaluation of exercise sequences with contextualized programming exercises

Thank you for participating in this study as part of my master’s thesis at KU Leuven.

This questionnaire evaluates the usability and quality of automatically generated programming exercises in a biological context.

• Each sequence consists of five exercises.

• Each sequence is intended as a first introduction to a specific programming concept.

• The sequence therefore does not cover the full programming concept.

• For each sequence, the goal of the sequence is stated.

• The assumed prior programming knowledge is also indicated.

• The subtopics that are in scope and the elements that are deliberately out of scope are also specified.

Each exercise also includes descriptive test cases. These indicate what is being tested and what kind of student solutions the test cases are intended to detect. When

reviewing these test cases, please pay particular attention to whether they cover the most important incorrect or incomplete solutions for the exercises

Evaluate each sequence in relation to its stated goal, the assumed prior knowledge, and the specified scope.

Background information

Area of expertise? *1.

Years of experience? *2.

No experience

Limited experience

Moderate experience

Extensive experience

Experience with teaching or evaluating beginner programming? *3.

Exercise sequence 1: Variables

Please use the file “Variables.pdf” when answering the following questions.

Evaluate the 5 exercises as one introductory sequence for a new programming concept. Base your answers on your overall impression of the sequence as a whole, rather than on

any single exercise. Consider content correctness, technical quality, and the way the sequence introduces the concept step by step. If one exercise is clearly weaker than the oth-

ers, you can indicate this later and briefly explain why.
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Focus on:

• whether the exercises are understandable, precise, and complete enough for students to know what they need to do.

Problem statement and task quality *4.

Strongly disagree Disagree Neutral Agree Strongly agree

Focus on:

• whether the model solutions, templates, and described test cases are technically correct and aligned with the intended scope.

Technical correctness *5.

Strongly disagree Disagree Neutral Agree Strongly agree

The problem

statements are

sufficiently clear

and precise.

The exercises

provide enough

information to

solve the tasks

correctly.

The tasks avoid

unnecessary

ambiguity or

multiple valid

interpretations.

The examples,

where provided,

are relevant and

support

understanding

of the task.

The problem

statements

make it

sufficiently clear

which

programming

concepts

students need

to solve the

exercises.

The model

solutions

correctly

implement

what is asked in

the problem

statements.

The model

solutions stay

within the

intended scope

of the exercise.

The described

test cases cover

the most

important

incorrect or

incomplete

solutions for

the exercises.

The templates

provide a

technically

correct starting

structure.
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Focus on:

• whether the sequence works as a first introduction to the target programming concept, without introducing too much at once.

Suitability as an introduction *6.

Strongly disagree Disagree Neutral Agree Strongly agree

Focus on the progression of the sequence as a whole:

• whether the exercises build on each other

• increase gradually in difficulty,

• contribute to the stated end goal.

Sequence design *7.

Strongly disagree Disagree Neutral Agree Strongly agree

No adjustments needed

Minor adjustments needed

Moderate adjustments needed

Major adjustments needed

I would not consider this sequence suitable for use

How extensive would the adjustments need to be before you would consider this sequence suitable for use? *8.

Please briefly explain your answer to the previous question. *9.

The sequence is

appropriate as a

first

introduction to

the target

programming

concept.

The sequence

introduces the

concept in a

gradual and

manageable

way.

The exercises

do not

introduce too

many new

elements at

once.

The sequence

remains

focused on the

intended

programming

concept

without

unnecessary

detours.

Each exercise

contributes

meaningfully to

the overall

learning goal of

the sequence.

The overall level

of difficulty is

appropriate for

an introductory

sequence.

Earlier exercises

prepare the

learner

sufficiently for

the later ones.

The sequence

reached its

stated end goal.
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What is the main technical or design issue in this sequence? *10.

Was there one exercise that was clearly weaker than the others? If so, which one, and why? *11.
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Exercise sequence 2: Conditionals

Please use the file “Conditionals.pdf” when answering the following questions.

Evaluate the 5 exercises as one introductory sequence for a new programming concept. Base your answers on your overall impression of the sequence as a whole, rather than on

any single exercise. Consider content correctness, technical quality, and the way the sequence introduces the concept step by step. If one exercise is clearly weaker than the oth-

ers, you can indicate this later and briefly explain why.

Focus on:

• whether the exercises are understandable, precise, and complete enough for students to know what they need to do.

Problem statement and task quality *12.

Strongly disagree Disagree Neutral Agree Strongly agree

Focus on:

• whether the model solutions, templates, and described test cases are technically correct and aligned with the intended scope.

Technical correctness *13.

Strongly disagree Disagree Neutral Agree Strongly agree

The problem

statements are

sufficiently clear

and precise.

The exercises

provide enough

information to

solve the tasks

correctly.

The tasks avoid

unnecessary

ambiguity or

multiple valid

interpretations.

The examples,

where provided,

are relevant and

support

understanding

of the task.

The problem

statements

make it

sufficiently clear

which

programming

concepts

students need

to solve the

exercises.

The model

solutions

correctly

implement

what is asked in

the problem

statements.

The model

solutions stay

within the

intended scope

of the exercise.

The described

test cases cover

the most

important

incorrect or

incomplete

solutions for

the exercises.

The templates

provide a

technically

correct starting

structure.
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Focus on:

• whether the sequence works as a first introduction to the target programming concept, without introducing too much at once.

Suitability as an introduction *14.

Strongly disagree Disagree Neutral Agree Strongly agree

Focus on the progression of the sequence as a whole:

• whether the exercises build on each other

• increase gradually in difficulty,

• contribute to the stated end goal.

Sequence design *15.

Strongly disagree Disagree Neutral Agree Strongly agree

No adjustments needed

Minor adjustments needed

Moderate adjustments needed

Major adjustments needed

I would not consider this sequence suitable for use

How extensive would the adjustments need to be before you would consider this sequence suitable for use? *16.

Please briefly explain your answer to the previous question. *17.

The sequence is

appropriate as a

first

introduction to

the target

programming

concept.

The sequence

introduces the

concept in a

gradual and

manageable

way.

The exercises

do not

introduce too

many new

elements at

once.

The sequence

remains

focused on the

intended

programming

concept

without

unnecessary

detours.

Each exercise

contributes

meaningfully to

the overall

learning goal of

the sequence.

The overall level

of difficulty is

appropriate for

an introductory

sequence.

Earlier exercises

prepare the

learner

sufficiently for

the later ones.

The sequence

reached its

stated end goal.
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What is the main technical or design issue in this sequence? *18.

Was there one exercise that was clearly weaker than the others? If so, which one, and why? *19.
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Exercise sequence 3: While loops

Please use the file “Whileloops.pdf” when answering the following questions.

Evaluate the 5 exercises as one introductory sequence for a new programming concept. Base your answers on your overall impression of the sequence as a whole, rather than on

any single exercise. Consider content correctness, technical quality, and the way the sequence introduces the concept step by step. If one exercise is clearly weaker than the oth-

ers, you can indicate this later and briefly explain why.

Focus on :

• whether the exercises are understandable, precise, and complete enough for students to know what they need to do.

Problem statement and task quality *20.

Strongly disagree Disagree Neutral Agree Strongly agree

Focus on:

• whether the model solutions, templates, and described test cases are technically correct and aligned with the intended scope.

Technical correctness *21.

Strongly disagree Disagree Neutral Agree Strongly agree

The problem

statements are

sufficiently clear

and precise.

The exercises

provide enough

information to

solve the tasks

correctly.

The tasks avoid

unnecessary

ambiguity or

multiple valid

interpretations.

The examples,

where provided,

are relevant and

support

understanding

of the task.

The problem

statements

make it

sufficiently clear

which

programming

concepts

students need

to solve the

exercises.

The model

solutions

correctly

implement

what is asked in

the problem

statements.

The model

solutions stay

within the

intended scope

of the exercise.

The described

test cases cover

the most

important

incorrect or

incomplete

solutions for

the exercises.

The templates

provide a

technically

correct starting

structure.
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Focus on:

• whether the sequence works as a first introduction to the target programming concept, without introducing too much at once.

Suitability as an introduction *22.

Strongly disagree Disagree Neutral Agree Strongly agree

Focus on the progression of the sequence as a whole:

• whether the exercises build on each other

• increase gradually in difficulty,

• contribute to the stated end goal.

Sequence design *23.

Strongly disagree Disagree Neutral Agree Strongly agree

No adjustments needed

Minor adjustments needed

Moderate adjustments needed

Major adjustments needed

I would not consider this sequence suitable for use

How extensive would the adjustments need to be before you would consider this sequence suitable for use? *24.

Please briefly explain your answer to the previous question. *25.

The sequence is

appropriate as a

first

introduction to

the target

programming

concept.

The sequence

introduces the

concept in a

gradual and

manageable

way.

The exercises

do not

introduce too

many new

elements at

once.

The sequence

remains

focused on the

intended

programming

concept

without

unnecessary

detours.

Each exercise

contributes

meaningfully to

the overall

learning goal of

the sequence.

The overall level

of difficulty is

appropriate for

an introductory

sequence.

Earlier exercises

prepare the

learner

sufficiently for

the later ones.

The sequence

reached its

stated end goal.
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What is the main technical or design issue in this sequence? *26.

Was there one exercise that was clearly weaker than the others? If so, which one, and why? *27.
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Questions after all three sequences

Sequence 1: variables | Sequence 2: conditionals | Sequence 3: while loops

Which of the 3 sequences was the strongest as an introduction to a new programming concept, and why? *28.

What recurring weakness did you notice across multiple sequences? *29.

What is the single most important improvement you would suggest for these introductory sequences? *30.

Would you consider this type of material suitable for educational use? *31.

Strongly disagree Disagree Neutral Agree Strongly agree

Would you

consider this

type of material

suitable for

educational

use?
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Follow-up interview

Are you willing to take part in a follow-up interview about the evaluated exercise sequences?

During this interview, we will further discuss the quality of the sequences, possible improvements, and expectations for future iterations of the system.

Yes

No

Would you be willing to participate? *32.
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This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form owner.

Microsoft Forms

I would like to participate in the follow-up interview

Thank you for agreeing to participate in the follow-up interview. I will contact you by email to schedule a suitable time.

What is your email address? *33.
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4ENERATED dwERC0SES
-NTRODUCT0ON TO THE EwERC0SE SEQUENCE

/H0S EXERC0SE SEQUENCE 0NTRODUCES VAR0ABLES US0NG A B0OLOG0CAL CONTEXT AROUND ,m� BASES AND ,m�
STRUCTURE% /HE EXERC0SES USE THE NUCLEOBASES �: /: •: AND 4 AS CONCRETE EXAMPLES FOR STOR0NG VALUES 0N
VAR0ABLES%

/HE GOAL OF THE SEQUENCE 0S FOR STUDENTS TO LEARN HOW TO CREATE VAR0ABLES: ASS0GN VALUES: OVERWR0TE VALUES:
AND USE MEAN0NGFUL VAR0ABLE NAMES% /HE FOCUS 0S ON REPRESENT0NG S0MPLE B0OLOG0CAL DATA: SUCH AS A BASE
OR A BASE PA0R%

�SSUMED PR0OR KNOWLEDGE

rTUDENTS ARE ASSUMED TO ALREADY BE FAM0L0AR W0THc

] GENERAL COMPUTER L0TERACY%

/OP0CS W0TH0N SCOPE

] VAR0ABLE ASS0GNMENTs
] L0TERALS SUCH AS STR0NGS AND 0NTEGERSs
] REhASS0GNMENTs
] US0NG VAR0ABLES 0N S0MPLE EXPRESS0ONSs
] NAM0NG VAR0ABLES%

/HE SEQUENCE BU0LDS FROM STOR0NG ONE NUCLEOBASE TO US0NG MULT0PLE VAR0ABLES TO REPRESENT A B0OLOG0CAL
RELAT0ONSH0P: SUCH AS BASE PA0R0NG% aY THE END: STUDENTS USE VAR0ABLES TO RECORD BOTH A NUCLEOBASE SYMBOL
AND 0TS POS0T0ON%

/OP0CS OUTS0DE THE SCOPE

] USER 0NPUTs
] TYPE CAST0NGs
] COMPLEX DATA STRUCTURES SUCH AS L0STSs
] aOOLEAN LOG0Cs
] LOOPSs
] COMPLEX STR0NG OPERAT0ONS SUCH AS SL0C0NG%

dwERC0SE oc rTOR0NG A mUCLEOBASE 0N A uAR0ABLE
bONCEPTS

] _AR0ABLE NAM0NG
] rTR0NG L0TERAL
] �SS0GNMENT OPERATOR p–(
] PR0NTp(

9THER rUBiECT bONCEPTS

] a0OLOGYc ,m� NUCLEOBASES p�DEN0NE: /HYM0NE: •YTOS0NE: 4UAN0NE(

o
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1ROBLEM ,ESCR0PT0ON

,m� CARR0ES HERED0TARY 0NFORMAT0ON AND CONS0STS OF FOUR D0fERENT BU0LD0NG BLOCKS: THE NUCLEOBASESc �DEN0NE p�(:
/HYM0NE p/(: •YTOS0NE p•(: AND 4UAN0NE p4(% /O WORK W0TH TH0S 0NFORMAT0ON 0N A COMPUTER PROGRAM: WE NEED TO
STORE 0T 0N MEMORY US0NG VAR0ABLES%

-N TH0S EXERC0SE: YOU W0LL STORE THE LETTER � 0N A VAR0ABLE% •HOOSE A MEAN0NGFUL NAME FOR YOUR VAR0ABLE: FOR EXAMPLE
N2CLEOBASE: SO THAT SOMEONE READ0NG YOUR CODE 0MMED0ATELY UNDERSTANDS WHAT 0T REFERS TO% /HEN USE THE Pr0NTp(
FUNCT0ON TO D0SPLAY THE VALUE OF YOUR VAR0ABLE ON THE SCREEN%

dXPECTED OUTPUTc

�

rCAfOLDED /EMPLATE

n slblc brEATE A VArzABkE WzTH A MEANzNG!Uk NAME pE)G) NUCkEOBASE( AND ASSzGN zT THE VAkUE "�"

n slblc 2SE THE PrzNTp( !UNCTzON TO DzSPkAY THE CONTENT O! YOUr VArzABkE ON THE SCrEEN

rOLUT0ON bODE

N2CLEOBASE e ’�’
Pr0NTpN2CLEOBASE(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT F0rST STOrES THE ,m� BASE g�g 0N A VAr0ABLE AND THEN
Pr0NTS 0T)��

/HE EwPECTED O2TP2T 0S ONE L0NE W0TH EwACTLY g�g)

-N ADD0T0ON: THE TEST CASE CHECJS WHETHEr THE ST2DENT DOES NOT 2SE A LOWErCASE LETTEr AND DOES
NOT Pr0NT <OrE THAN NECESSArY)��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT Pr0NTS SO<ETH0NG 2S0NG gPr0NTp(g)
h vHETHEr THE ST2DENT Pr0NTS EwACTLY THE 2PPErCASE LETTEr g�g)
h vHETHEr THE ST2DENT DOES NOT ACC0DENTALLY Pr0NT THE LOWErCASE LETTEr gAg)
h vHETHEr THE ST2DENT Pr0NTS ONLY ONE L0NE)
h vHETHEr THE ST2DENT F0rST STOrES THE VAL2E g�g 0N A VAr0ABLE)
h vHETHEr THE ST2DENT DOES NOT ONLY 2SE gPr0NTp"�"(g D0rECTLY W0THO2T A VAr0ABLE)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h g�N ErrOr OCCUrrED WH0LE EwECUT0NG THE CODEc bE{g
h gxOU D0D NOT USE THE Pr0NTp( FUNCT0ON TO D0SPLAY THE VALUE OF THE VAr0ABLE)g
h gmOTEc ,m� BASES ArE ALWAYS Wr0TTEN 0N UPPErCASE LETTErS) xOU Pr0NTED "A" 0NSTEAD OF "�")g
h gxOU Pr0NTED "bACTUALuOUTPUT{": BUT THE EwPECTED OUTPUT 0S "�")g
h gxOUr CODE Pr0NTS TOO MANY L0NES) 2SE Pr0NTp( ONLY TO D0SPLAY THE VALUE OF THE VAr0ABLE)g
h gxOU D0D NOT STOrE THE VALUE "�" 0N A VAr0ABLE) sHE ASS0GNMENT ASJS YOU TO CrEATE A VAr0ABLE

F0rST)g��

3
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dwERC0SE 3c ,m� aASE 1A0RS AND lEAN0NGFUL uAR0ABLES
bONCEPTS

] <ULT0PLE VAR0ABLE NAMES
] �SS0GNMENT OPERATOR p–(
] rTR0NG L0TERALS
] PR0NTp(

9THER rUBiECT bONCEPTS

] a0OLOGY p,m� STRUCTURE(
] •OMPLEMENTARY BASE PA0R0NG p• PA0RS W0TH 4(

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO STORE ONE NUCLEOBASE: SUCH AS �: 0N A VAR0ABLE% -N B0OLOGY: HOWEVER: THESE
BASES FORM fiXED PA0RS% 9NE 0MPORTANT PA0R 0N ,m� 0S •YTOS0NE p•( AND 4UAN0NE p4(% /HEY ALWAYS BELONG TOGETHER%

-N TH0S EXERC0SE: WE W0LL L0NK THE BASE ] TO 0TS PARTNER 4% /O DO TH0S: YOU W0LL USE TWO D0fERENT VAR0ABLES% -T 0S 0MPORTANT
TO G0VE YOUR VAR0ABLES NAMES THAT CLEARLY 0ND0CATE WHAT 0S STORED 0N THEM%

�SS0GNMENTc

o% kOOK AT THE VAR0ABLE F0rSTuBASE 0N THE CODE BELOW%
3% •REATE A SECOND VAR0ABLE AND STORE THE LETTER 4 0N 0T% 40VE TH0S VAR0ABLE A MEAN0NGFUL NAME: FOR EXAMPLE

PArTNEruBASE%
t% 2SE THE Pr0NTp( FUNCT0ON TO D0SPLAY fiRST THE fiRST VAR0ABLE AND THEN THE SECOND VAR0ABLE ON THE SCREEN%

dXPECTED OUTPUTc

]
4

rCAfOLDED /EMPLATE

n rTEP oc /HE !zrST BASE HAS AkrEADY BEEN STOrED zN A VArzABkE
F0rSTuBASE e ’]’

n slblc brEATE A SECOND VArzABkE !Or THE PArTNEr BASE p"f"(
n 2SE A MEANzNG!Uk NAME !Or YOUr VArzABkE

n slblc 2SE THE PrzNTp( !UNCTzON TO DzSPkAY BOTH VArzABkES UNDErNEATH EACH OTHEr

rOLUT0ON bODE

F0rSTuBASE e ’]’
PArTNEruBASE e ’4’
Pr0NTpF0rSTuBASE(
Pr0NTpPArTNEruBASE(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT JEEPS THE Ew0ST0NG VAr0ABLE gF0rSTuBASEg W0TH THE
VAL2E g]g)��

-N ADD0T0ON: THE ST2DENT <2ST CrEATE A SECOND VAr0ABLE W0TH THE VAL2E g4g)

t

•%t% _AR0ABLE EXERC0SE SEQUENCE
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/HE TEST CASE ALSO CHECJS WHETHEr THE TWO VAL2ES ArE Pr0NTED 2NDErNEATH EACH OTHEr 0N THE
COrrECT OrDErc F0rST g]g: THEN g4g)��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT HAS NOT rE<OVED THE VAr0ABLE gF0rSTuBASEg)
h vHETHEr THE ST2DENT JEEPS THE COrrECT VAL2E g]g 0N THE VAr0ABLE gF0rSTuBASEg)
h vHETHEr THE ST2DENT CrEATES A SECOND VAr0ABLE W0TH THE VAL2E g4g)
h vHETHEr THE ST2DENT 2SES THE 2PPErCASE LETTEr g4g 0NSTEAD OF THE LOWErCASE LETTEr gGg)
h vHETHEr THE ST2DENT Pr0NTS EwACTLY TWO L0NES)
h vHETHEr THE ST2DENT Pr0NTS F0rST g]g AND THEN g4g)
h vHETHEr THE ST2DENT 2SES A <EAN0NGF2L NA<E FOr THE SECOND VAr0ABLE)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h gsHE VAr0ABLE F0rSTuBASE WAS NOT FOUND) ,0D YOU ACC0DENTALLY rEMOVE 0Tqg
h gsHE VAr0ABLE F0rSTuBASE MUST CONTA0N THE VALUE ]: NOT bF0rSTuBASE{)g
h gxOU D0D NOT CrEATE A SECOND VAr0ABLE W0TH THE VALUE 4)g
h g1YTHON 0S CASEhSENS0T0VE) 2SE AN UPPErCASE 4 FOr THE NUCLEOBASE)g
h g�N ErrOr OCCUrrED WH0LE Pr0NT0NGc bE{g
h gvE EwPECTED AT LEAST 3 L0NES OF OUTPUT p] AND 4(: BUT rECE0VED bLENpOUTPUTuL0NES({)g
h gxOU Pr0NTED TOO MANY L0NES pbLENpOUTPUTuL0NES({() 1r0NT ONLY THE TWO VAr0ABLES UNDErNEATH

EACH OTHEr)g��

h gsHE F0rST L0NE MUST BE ]: BUT 0T SAYSc bOUTPUTuL0NES}z[{)g
h gsHE SECOND L0NE MUST BE 4: BUT 0T SAYSc bOUTPUTuL0NES}o[{)g
h gsHE NAME OF YOUr SECOND VAr0ABLE pbPArTNEruVAruNAME{( 0S VErY SHOrT) 2SE A MEAN0NGFUL NAME

SUCH AS PArTNEruBASE)g��

dwERC0SE tc 1O0NT lUTAT0ONSc bHANG0NG A aASE
bONCEPTS

] �SS0GNMENT OPERATOR p–(
] rTR0NGS pTEXT(
] PR0NTp( FUNCT0ON
] 9VERWR0T0NG VAR0ABLES pREhASS0GNMENT(

9THER rUBiECT bONCEPTS

] a0OLOGYc ,m� BASE PA0RS
] a0OLOGYc PO0NT MUTAT0ONS

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO STORE A BASE PA0R: SUCH AS •YTOS0NE p•( AND 4UAN0NE p4(: 0N TWO D0fERENT
VAR0ABLES% -N B0OLOGY: HOWEVER: SOMETH0NG CAN CHANGE 0N THE ,m�% /H0S 0S CALLED A MUTAT0ON% -N A PO0NT MUTAT0ON:
ONE BASE 0S REPLACED BY ANOTHER%

-N TH0S EXERC0SE: WE W0LL S0MULATE A PO0NT MUTAT0ON 0N 1YTHON% xOU START W0TH A VAR0ABLE BASE THAT HAS THE VALUE �
p�DEN0NE(% xOUR TASK 0S TO OVERWR0TE TH0S VALUE W0TH THE LETTER 4 p4UAN0NE(%

>0NTc -N THE PREV0OUS EXERC0SE: YOU USED e TO G0VE A VAR0ABLE A VALUE% xOU CAN USE THE SAME SYMBOL TO G0VE AN EX0ST0NG
VAR0ABLE A NEW VALUE% /HE OLD VALUE 0S THEN ERASED AND REPLACED%

�SS0GNMENTc

o% /HE CODE ALREADY CONTA0NS A VAR0ABLE BASE W0TH THE VALUE � AND PR0NTS 0T%
3% 9VERWR0TE THE VAR0ABLE BASE W0TH THE NEW LETTER 4%
t% 1R0NT THE VAR0ABLE BASE AGA0N SO THAT YOU CAN SEE THE D0fERENCE%

fl
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dXPECTED OUTPUTc

�
4

rCAfOLDED /EMPLATE

BASE e ’�’
Pr0NTpBASE(

n slblc #VErWrzTE THE VArzABkE "BASE" WzTH THE NEW VAkUE "f"

n slblc 1rzNT THE NEW VAkUE O! THE VArzABkE "BASE" ON THE SCrEEN

rOLUT0ON bODE

BASE e ’�’
Pr0NTpBASE(
BASE e ’4’
Pr0NTpBASE(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT JEEPS THE Ew0ST0NG VAr0ABLE gBASEg AND OVErWr0TES 0TS
VAL2E TO g4g)��

/HE TEST CASE <A0NLY LOOJS AT THE VAr0ABLE 0TSELF: NOT AT THE Pr0NTED O2TP2T)

/HE EwPECTED S0T2AT0ON 0S THAT gBASEg EVENT2ALLY CONTA0NS THE VAL2E g4g AND 0S ST0LL A STr0NG)

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT 2SES THE Ew0ST0NG VAr0ABLE gBASEg)
h vHETHEr THE ST2DENT CHANGES THE VAL2E OF gBASEg TO g4g)
h vHETHEr THE ST2DENT OVErWr0TES THE VAr0ABLE gBASEg 0NSTEAD OF 2S0NG A NEW VAr0ABLE)
h vHETHEr THE ST2DENT JEEPS gBASEg AS A TEwT VAL2E)
h vHETHEr THE ST2DENT 2SES THE 2PPErCASE LETTEr g4g 0NSTEAD OF THE LOWErCASE LETTEr gGg)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h gsHE VAr0ABLE "BASE" WAS NOT FOUND) <AJE SUrE YOU USE THE Ew0ST0NG VAr0ABLE)g
h gsHE VAr0ABLE "BASE" CUrrENTLY HAS THE VALUE "bBASE{": BUT 0T SHOULD BE "4") ,0D YOU

OVErWr0TE THE VALUE W0TH BASE e "4"qg��

h gsHE VAr0ABLE "BASE" MUST rEMA0N A STr0NG pTEwT(: FOr EwAMPLE "4")g
h g1YTHON 0S CASEhSENS0T0VE) xOU USED "G" 0NSTEAD OF THE UPPErCASE LETTEr "4")g

dwERC0SE flc ,m� aASE 1A0RS AND bLEAR uAR0ABLE mAMES
bONCEPTS

] rTR0NG L0TERAL
] <EAN0NGFUL VAR0ABLE NAMES
] �SS0GNMENT OPERATOR p–(
] PR0NTp(

fi

•%t% _AR0ABLE EXERC0SE SEQUENCE

ott



9THER rUBiECT bONCEPTS

] a0OLOGY p,m� BASE PA0R0NG �h/ AND •h4(

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO CHANGE THE VALUE STORED 0N A VAR0ABLE pREhASS0GNMENT(% -N DOUBLEhSTRANDED
,m�: HOWEVER: BASES ALWAYS OCCUR 0N PA0RSc �DEN0NE p�( PA0RS W0TH /HYM0NE p/(: AND •YTOS0NE p•( PA0RS W0TH
4UAN0NE p4(%

/O KEEP THE CODE CLEAR: 0T 0S 0MPORTANT TO CHOOSE NAMES THAT DESCR0BE EXACTLY WHAT 0S STORED 0N THE VAR0ABLE% -NSTEAD
OF A GENERAL NAME SUCH AS BASE: WE NOW USE LEFTuBASE AND r0GHTuBASE% /H0S 0MMED0ATELY MAKES 0T CLEAR THAT THE
VAR0ABLES REFER TO A PA0R%

�SS0GNMENTc

o% /HE VAR0ABLE LEFTuBASE CURRENTLY HAS THE VALUE �% 9VERWR0TE TH0S VALUE W0TH 4 pA MUTAT0ON(%
3% •REATE A NEW VAR0ABLE NAMED r0GHTuBASE% 40VE 0T THE VALUE THAT PA0RS W0TH 4 ACCORD0NG TO THE RULES OF BASE
PA0R0NG p•(%

t% 2SE THE Pr0NTp( FUNCT0ON TO D0SPLAY fiRST LEFTuBASE AND THEN r0GHTuBASE%

dXPECTED OUTPUTc

4
]

rCAfOLDED /EMPLATE

n vE STArT WzTH THE kE!T BASE "�"
LEFTuBASE e ’�’

n r/d1 oc bHANGE THE VAkUE O! kE!TuBASE TO "f"
n gzNTc 2SE THE ASSzGNMENT OPErATOr pe( AS zN THE PrEVzOUS EwErCzSE
n slblc #VErWrzTE kE!TuBASE WzTH "f"

n r/d1 3c brEATE A NEW VArzABkE !Or THE rzGHT SzDE O! THE PAzr
n /HE COMPkEMENTArY BASE O! "f" zS "b"
n slblc brEATE THE VArzABkE "rzGHTuBASE" AND GzVE zT THE VAkUE "b"

n r/d1 tc 1rzNT BOTH VArzABkES UNDErNEATH EACH OTHEr
n slblc 1rzNT kE!TuBASE
n slblc 1rzNT rzGHTuBASE

rOLUT0ON bODE

LEFTuBASE e ’�’
LEFTuBASE e ’4’
r0GHTuBASE e ’]’
Pr0NTpLEFTuBASE(
Pr0NTpr0GHTuBASE(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT 2SES TWO VAr0ABLES FOr A BASE PA0rc gLEFTuBASEg AND
gr0GHTuBASEg)��

/HE VAL2E OF gLEFTuBASEg <2ST BE OVErWr0TTEN TO g4g)

7
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/HE VAL2E OF gr0GHTuBASEg <2ST BE g]g: THE CO<PLE<ENT OF g4g)

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT HAS DEF0NED THE VAr0ABLE gLEFTuBASEg)
h vHETHEr THE ST2DENT HAS DEF0NED THE VAr0ABLE gr0GHTuBASEg)
h vHETHEr THE ST2DENT COrrECTLY OVErWr0TES gLEFTuBASEg TO g4g)
h vHETHEr THE ST2DENT COrrECTLY SETS gr0GHTuBASEg TO g]g)
h vHETHEr THE ST2DENT 2NDErSTANDS THAT g]g 0S THE CO<PLE<ENT OF g4g)
h vHETHEr THE ST2DENT Pr0NTS EwACTLY TWO L0NES)
h vHETHEr THE ST2DENT F0rST Pr0NTS g4g AND THEN g]g)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h gsHE VAr0ABLE LEFTuBASE 0S NOT DEF0NED)g
h gsHE VAr0ABLE r0GHTuBASE 0S NOT DEF0NED)g
h gsHE VALUE OF LEFTuBASE SHOULD BE 4: BUT 0S NOW bLuBASE{) ,0D YOU OVErWr0TE THE Or0G0NAL �qg
h gsHE VALUE OF r0GHTuBASE SHOULD BE ] pTHE COMPLEMENT OF 4(: BUT 0S NOW bruBASE{)g
h grOMETH0NG WENT WrONG WH0LE Pr0NT0NGc bE{g
h gbLENpL0NES({ L0NES WErE Pr0NTED: BUT WE EwPECTED EwACTLY 3)g
h gsHE F0rST Pr0NTED L0NE MUST BE 4: NOT bL0NES}z[{)g
h gsHE SECOND Pr0NTED L0NE MUST BE ]: NOT bL0NES}o[{)g
h gsEST FA0LEDc bE{g
h g2NEwPECTED ErrOrc bE{g

dwERC0SE fic aASE 1A0RS AND /HE0R 1OS0T0ON
bONCEPTS

] rTR0NG L0TERAL
] -NTEGER L0TERAL
] <EAN0NGFUL VAR0ABLE NAMES
] �SS0GNMENT OPERATOR p–(
] PR0NTp(

9THER rUBiECT bONCEPTS

] ,m� NUCLEOBASES
] aASE PA0R0NG
] ,m� SEQUENCES

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO USE MEAN0NGFUL NAMES SUCH AS LEFTuBASE AND r0GHTuBASE TO DESCR0BE
A BASE PA0R% >OWEVER: A ,m� SEQUENCE 0S A LONG CHA0N OF THESE PA0RS% /O REMEMBER THE ORDER: WE G0VE EACH PA0R A
SEQUENCE NUMBER% /H0S 0S CALLED THE POS0T0ON%

-N TH0S EXERC0SE: WE W0LL USE AN 0NTEGER L0TERAL: A WHOLE NUMBER: TO STORE THE POS0T0ON% vH0LE WE ALWAYS USE QUOTAT0ON
MARKS FOR LETTERS pSTR0NGS(: WE DO NOT USE QUOTAT0ON MARKS FOR NUMBERS p0NTEGERS(%

�SS0GNMENTc

o% dXTEND THE EX0ST0NG CODE BY CREAT0NG A NEW VAR0ABLE POS0T0ON%
3% 40VE TH0S VAR0ABLE THE VALUE o% 2SE AN 0NTEGER L0TERAL%
t% 2SE THREE SEPARATE Pr0NTp( FUNCT0ONS TO D0SPLAY LEFTuBASE: r0GHTuBASE: AND POS0T0ON 0N THE CONSOLE: 0N
THAT ORDER%

dXPECTED OUTPUTc

;

•%t% _AR0ABLE EXERC0SE SEQUENCE

otfi



4
]
o

rCAfOLDED /EMPLATE

LEFTuBASE e ’4’
r0GHTuBASE e ’]’

n slblc brEATE A VArzABkE NAMED POSzTzON AND GzVE zT THE VAkUE o

n slblc 1rzNT THE VAkUE O! kE!TuBASE

n slblc 1rzNT THE VAkUE O! rzGHTuBASE

n slblc 1rzNT THE VAkUE O! POSzTzON

rOLUT0ON bODE

LEFTuBASE e ’4’
r0GHTuBASE e ’]’
POS0T0ON e o
Pr0NTpLEFTuBASE(
Pr0NTpr0GHTuBASE(
Pr0NTpPOS0T0ON(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT CrEATES A NEW VAr0ABLE gPOS0T0ONg W0TH THE VAL2E
gog)��

/HE VAr0ABLE gPOS0T0ONg <2ST BE A WHOLE N2<BEr: NOT A TEwT VAL2E S2CH AS g?o?g)

-N ADD0T0ON: THE TEST CASE CHECJS WHETHEr THE Ew0ST0NG VAr0ABLES gLEFTuBASEg AND gr0GHTuBASEg
JEEP THE0r VAL2ES AND WHETHEr THE THrEE VAL2ES ArE Pr0NTED 0N THE COrrECT OrDEr)��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT HAS CrEATED THE VAr0ABLE gPOS0T0ONg)
h vHETHEr THE ST2DENT 2SES gPOS0T0ONg AS AN 0NTEGEr AND NOT AS TEwT)
h vHETHEr THE ST2DENT G0VES gPOS0T0ONg THE VAL2E gog)
h vHETHEr THE ST2DENT JEEPS THE VAL2E g4g 0N gLEFTuBASEg)
h vHETHEr THE ST2DENT JEEPS THE VAL2E g]g 0N gr0GHTuBASEg)
h vHETHEr THE ST2DENT Pr0NTS EwACTLY THrEE L0NES)
h vHETHEr THE ST2DENT F0rST Pr0NTS g4g: THEN g]g: AND THEN gog)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h gdrrOrc xOU HAVE NOT CrEATED THE VAr0ABLE POS0T0ON YET)g
h gdrrOrc sHE VAr0ABLE POS0T0ON MUST BE AN 0NTEGEr pWHOLE NUMBEr() ,0D YOU PErHAPS USE

+UOTAT0ON MArJSqg��

h gdrrOrc sHE VAr0ABLE POS0T0ON MUST HAVE THE VALUE o: BUT WE FOUND bPOS0T0ON{)g
h gdrrOrc sHE VAr0ABLE LEFTuBASE MUST JEEP THE VALUE 4)g

e
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h gdrrOrc sHE VAr0ABLE r0GHTuBASE MUST JEEP THE VALUE ])g
h gdrrOr WH0LE Pr0NT0NGc ONE OF THE VAr0ABLES 0S NOT DEF0NED pbE{()g
h gxOU MUST Pr0NT EwACTLY t L0NES US0NG THrEE SEPArATE Pr0NT FUNCT0ONS) vE FOUND

bLENpOUTPUT({)g��

h gsHE F0rST L0NE MUST BE 4: BUT bOUTPUT}z[{ WAS Pr0NTED)g
h gsHE SECOND L0NE MUST BE ]: BUT bOUTPUT}o[{ WAS Pr0NTED)g
h gsHE TH0rD L0NE MUST BE o: BUT bOUTPUT}3[{ WAS Pr0NTED)g

n

•%t% _AR0ABLE EXERC0SE SEQUENCE

ot;
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4ENERATED dwERC0SES
-NTRODUCT0E VAN DE OEFEN0NGENREEKS

,EZE OEFEN0NGENREEKS 0NTRODUCEERT VAR0ABELEN AAN DE HAND VAN EEN B0OLOG0SCHE CONTEXT ROND,m�hBASEN
EN ,m�hSTRUCTUUR% ,E OEFEN0NGEN GEBRU0KEN DE NUCLEOBASEN �: /: • EN 4 ALS CONCRETE VOORBEELDEN
OM WAARDEN OP TE SLAAN 0N VAR0ABELEN%

>ET DOEL VAN DE REEKS 0S DAT LEERL0NGEN LEREN OM VAR0ABELEN AAN TE MAKEN: WAARDEN TOE TE KENNEN: WAARDEN
TE OVERSCHR0iVEN EN BETEKEN0SVOLLE VAR0ABELENAMEN TE GEBRU0KEN% ,E FOCUS L0GT OP HET REPRESENTEREN VAN
EENVOUD0GE B0OLOG0SCHE GEGEVENS: ZOALS EEN BASE OF EEN BASEPAAR%

uERONDERSTELDE VOORKENN0S

kEERL0NGEN WORDEN VERONDERSTELD AL VERTROUWD TE Z0iN METc

] ALGEMENE COMPUTERGELETTERDHE0D%

9NDERWERPEN B0NNEN DE SCOPE

] VAR0ABELE TOEKENN0NGs
] L0TERALS ZOALS STR0NGS EN 0NTEGERSs
] REhASS0GNMENTs
] VAR0ABELEN GEBRU0KEN 0N EENVOUD0GE EXPRESS0ESs
] NAAMGEV0NG VAN VAR0ABELEN%

,E REEKS BOUWT OP VAN HET OPSLAAN VAN ééN NUCLEOBASE NAAR HET GEBRU0KEN VAN MEERDERE VAR0ABELEN OM
EEN B0OLOG0SCHE RELAT0E: ZOALS BASEPAR0NG: WEER TE GEVEN% 9P HET E0NDE GEBRU0KEN LEERL0NGEN VAR0ABELEN OM
ZOWEL EEN SYMBOOL ALS EEN POS0T0E VAN EEN NUCLEOBASE VAST TE LEGGEN%

9NDERWERPEN BU0TEN DE SCOPE

] 0NPUT VAN DE GEBRU0KERs
] TYPE CAST0NGs
] COMPLEXE DATASTRUCTUREN ZOALS L0iSTENs
] BOOLEAN LOG0CAs
] LUSSENs
] COMPLEXE STR0NGhOPERAT0ES ZOALS SL0C0NG%

dwERC0SE oc dEN mUCLEOBASE nPSLAAN 0N EEN uAR0ABELE
bONCEPTS

] _AR0ABELE NAAMGEV0NG
] rTR0NG L0TERAL
] �SS0GNMENT OPERATOR p–(
] PR0NTp(

9THER rUBiECT bONCEPTS

] a0OLOG0Ec ,m�hNUCLEOBASEN p�DEN0NE: /HYM0NE: •YTOS0NE: 4UAN0NE(

o

•%t% _AR0ABLE EXERC0SE SEQUENCE
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1ROBLEM ,ESCR0PT0ON

,m� 0S DE DRAGER VAN ERFEL0iKE 0NFORMAT0E EN 0S OPGEBOUWD U0T V0ER VERSCH0LLENDE BOUWSTENEN: DE NUCLEOBASENc �DEN0NE
p�(: /HYM0NE p/(: •YTOS0NE p•( EN 4UAN0NE p4(% 9M MET DEZE GEGEVENS TE WERKEN 0N EEN COMPUTERPROGRAMMA:
MOETEN WE ZE OPSLAAN 0N HET GEHEUGEN MET BEHULP VAN VAR0ABELEN%

-N DEZE OEFEN0NG GA iE DE LETTER "�‘ OPSLAAN 0N EEN VAR0ABELE% J0ES EEN BETEKEN0SVOLLE NAAM VOOR iE VAR0ABELE
pB0iVOORBEELD "NUCLEOBASE‘( ZODAT 0EMAND D0E iE CODE LEEST D0RECT BEGR0iPT WAAR HET OVER GAAT% ,AARNA GEBRU0K iE DE
PR0NThFUNCT0E OM DE WAARDE VAN iE VAR0ABELE OP HET SCHERM TE TONEN%

_ERWACHTE U0TVOERc �

rCAfOLDED /EMPLATE

n slblc lAAJ EEN VArzABEkE AAN MET EEN BETEJENzSVOkkE NAAM pBziV) NUCkEOBASE( EN JEN DE WAArDE
"�" TOE��

n slblc fEBrUzJ DE PrzNTp( !UNCTzE OM DE zNHOUD VAN iOUW VArzABEkE OP HET SCHErM TE TONEN

rOLUT0ON bODE

N2CLEOBASE e ’�’
Pr0NTpN2CLEOBASE(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG DE ,m�hBASE g�g EErST OPSLAAT 0N EEN VAr0ABELE EN
DAArNA Pr0NT)��

,E VErWACHTE 20TVOEr 0S jjN rEGEL <ET EwACT g�g)

,AArNAAST CONTrOLEErT DE TESTCASE OF DE LEErL0NG GEEN JLE0NE LETTEr GEBr20JT EN N0ET <EEr Pr0NT
DAN NOD0G)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG 0ETS Pr0NT <ET gPr0NTp(g)
h #F DE LEErL0NG EwACT DE HOOFDLETTEr g�g Pr0NT)
h #F DE LEErL0NG N0ET PEr ONGEL2J DE JLE0NE LETTEr gAg Pr0NT)
h #F DE LEErL0NG SLECHTS jjN rEGEL Pr0NT)
h #F DE LEErL0NG DE WAArDE g�g EErST OPSLAAT 0N EEN VAr0ABELE)
h #F DE LEErL0NG N0ET ALLEEN rECHTSTrEEJS gPr0NTp"�"(g GEBr20JT ZONDEr VAr0ABELE)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h gdr 0S EEN FOUT OPGETrEDEN B0i HET U0TVOErEN VAN DE CODEc bE{g
h gIE HEBT DE Pr0NTp( FUNCT0E N0ET GEBrU0JT OM DE WAArDE VAN DE VAr0ABELE TE TONEN)g
h gkET OPc ,m�hBASEN WOrDEN ALT0iD MET HOOFDLETTErS GESCHrEVEN) IE Pr0NTTE "A" 0N PLAATS VAN

"�")g��

h gIE HEBT "bACTUALuOUTPUT{" GEPr0NT: MAAr DE VErWACHTE U0TVOEr 0S "�")g
h gIE CODE Pr0NT TE VEEL rEGELS) 4EBrU0J Pr0NTp( ALLEEN OM DE WAArDE VAN DE VAr0ABELE TE

TONEN)g��

h gIE HEBT DE WAArDE "�" N0ET OPGESLAGEN 0N EEN VAr0ABELE) ,E OPDrACHT VrAAGT OM EErST EEN
VAr0ABELE AAN TE MAJEN)g��

3
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dwERC0SE 3c ,m�hBASENPAREN EN aETEKEN0SVOLLE uAR0ABELEN
bONCEPTS

] <EERDERE VAR0ABELE NAMEN
] �SS0GNMENT OPERATOR p–(
] rTR0NG L0TERALS
] PR0NTp(

9THER rUBiECT bONCEPTS

] a0OLOG0E p,m�hSTRUCTUUR(
] •OMPLEMENTA0RE BASEhPAR0NG p• KOPPELT AAN 4(

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE ééN NUCLEOBASE pZOALS "�‘( OPSLAAT 0N EEN VAR0ABELE% -N DE B0OLOG0E VORMEN
DEZE BASEN ECHTER VASTE PAREN% dEN BELANGR0iK PAAR 0N ,m� 0S •YTOS0NE p•( EN 4UAN0NE p4(% yE HOREN ALT0iD B0i
ELKAAR%

-N DEZE OEFEN0NG GAAN WE DE BASE "•‘ KOPPELEN AAN Z0iN PARTNER "4‘% IE GAAT H0ERVOOR TWEE VERSCH0LLENDE VAR0ABELEN
GEBRU0KEN% >ET 0S BELANGR0iK DAT iE VAR0ABELEN NAMEN GEEFT D0E DU0DEL0iK MAKEN WAT ER0N 0S OPGESLAGEN%

9PDRACHTc o% aEK0iK DE VAR0ABELE "EERSTEuBASE‘ 0N DE CODE H0ERONDER% 3% <AAK EEN TWEEDE VAR0ABELE AAN EN SLA
H0ER0N DE LETTER "4‘ OP% 4EEF DEZE VAR0ABELE EEN BETEKEN0SVOLLE NAAM: B0iVOORBEELD "PARTNERuBASE‘% t% 4EBRU0K DE
PR0NTp(hFUNCT0E OM EERST DE EERSTE VAR0ABELE EN DAARNA DE TWEEDE VAR0ABELE OP HET SCHERM TE TONEN%

_ERWACHTE U0TVOERc • 4

rCAfOLDED /EMPLATE

n rTAP oc ,E EErSTE BASE zS Ak OPGESkAGEN zN EEN VArzABEkE
EErSTEuBASE e ’]’

n slblc lAAJ EEN TWEEDE VArzABEkE AAN VOOr DE PArTNErhBASE p"f"(
n fEBrUzJ EEN BETEJENzSVOkkE NAAM VOOr iE VArzABEkE

n slblc fEBrUzJ DE PrzNTp( !UNCTzE OM BEzDE VArzABEkEN ONDEr EkJAAr TE TONEN

rOLUT0ON bODE

EErSTEuBASE e ’]’
PArTNEruBASE e ’4’
Pr0NTpEErSTEuBASE(
Pr0NTpPArTNEruBASE(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG DE BESTAANDE VAr0ABELE gEErSTEuBASEg BEHO2DT <ET DE
WAArDE g]g)��

,AArNAAST <OET DE LEErL0NG EEN TWEEDE VAr0ABELE AAN<AJEN <ET DE WAArDE g4g)

,E TESTCASE CONTrOLEErT OOJ OF DE TWEE WAArDEN ONDEr ELJAAr WOrDEN GEPr0NT 0N DE i20STE
VOLGOrDEc EErST g]g: DAArNA g4g)��

t
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999 vAT WOrDT GETESTq

h #F DE LEErL0NG DE VAr0ABELE gEErSTEuBASEg N0ET HEEFT VErW0iDErD)
h #F DE LEErL0NG DE VAr0ABELE gEErSTEuBASEg DE COrrECTE WAArDE g]g LAAT BEHO2DEN)
h #F DE LEErL0NG EEN TWEEDE VAr0ABELE AAN<AAJT <ET DE WAArDE g4g)
h #F DE LEErL0NG DE HOOFDLETTEr g4g GEBr20JT 0N PLAATS VAN DE JLE0NE LETTEr gGg)
h #F DE LEErL0NG PrEC0ES TWEE rEGELS Pr0NT)
h #F DE LEErL0NG EErST g]g Pr0NT EN DAArNA g4g)
h #F DE LEErL0NG EEN BETEJEN0SVOLLE NAA< GEBr20JT VOOr DE TWEEDE VAr0ABELE)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g,E VAr0ABELE EErSTEuBASE 0S N0ET GEVONDEN) HEB iE DEZE PEr ONGELUJ VErW0iDErDqg
h g,E VAr0ABELE EErSTEuBASE MOET DE WAArDE ] BEVATTEN: N0ET bEErSTEuBASE{)g
h gIE HEBT GEEN TWEEDE VAr0ABELE AANGEMAAJT MET DE WAArDE 4)g
h g1YTHON 0S HOOFDLETTErGEVOEL0G) 4EBrU0J EEN HOOFDLETTEr 4 VOOr DE NUCLEOBASE)g
h gdr 0S EEN FOUT OPGETrEDEN B0i HET Pr0NTENc bE{g
h gvE VErWACHTTEN M0NSTENS 3 rEGELS OUTPUT p] EN 4(: MAAr JrEGEN Er bLENpOUTPUTuL0NES({)g
h gIE HEBT TE VEEL rEGELS GEPr0NT pbLENpOUTPUTuL0NES({() 1r0NT ALLEEN DE TWEE VAr0ABELEN ONDEr

ELJAAr)g��

h g,E EErSTE rEGEL MOET ] Z0iN: MAAr Er STAATc bOUTPUTuL0NES}z[{)g
h g,E TWEEDE rEGEL MOET 4 Z0iN: MAAr Er STAATc bOUTPUTuL0NES}o[{)g
h g,E NAAM VAN iE TWEEDE VAr0ABELE pbPArTNEruVAruNAME{( 0S ErG JOrT) 4EBrU0J EEN BETEJEN0SVOLLE

NAAM ZOALS PArTNEruBASE)g��

dwERC0SE tc 1UNTMUTAT0ESc dEN aASE uERANDEREN
bONCEPTS

] /OEKENN0NGSOPERATOR p–(
] rTR0NGS pTEKST(
] PR0NTp( FUNCT0E
] _AR0ABELEN OVERSCHR0iVEN pREhASS0GNMENT(

9THER rUBiECT bONCEPTS

] a0OLOG0Ec ,m�hBASENPAREN
] a0OLOG0Ec 1UNTMUTAT0ES

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE EEN BASENPAAR: ZOALS •YTOS0NE p•( EN 4UAN0NE p4(: OPSLAAT 0N TWEE
VERSCH0LLENDE VAR0ABELEN% -N DE B0OLOG0E KAN ER ECHTER 0ETS VERANDEREN 0N HET ,m�% ,0T NOEMEN WE EEN MUTAT0E% a0i
EEN PUNTMUTAT0E WORDT ééN BASE VERVANGEN DOOR EEN ANDERE%

-N DEZE OEFEN0NG GAAN WE EEN PUNTMUTAT0E NABOOTSEN 0N 1YTHON% IE BEG0NT MET EEN VAR0ABELE "BASE‘ D0E DE WAARDE "�‘
p�DEN0NE( HEEFT% IOUW TAAK 0S OM DEZE WAARDE TE OVERSCHR0iVEN MET DE LETTER "4‘ p4UAN0NE(%

>0NTc IE HEBT 0N DE VOR0GE OEFEN0NG DE "–‘ GEBRU0KT OM EEN VAR0ABELE EEN WAARDE TE GEVEN% IE KUNT D0TZELFDE SYMBOOL
GEBRU0KEN OM EEN BESTAANDE VAR0ABELE EEN N0EUWE WAARDE TE GEVEN% ,E OUDE WAARDE WORDT DAN GEW0ST EN VERVANGEN%

9PDRACHTc o% ,E CODE BEVAT AL EEN VAR0ABELE "BASE‘ MET DE WAARDE "�‘ EN PR0NT DEZE% 3% 9VERSCHR0iF DE VAR0ABELE
"BASE‘ MET DE N0EUWE LETTER "4‘% t% 1R0NT DE VAR0ABELE "BASE‘ OPN0EUW ZODAT iE HET VERSCH0L Z0ET%

_ERWACHTE U0TVOERc � 4

rCAfOLDED /EMPLATE

BASE e ’�’
Pr0NTpBASE(

fl
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n slblc #VErSCHrzi! DE VArzABEkE "BASE" MET DE NzEUWE WAArDE "f"

n slblc 1rzNT DE NzEUWE WAArDE VAN DE VArzABEkE "BASE" OP HET SCHErM

rOLUT0ON bODE

BASE e ’�’
Pr0NTpBASE(
BASE e ’4’
Pr0NTpBASE(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG DE BESTAANDE VAr0ABELE gBASEg BEHO2DT EN DE WAArDE
ErVAN OVErSCHr0iFT NAAr g4g)��

,E TESTCASE J0iJT VOOrAL NAAr DE VAr0ABELE ZELF: N0ET NAAr DE GEPr0NTE 20TVOEr)

,E VErWACHTE S0T2AT0E 0S DAT gBASEg 20TE0NDEL0iJ DE WAArDE g4g BEVAT EN NOG STEEDS EEN STr0NG
0S)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG DE BESTAANDE VAr0ABELE gBASEg GEBr20JT)
h #F DE LEErL0NG DE WAArDE VAN gBASEg AANPAST NAAr g4g)
h #F DE LEErL0NG DE VAr0ABELE gBASEg OVErSCHr0iFT 0N PLAATS VAN EEN N0E2WE VAr0ABELE TE

GEBr20JEN)��

h #F DE LEErL0NG gBASEg ALS TEJSTWAArDE BEWAArT)
h #F DE LEErL0NG DE HOOFDLETTEr g4g GEBr20JT 0N PLAATS VAN DE JLE0NE LETTEr gGg)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g,E VAr0ABELE "BASE" 0S N0ET GEVONDEN) yOrG ErVOOr DAT iE DE BESTAANDE VAr0ABELE GEBrU0JT)g
h g,E VAr0ABELE "BASE" HEEFT MOMENTEEL DE WAArDE "bBASE{": MAAr D0T MOET "4" Z0iN) HEB iE DE

WAArDE OVErSCHrEVEN MET BASE e "4"qg��

h g,E VAr0ABELE "BASE" MOET EEN STr0NG pTEJST( BL0iVEN: B0iVOOrBEELD "4")g
h g1YTHON 0S HOOFDLETTErGEVOEL0G) IE HEBT "G" GEBrU0JT 0N PLAATS VAN DE HOOFDLETTEr "4")g

dwERC0SE flc ,m� aASEhPAREN EN ,U0DEL0iKE uAR0ABELENAMEN
bONCEPTS

] rTR0NG L0TERAL
] aETEKEN0SVOLLE VAR0ABELENAMEN
] �SS0GNMENT OPERATOR p–(
] PR0NTp(

9THER rUBiECT bONCEPTS

] a0OLOG0E p,m� BASEhPAR0NG �h/ EN •h4(

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE EEN WAARDE 0N EEN VAR0ABELE KUNT AANPASSEN pREhASS0GNMENT(% -N
DUBBELSTRENGS ,m� KOMEN BASEN ECHTER ALT0iD 0N PAREN VOORc �DEN0NE p�( KOPPELT AAN /HYM0NE p/(: EN •YTOS0NE

fi
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p•( KOPPELT AAN 4UAN0NE p4(%

9M DE CODE OVERZ0CHTEL0iK TE HOUDEN: 0S HET BELANGR0iK OM NAMEN TE K0EZEN D0E PREC0ES VERTELLEN WAT ER 0N DE VAR0ABELE
Z0T% -N PLAATS VAN EEN ALGEMENE NAAM ZOALS "BASE‘: GEBRU0KEN WE NU "L0NKERuBASE‘ EN "RECHTERuBASE‘% yO SNAPT 0EDEREEN
D0RECT DAT HET OM EEN PAAR GAAT%

9PDRACHTc o% ,E VAR0ABELE "L0NKERuBASE‘ HEEFT NU DE WAARDE "�‘% 9VERSCHR0iF DEZE WAARDE MET "4‘ pEEN MUTAT0E(% 3%
<AAK EEN N0EUWE VAR0ABELE AAN MET DE NAAM "RECHTERuBASE‘% 4EEF DEZE DE WAARDE D0E B0i "4‘ HOORT VOLGENS DE REGELS
VAN BASEhPAR0NG p•(% t% 4EBRU0K DE PR0NTp( FUNCT0E OM EERST DE "L0NKERuBASE‘ EN DAARNA DE "RECHTERuBASE‘ TE TONEN%

_ERWACHTE U0TVOERc 4 •

rCAfOLDED /EMPLATE

n vE BEGzNNEN MET DE kzNJEr BASE "�"
L0NJEruBASE e ’�’

n r/�1 oc 1AS DE WAArDE VAN kzNJEruBASE AAN NAAr "f"
n gzNTc fEBrUzJ DE ASSzGNMENT OPErATOr pe( yOAkS zN DE VOrzGE OE!ENzNG
n slblc #VErSCHrzi! kzNJEruBASE MET "f"

n r/�1 3c lAAJ EEN NzEUWE VArzABEkE AAN VOOr DE rECHTErJANT VAN HET PAAr
n ,E COMPkEMENTAzrE BASE VAN "f" zS "b"
n slblc lAAJ DE VArzABEkE "rECHTEruBASE" AAN EN GEE! DEyE DE WAArDE "b"

n r/�1 tc 1rzNT BEzDE VArzABEkEN ONDEr EkJAAr
n slblc 1rzNT kzNJEruBASE
n slblc 1rzNT rECHTEruBASE

rOLUT0ON bODE

L0NJEruBASE e ’�’
L0NJEruBASE e ’4’
rECHTEruBASE e ’]’
Pr0NTpL0NJEruBASE(
Pr0NTprECHTEruBASE(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG TWEE VAr0ABELEN GEBr20JT VOOr EEN BASENPAArc
gL0NJEruBASEg EN grECHTEruBASEg)��

,E WAArDE VAN gL0NJEruBASEg <OET OVErSCHrEVEN WOrDEN NAAr g4g)

,E WAArDE VAN grECHTEruBASEg <OET g]g Z0iN: HET CO<PLE<ENT VAN g4g)

999 vAT WOrDT GETESTq

h #F DE LEErL0NG DE VAr0ABELE gL0NJEruBASEg HEEFT GEDEF0N0EErD)
h #F DE LEErL0NG DE VAr0ABELE grECHTEruBASEg HEEFT GEDEF0N0EErD)
h #F DE LEErL0NG gL0NJEruBASEg COrrECT OVErSCHr0iFT NAAr g4g)
h #F DE LEErL0NG grECHTEruBASEg COrrECT 0NSTELT OP g]g)
h #F DE LEErL0NG BEGr0iPT DAT g]g HET CO<PLE<ENT 0S VAN g4g)
h #F DE LEErL0NG PrEC0ES TWEE rEGELS Pr0NT)
h #F DE LEErL0NG EErST g4g Pr0NT EN DAArNA g]g)

7
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999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g,E VAr0ABELE L0NJEruBASE 0S N0ET GEDEF0N0EErD)g
h g,E VAr0ABELE rECHTEruBASE 0S N0ET GEDEF0N0EErD)g
h g,E WAArDE VAN L0NJEruBASE ZOU 4 MOETEN Z0iN: MAAr 0S NU bLuBASE{) HEB iE DE OOrSPrONJEL0iJE

� WEL OVErSCHrEVENqg��

h g,E WAArDE VAN rECHTEruBASE ZOU ] MOETEN Z0iN pHET COMPLEMENT VAN 4(: MAAr 0S NU bruBASE{)g
h gdr G0NG 0ETS M0S B0i HET Pr0NTENc bE{g
h gdr WErDEN bLENpL0NES({ rEGELS GEPr0NT: MAAr WE VErWACHTTEN Er PrEC0ES 3)g
h g,E EErSTE GEPr0NTE rEGEL MOET 4 Z0iN: N0ET bL0NES}z[{)g
h g,E TWEEDE GEPr0NTE rEGEL MOET ] Z0iN: N0ET bL0NES}o[{)g
h gsEST M0SLUJTc bE{g
h gnNVErWACHTE FOUTc bE{g

dwERC0SE fic aASEhPAREN EN HUN 1OS0T0E
bONCEPTS

] rTR0NG L0TERAL
] -NTEGER L0TERAL
] aETEKEN0SVOLLE VAR0ABELENAMEN
] �SS0GNMENT OPERATOR p–(
] PR0NTp(

9THER rUBiECT bONCEPTS

] ,m�hNUCLEOBASEN
] aASEhPAR0NG
] ,m�hSEQUENT0ES

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE BETEKEN0SVOLLE NAMEN ZOALS "L0NKERuBASE‘ EN "RECHTERuBASE‘ GEBRU0KT OM
EEN BASEhPAAR TE BESCHR0iVEN% dEN ,m�hSEQUENT0E 0S ECHTER EEN LANGE KETEN VAN DEZE PAREN% 9M DE VOLGORDE TE
ONTHOUDEN: GEVEN WE ELK PAAR EEN VOLGNUMMER% ,0T NOEMEN WE DE POS0T0E%

-N DEZE OEFEN0NG GAAN WE EEN "-NTEGER L0TERAL‘ pEEN GEHEEL GETAL( GEBRU0KEN OM DE POS0T0E OP TE SLAAN% /ERW0iL WE VOOR
LETTERS ALT0iD AANHAL0NGSTEKENS GEBRU0KEN prTR0NGS(: DOEN WE DAT B0i GETALLEN p-NTEGERS( N0ET%

9PDRACHTc o% aRE0D DE BESTAANDE CODE U0T DOOR EEN N0EUWE VAR0ABELE "POS0T0E‘ AAN TE MAKEN% 3% 4EEF DEZE VAR0ABELE DE
WAARDE o pGEBRU0K EEN 0NTEGER L0TERAL(% t% 4EBRU0K DR0E APARTE PR0NTp( FUNCT0ES OM ACHTEREENVOLGENS DE "L0NKERuBASE‘:
DE "RECHTERuBASE‘ EN DE "POS0T0E‘ 0N DE CONSOLE TE TONEN%

_ERWACHTE U0TVOERc 4 • o

rCAfOLDED /EMPLATE

L0NJEruBASE e ’4’
rECHTEruBASE e ’]’

n slblc lAAJ EEN VArzABEkE GENAAMD POSzTzE AAN EN GEE! DEyE DE WAArDE o

n slblc 1rzNT DE WAArDE VAN kzNJEruBASE

n slblc 1rzNT DE WAArDE VAN rECHTEruBASE

n slblc 1rzNT DE WAArDE VAN POSzTzE

;
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rOLUT0ON bODE

L0NJEruBASE e ’4’
rECHTEruBASE e ’]’
POS0T0E e o
Pr0NTpL0NJEruBASE(
Pr0NTprECHTEruBASE(
Pr0NTpPOS0T0E(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG EEN N0E2WE VAr0ABELE gPOS0T0Eg AAN<AAJT <ET DE WAArDE
gog)��

,E VAr0ABELE gPOS0T0Eg <OET EEN GEHEEL GETAL Z0iN: D2S GEEN TEJSTWAArDE ZOALS g?o?g)

,AArNAAST CONTrOLEErT DE TESTCASE OF DE BESTAANDE VAr0ABELEN gL0NJEruBASEg EN grECHTEruBASEg
H2N WAArDEN BEHO2DEN EN OF DE Dr0E WAArDEN 0N DE i20STE VOLGOrDE WOrDEN GEPr0NT)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG DE VAr0ABELE gPOS0T0Eg HEEFT AANGE<AAJT)
h #F DE LEErL0NG gPOS0T0Eg ALS 0NTEGEr GEBr20JT EN N0ET ALS TEJST)
h #F DE LEErL0NG gPOS0T0Eg DE WAArDE gog GEEFT)
h #F DE LEErL0NG gL0NJEruBASEg DE WAArDE g4g LAAT BEHO2DEN)
h #F DE LEErL0NG grECHTEruBASEg DE WAArDE g]g LAAT BEHO2DEN)
h #F DE LEErL0NG PrEC0ES Dr0E rEGELS Pr0NT)
h #F DE LEErL0NG EErST g4g: DAArNA g]g: EN DAArNA gog Pr0NT)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g!OUTc IE HEBT DE VAr0ABELE POS0T0E NOG N0ET AANGEMAAJT)g
h g!OUTc ,E VAr0ABELE POS0T0E MOET EEN 0NTEGEr pGEHEEL GETAL( Z0iN) HEB iE M0SSCH0EN

AANHAL0NGSTEJENS GEBrU0JTqg��

h g!OUTc ,E VAr0ABELE POS0T0E MOET DE WAArDE o HEBBEN: MAAr WE VONDEN bPOS0T0E{)g
h g!OUTc ,E VAr0ABELE L0NJEruBASE MOET DE WAArDE 4 BEHOUDEN)g
h g!OUTc ,E VAr0ABELE rECHTEruBASE MOET DE WAArDE ] BEHOUDEN)g
h g!OUT B0i HET Pr0NTENc EEN VAN DE VAr0ABELEN 0S N0ET GEDEF0N0EErD pbE{()g
h gIE MOET PrEC0ES t rEGELS Pr0NTEN MET Dr0E APArTE Pr0NThFUNCT0ES) vE VONDEN Er

bLENpOUTPUT({)g��

h g,E EErSTE rEGEL MOET 4 Z0iN: MAAr Er WErD bOUTPUT}z[{ GEPr0NT)g
h g,E TWEEDE rEGEL MOET ] Z0iN: MAAr Er WErD bOUTPUT}o[{ GEPr0NT)g
h g,E DErDE rEGEL MOET o Z0iN: MAAr Er WErD bOUTPUT}3[{ GEPr0NT)g

e
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4ENERATED dwERC0SES
-NTRODUCT0ON TO THE EwERC0SE SEQUENCE

/H0S EXERC0SE SEQUENCE 0NTRODUCES COND0T0ONAL STATEMENTS US0NG A B0OLOG0CAL CONTEXT AROUND GENE
EXPRESS0ON: CODONS: AND PROTE0NS% /HE EXERC0SES USE START AND STOP CODONS AS CONCRETE EXAMPLES FOR
MAK0NG DEC0S0ONS 0N CODE%

/HE GOAL OF THE SEQUENCE 0S FOR STUDENTS TO LEARN HOW TO USE 0F: ELSE: AND EL0F TO CLASS0FY B0OLOG0CAL
DATA% /HE FOCUS 0S ON RECOGN0Z0NG D0fERENT TYPES OF CODONS: SUCH AS START CODONS: STOP CODONS: AND OTHER
COD0NG CODONS%

�SSUMED PR0OR KNOWLEDGE

rTUDENTS ARE ASSUMED TO ALREADY BE FAM0L0AR W0THc

] VAR0ABLESs
] S0MPLE STR0NG VALUES%

/OP0CS W0TH0N SCOPE

] 0Fs
] 0FsELSEs
] EL0F%

/HE SEQUENCE BU0LDS FROM ONE S0MPLE CHECK W0TH 0F TO MULT0PLE BRANCHES W0TH 0FsEL0FsELSE% aY THE
END: STUDENTS CLASS0FY A CODON AS rTArT: rTOP: OR ]OD0NG%

/OP0CS OUTS0DE THE SCOPE

] NESTED COND0T0ONAL STATEMENTSs
] COMPOUND COND0T0ONS W0TH AND OR Ors
] l: >%

dwERC0SE oc ’ECOGN0y0NG THE START CODON
bONCEPTS

] _AR0ABLES
] rTR0NGS
] -F STRUCTURE
] •OMPAR0SON W0TH ––

9THER rUBiECT bONCEPTS

] a0OLOGYc ,m�: CODONS: AND THE START CODON

1ROBLEM ,ESCR0PT0ON

-N B0OLOGY: ,m� 0S READ 0N GROUPS OF THREE LETTERS: WH0CH ARE CALLED CODONS% 9NE SPEC0fiC CODON: �/4: 0S THE START
CODONc 0T 0ND0CATES WHERE TRANSLAT0ON 0NTO A PROTE0N SHOULD BEG0N% -N TH0S EXERC0SE: YOU LEARN HOW TO USE AN 0F STRUCTURE
TO CHECK WHETHER A TEXT VALUE pSTR0NG( MATCHES A SPEC0fiC VALUE%

/ASKc •OMPLETE THE CODE SO THAT THE PROGRAM CHECKS WHETHER THE VAR0ABLE CODON 0S EXACTLY EQUAL TO THE TEXT �/4% -F
TH0S 0S THE CASE: THE PROGRAM SHOULD D0SPLAY THE SENTENCE /H0S 0S A STArT CODON=%

o
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dXAMPLEc h -NPUTc CODON – �/4 hg 9UTPUTc /H0S 0S A START CODON= h -NPUTc CODON – /44 hg 9UTPUTc pNO OUTPUT(

rCAfOLDED /EMPLATE

n /HE VArzABkE CODON CONTAzNS A GrOUP O! THrEE BASES
CODON e ’�/4’

n 2SE AN z! STrUCTUrE TO CHECJ WHETHEr THE CODON zS A STArT CODON
n slblc vrzTE AN z! STATEMENT THAT CHECJS WHETHEr CODON zS E.UAk TO "�/f"
n slblc 2SE PrzNTp( TO DzSPkAY THE TEwT "/HzS zS A STArT CODON=" z! THE CONDzTzON zS TrUE

rOLUT0ON bODE

CODON e ’�/4’

we CODON ee ’�/4’c
Pr0NTp’/H0S 0S A STArT CODON=’(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT 2SES AN g0Fg STr2CT2rE TO rECOGN0ZE THE STArT CODON
g�s4g)��

-F gCODONg 0S EwACTLY E+2AL TO g�s4g: THE SENTENCE gsH0S 0S A STArT CODON=g SHO2LD BE Pr0NTED)

-N ALL OTHEr CASES: NOTH0NG SHO2LD BE Pr0NTED)

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT DOES NOT CA2SE AN ErrOr WHEN THE CODE 0S EwEC2TED)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT <ESSAGE WHEN gCODONg 0S E+2AL TO g�s4g)
h vHETHEr THE ST2DENT Pr0NTS NOTH0NG WHEN gCODONg 0S E+2AL TO gs44g)
h vHETHEr THE ST2DENT CO<PArES CASEhSENS0T0VELY AND DOES NOT rECOGN0ZE gATGg AS A STArT CODON)
h vHETHEr THE ST2DENT CO<PArES EwACTLY W0TH g�s4g)
h vHETHEr THE ST2DENT DOES NOT 2SE THE g0Ng OPErATOr: WH0CH WO2LD 0NCOrrECTLY rECOGN0ZE VAL2ES

S2CH AS g��s4g)��

h vHETHEr THE ST2DENT Pr0NTS AT <OST ONE L0NE)

999 !EEDBACJ THE ST2DENT CAN rECE0VE

h g-NTErNAL ErrOrc STUDENTuCODE WAS NOT FOUND)g
h gsHE CODE CAUSED AN ErrOr DUr0NG EwECUT0ONc bE{g
h g!Or CODON e "�s4": WE EwPECTED EwACTLY THE SENTENCE "bEwPECTEDuMSG{": BUT GOTc

"bOUTPUTuATG{"g��

h gdrrOrc -F THE CODON 0S "s44": NOTH0NG SHOULD BE Pr0NTED) xOUr CODE Pr0NTEDc "bOUTPUTuTGG{")
]HECJ YOUr 0F STrUCTUrE)g��

h gmOTEc ,m� CODES ArE CASEhSENS0T0VE) sHE VALUE "ATG" pLOWErCASE LETTErS( SHOULD NOT BE
rECOGN0ZED AS A STArT CODON)g��

h gxOUr CODE ALSO Pr0NTS SOMETH0NG FOr "��s4") sHE COMPAr0SON MUST BE EwACT pUSE ee AND NOT
"0N"()g��

h gxOU Pr0NT TOO MANY L0NES pbLENpOUTPUTuL0NES({() nNLY ONE L0NE MAY APPEAr ON THE SCrEEN)g

3
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dwERC0SE 3c ’ECOGN0y0NG STOP CODONS W0TH 0F6ELSE
bONCEPTS

] _AR0ABLES
] rTR0NGS
] •OMPAR0SON W0TH ––
] 0F6ELSE STRUCTURE
] /EXT OUTPUT W0TH PR0NT

9THER rUBiECT bONCEPTS

] a0OLOGY p,m� TRANSLAT0ON(
] rTOP CODONS p/�4(

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO USE AN 0F STRUCTURE TO CHECK WHETHER A CODON 0S THE START CODON �/4%
aUT WHAT 0F YOU ALSO WANT TO DO SOMETH0NG WHEN THE COND0T0ON 0S NOT TRUEq !OR THAT: WE USE AN ELSE CLAUSE%

-N B0OLOGY: TRANSLAT0ON pTHE TRANSLAT0ON OF GENET0C CODE 0NTO A PROTE0N( STOPS AT A STOP CODON: SUCH AS /�4% -N TH0S
EXERC0SE: YOU WR0TE A PROGRAM THAT MAKES A B0NARY DEC0S0ONc 0S THE CODON A STOP CODON OR NOTq

/ASKc •OMPLETE THE CODE SO THAT THE PROGRAM CHECKS WHETHER THE VAR0ABLE CODON 0S EQUAL TO /�4% h -F THE COND0T0ON
0S TRUE: PR0NT EXACTLYc /H0S 0S A STOP CODON= h -N ALL OTHER CASES pELSE(: PR0NT EXACTLYc /H0S 0S NOT A STOP
CODON)

dXAMPLE oc h -NPUTc CODON – /�4 h 9UTPUTc /H0S 0S A STOP CODON=

dXAMPLE 3c h -NPUTc CODON – ]]] h 9UTPUTc /H0S 0S NOT A STOP CODON%

rCAfOLDED /EMPLATE

CODON e ’/�4’ n xOU CAN CHANGE THzS TO "���" TO TEST THE OTHEr BrANCH O! THE z! STrUCTUrE

n 2SE AN z!sEkSE STrUCTUrE TO CHECJ THE CODON
we CODON ee ’/�4’c

n slblc 2SE PrzNT TO zNDzCATE THAT zT zS A STOP CODON

DkrDc
n slblc 2SE PrzNT TO zNDzCATE THAT zT zS m#/ A STOP CODON

rOLUT0ON bODE

CODON e ’/�4’

we CODON ee ’/�4’c
Pr0NTp’/H0S 0S A STOP CODON=’(

DkrDc
Pr0NTp’/H0S 0S NOT A STOP CODON)’(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT 2SES AN g0FhELSEg STr2CT2rE TO rECOGN0ZE THE STOP
CODON gs�4g)��

-F gCODONg 0S EwACTLY E+2AL TO gs�4g: THE SENTENCE gsH0S 0S A STOP CODON=g SHO2LD BE Pr0NTED)

t
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!Or OTHEr CODONS: S2CH AS g���g: gTAGg: Or g444g: THE SENTENCE gsH0S 0S NOT A STOP CODON)g
SHO2LD BE Pr0NTED)��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT DOES NOT CA2SE AN ErrOr WHEN THE CODE 0S EwEC2TED)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT <ESSAGE WHEN gCODONg 0S E+2AL TO gs�4g)
h vHETHEr THE ST2DENT COrrECTLY 2SES THE gELSEg CLA2SE FOr A CODON THAT 0S NOT A STOP CODON)
h vHETHEr THE ST2DENT CO<PArES CASEhSENS0T0VELY AND DOES NOT rECOGN0ZE gTAGg AS gs�4g)
h vHETHEr THE ST2DENT Pr0NTS THE EwPECTED TEwT EwACTLY: 0NCL2D0NG THE EwCLA<AT0ON <ArJ 0N gsH0S

0S A STOP CODON=g)��

h vHETHEr THE ST2DENT ALSO EwEC2TES THE gELSEg CLA2SE FOr ANOTHEr rANDO< CODON: S2CH AS g444g)

999 !EEDBACJ THE ST2DENT CAN rECE0VE

h g�N ErrOr OCCUrrED WH0LE EwECUT0NG THE CODEc bE{g
h gdrrOrc !Or CODON e "s�4": WE EwPECTED EwACTLY THE TEwT "bEwPECTEDuTAG{": BUT GOTc

"brESULTuTAG{"g��

h gdrrOrc !Or CODON e "���": WE EwPECTED EwACTLY THE TEwT "bEwPECTEDuAAA{": BUT GOTc
"brESULTuAAA{"g��

h gdrrOrc 1YTHON 0S CASEhSENS0T0VE) "TAG" pLOWErCASE LETTErS( SHOULD NOT BE rECOGN0ZED AS THE
STOP CODON "s�4")g��

h gdrrOrc xOU PrOBABLY FOrGOT THE EwCLAMAT0ON MArJ p=( AT THE END OF THE SENTENCE)g
h gdrrOrc !Or A rANDOM CODON SUCH AS "444": THE ELSE CLAUSE SHOULD BE EwECUTED)g

dwERC0SE tc /HREE SCENAR0OSc ’ECOGN0y0NG MULT0PLE STOP CODONS
bONCEPTS

] CODON VAR0ABLE
] COMPAR0SON W0TH ––
] EL0F CLAUSE
] ELSE CLAUSE
] TEXT OUTPUT W0TH PR0NT

9THER rUBiECT bONCEPTS

] a0OLOGY p,m� TRANSLAT0ON: STOP CODONS(

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO USE AN 0F6ELSE STRUCTURE TO CHECK WHETHER A CODON 0S THE STOP CODON /�4%
>OWEVER: 0N B0OLOGY THERE ARE MULT0PLE STOP CODONS THAT MARK THE END OF TRANSLAT0ON% /O CREATE A PROGRAM THAT CAN
CHOOSE BETWEEN THREE D0fERENT S0TUAT0ONS: WE USE THE EL0F CLAUSE%

v0TH 0F: YOU CHECK THE fiRST COND0T0ON% v0TH EL0F pSHORT FOR óELSE 0F“(: YOU ADD AN EXTRA SPEC0fiC CHECK FOR WHEN THE
fiRST COND0T0ON 0S NOT TRUE% /HE ELSE 0S ONLY EXECUTED 0F NONE OF THE PREV0OUS COND0T0ONS ARE TRUE%

/ASKc •OMPLETE THE CODE SO THAT THE PROGRAM CHECKS THE VAR0ABLE CODON FOR THE FOLLOW0NG THREE SCENAR0OSc o% -F
CODON 0S EQUAL TO /�4: PR0NT EXACTLYc /H0S 0S STOP CODON /�4= 3% -F CODON 0S EQUAL TO /��: PR0NT EXACTLYc /H0S
0S STOP CODON /��= t% -N ALL OTHER CASES: PR0NT EXACTLYc /H0S 0S NOT A STOP CODON OF TH0S TYPE)

dXAMPLE oc h -NPUTc CODON – /�4 h 9UTPUTc /H0S 0S STOP CODON /�4=

dXAMPLE 3c h -NPUTc CODON – /�� h 9UTPUTc /H0S 0S STOP CODON /��=

dXAMPLE tc h -NPUTc CODON – 44] h 9UTPUTc /H0S 0S NOT A STOP CODON OF TH0S TYPE%

fl
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rCAfOLDED /EMPLATE

CODON e ’/��’

we CODON ee ’/�4’c
n slblc 1rzNT THE COrrECT TEwT !Or SCENArzO o
O�rr

n slblc �DD AN Ekz! CkAUSE HErE !Or CODON "/��"
n slblc 1rzNT THE COrrECT TEwT !Or SCENArzO 3

DkrDc
n slblc 1rzNT THE COrrECT TEwT !Or SCENArzO t
O�rr

rOLUT0ON bODE

CODON e ’/��’

we CODON ee ’/�4’c
Pr0NTp’/H0S 0S STOP CODON /�4=’(

Dkwe CODON ee ’/��’c
Pr0NTp’/H0S 0S STOP CODON /��=’(

DkrDc
Pr0NTp’/H0S 0S NOT A STOP CODON OF TH0S TYPE)’(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT 2SES AN g0FhEL0FhELSEg STr2CT2rE TO rECOGN0ZE
D0FFErENT STOP CODONS)��

-F gCODONg 0S E+2AL TO gs�4g: THE ST2DENT SHO2LD Pr0NT gsH0S 0S STOP CODON s�4=g)

-F gCODONg 0S E+2AL TO gs��g: THE ST2DENT SHO2LD Pr0NT gsH0S 0S STOP CODON s��=g)

!Or OTHEr VAL2ES: S2CH AS g44]g AND gs4�g: THE ST2DENT SHO2LD Pr0NT gsH0S 0S NOT A STOP CODON
OF TH0S TYPE)g��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT DOES NOT CA2SE AN ErrOr WHEN THE CODE 0S EwEC2TED)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT <ESSAGE WHEN gCODONg 0S E+2AL TO gs�4g)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT <ESSAGE WHEN gCODONg 0S E+2AL TO gs��g)
h vHETHEr THE ST2DENT COrrECTLY 2SES THE gELSEg CLA2SE FOr OTHEr CODONS)
h vHETHEr THE ST2DENT DOES NOT FOrGET TO Pr0NT SO<ETH0NG FOr THE D0FFErENT TEST VAL2ES)
h vHETHEr THE ST2DENT Pr0NTS THE EwPECTED TEwTS EwACTLY)
h vHETHEr THE ST2DENT 2SES AN g0FhEL0FhELSEg STr2CT2rE AS rE+2ESTED 0N THE TASJ)

999 !EEDBACJ THE ST2DENT CAN rECE0VE

h grOMETH0NG WENT WrONG WH0LE EwECUT0NG YOUr CODE FOr bDESC{c bE{g
h gxOUr CODE Pr0NTS NOTH0NG WHEN CODON bDESC{ 0S) 2SE THE Pr0NTp( FUNCT0ON)g
h gdrrOr FOr bDESC{)
dwPECTEDc bEwPECTED{
xO2r O2TP2Tc bACT2AL{g
h gxOUr CODE WOrJS FOr THE TEST VALUES: BUT YOU D0D NOT USE ?EL0F?) 2SE AN 0FhEL0FhELSE

STrUCTUrE AS rE+UESTED 0N THE TASJ)g��

fi
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dwERC0SE flc –OUR SCENAR0OSc ’ECOGN0y0NG ALL THREE STOP CODONS
bONCEPTS

] _AR0ABLES
] rTR0NGS
] •OMPAR0SON W0TH ––
] <ULT0PLE EL0F CLAUSES
] dLSE CLAUSE
] 9UTPUT W0TH PR0NT

9THER rUBiECT bONCEPTS

] a0OLOGY p,m� AND TRANSLAT0ON(
] rTOP CODONS p/�4: /��: /4�(

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO USE AN 0F6EL0F6ELSE STRUCTURE TO CHOOSE BETWEEN THREE S0TUAT0ONS% >OWEVER:
0N B0OLOGY THERE ARE THREE D0fERENT STOP CODONS THAT MARK THE END OF TRANSLAT0ONc /�4: /��: AND /4�% /O SHOW A
SEPARATE MESSAGE FOR EACH SPEC0fiC STOP CODON: WE NEED A STRUCTURE W0TH TWO EL0F CLAUSES%

’EMEMBERc WE USE 0F FOR THE fiRST CHECK% -F THAT 0S NOT TRUE: THE COMPUTER LOOKS AT THE EL0F BLOCKS THAT FOLLOW%
9NLY 0F NOTH0NG MATCHES 0S THE ELSE EXECUTED%

/ASKc •OMPLETE THE CODE SO THAT THE PROGRAM CHECKS THE VAR0ABLE CODON FOR THE FOLLOW0NG FOUR SCENAR0OSc o% -F
CODON 0S EQUAL TO /�4: PR0NT EXACTLYc /H0S 0S STOP CODON /�4= 3% -F CODON 0S EQUAL TO /��: PR0NT EXACTLYc /H0S
0S STOP CODON /��= t% -F CODON 0S EQUAL TO /4�: PR0NT EXACTLYc /H0S 0S STOP CODON /4�= fl% -N ALL OTHER CASES:
PR0NT EXACTLYc /H0S 0S NOT A JNOWN STOP CODON)

dXAMPLE oc h -NPUTc CODON – /4� h 9UTPUTc /H0S 0S STOP CODON /4�=

dXAMPLE 3c h -NPUTc CODON – 44] h 9UTPUTc /H0S 0S NOT A KNOWN STOP CODON%

rCAfOLDED /EMPLATE

CODON e ’/4�’

we CODON ee ’/�4’c
Pr0NTp’/H0S 0S STOP CODON /�4=’(

n slblc �DD AN Ekz! CkAUSE THAT CHECJS WHETHEr CODON zS E.UAk TO "/��"

n slblc �DD ANOTHEr Ekz! CkAUSE THAT CHECJS WHETHEr CODON zS E.UAk TO "/f�"

DkrDc
Pr0NTp’/H0S 0S NOT A JNOWN STOP CODON)’(

rOLUT0ON bODE

CODON e ’/4�’

we CODON ee ’/�4’c
Pr0NTp’/H0S 0S STOP CODON /�4=’(

Dkwe CODON ee ’/��’c
Pr0NTp’/H0S 0S STOP CODON /��=’(

Dkwe CODON ee ’/4�’c
Pr0NTp’/H0S 0S STOP CODON /4�=’(

DkrDc
Pr0NTp’/H0S 0S NOT A JNOWN STOP CODON)’(
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/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT COrrECTLY rECOGN0ZES <2LT0PLE STOP CODONS W0TH A
SELECT0ON STr2CT2rE)��

/HE CODONS gs�4g: gs��g: AND gs4�g SHO2LD EACH PrOD2CE A SPEC0F0C STOP CODON <ESSAGE)

!Or AN 2NJNOWN CODON: S2CH AS g44]g: THE ST2DENT SHO2LD Pr0NT THE GENErAL <ESSAGE gsH0S 0S NOT
A JNOWN STOP CODON)g��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT DOES NOT CA2SE AN ErrOr WHEN THE CODE 0S EwEC2TED)
h vHETHEr THE ST2DENT COrrECTLY rECOGN0ZES gs�4g AS A STOP CODON)
h vHETHEr THE ST2DENT COrrECTLY rECOGN0ZES gs��g AS A STOP CODON)
h vHETHEr THE ST2DENT COrrECTLY rECOGN0ZES gs4�g AS A STOP CODON)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT gELSEg <ESSAGE FOr AN 2NJNOWN CODON)
h vHETHEr THE ST2DENT WOrJS CASEhSENS0T0VELY AND DOES NOT rECOGN0ZE gTAGg AS gs�4g)
h vHETHEr THE ST2DENT Pr0NTS THE EwPECTED TEwTS EwACTLY)

999 !EEDBACJ THE ST2DENT CAN rECE0VE

h gsHE CODE COULD NOT BE EwECUTED FOr CODON "bCODONu0NPUT{") drrOr MESSAGEc bE{g
h gdrrOr FOr CODON ’bCODONu0NP2T{’c
dwPECTEDc ’bEwPECTEDuO2TP2T{’
xO2r CODE Pr0NTEDc ’bACT2AL{’g

dwERC0SE fic bLASS0FY0NG CODONSc rTART: STOP: OR COD0NGq
bONCEPTS

] _AR0ABLES
] rTR0NGS
] •OMPAR0SONS p––(
] <ULT0PLE EL0F CLAUSES
] dLSE CLAUSE
] 1R0NT OUTPUT

9THER rUBiECT bONCEPTS

] ,m� BASES
] •ODONS pTR0PLETS(
] rTART CODON p�/4(
] rTOP CODONS p/�4: /��: /4�(
] /RANSLAT0ON

1ROBLEM ,ESCR0PT0ON

-N B0OLOGY: GENET0C 0NFORMAT0ON 0S TRANSLATED 0NTO PROTE0NS% /H0S PROCESS ALWAYS STARTS AT A SPEC0fiC CODONc THE START
CODON p�/4(% /HE PROCESS ENDS WHEN ONE OF THE THREE STOP CODONS p/�4: /��: OR /4�( 0S REACHED% �LL OTHER
COMB0NAT0ONS OF THREE BASES ARE CALLED COD0NG CODONS%

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO D0ST0NGU0SH THREE SCENAR0OS US0NG 0F: EL0F: AND ELSE% mOW WE EXPAND
THE STRUCTURE TO fiVE POSS0BLE BRANCHES SO THAT WE CAN NAME EACH TYPE OF CODON SPEC0fiCALLY%

;
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/ASKc •OMPLETE THE CODE SO THAT THE PROGRAM CHECKS THE VAR0ABLE CODON FOR THE FOLLOW0NG fiVE SCENAR0OSc o% -F CODON
0S EQUAL TO �/4: PR0NT EXACTLYc /H0S 0S THE STArT CODON p�/4() 3% -F CODON 0S EQUAL TO /�4: PR0NT EXACTLYc /H0S
0S STOP CODON /�4) t% -F CODON 0S EQUAL TO /��: PR0NT EXACTLYc /H0S 0S STOP CODON /��) fl% -F CODON 0S EQUAL TO
/4�: PR0NT EXACTLYc /H0S 0S STOP CODON /4�) fi% -N ALL OTHER CASES: PR0NT EXACTLYc /H0S 0S A COD0NG CODON)

dXAMPLE oc h -NPUTc CODON – �/4 h 9UTPUTc /H0S 0S THE START CODON p�/4(%

dXAMPLE 3c h -NPUTc CODON – 4]/ h 9UTPUTc /H0S 0S A COD0NG CODON%

rCAfOLDED /EMPLATE

CODON e ’�/4’

we CODON ee ’�/4’c
n slblc 1rzNT THE MESSAGE !Or THE STArT CODON

Dkwe CODON ee ’/�4’c
n slblc 1rzNT THE MESSAGE !Or STOP CODON /�f

Dkwe CODON ee ’/��’c
n slblc 1rzNT THE MESSAGE !Or STOP CODON /��

Dkwe CODON ee ’/4�’c
n slblc 1rzNT THE MESSAGE !Or STOP CODON /f�

DkrDc
n slblc 1rzNT THE MESSAGE !Or Akk OTHEr CODzNG CODONS

rOLUT0ON bODE

CODON e ’�/4’

we CODON ee ’�/4’c
Pr0NTp’/H0S 0S THE STArT CODON p�/4()’(

Dkwe CODON ee ’/�4’c
Pr0NTp’/H0S 0S STOP CODON /�4)’(

Dkwe CODON ee ’/��’c
Pr0NTp’/H0S 0S STOP CODON /��)’(

Dkwe CODON ee ’/4�’c
Pr0NTp’/H0S 0S STOP CODON /4�)’(

DkrDc
Pr0NTp’/H0S 0S A COD0NG CODON)’(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT COrrECTLY rECOGN0ZES D0FFErENT TYPES OF CODONS)

/HE CODON g�s4g SHO2LD BE rECOGN0ZED AS A STArT CODON)

/HE CODONS gs�4g: gs��g: AND gs4�g SHO2LD BE rECOGN0ZED AS STOP CODONS)

#THEr CODONS: S2CH AS g4]sg AND gss]g: SHO2LD BE rECOGN0ZED AS COD0NG CODONS)

999 vHAT 0S TESTEDq

e
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h vHETHEr THE ST2DENT Pr0NTS SO<ETH0NG FOr EACH TESTED CODON)
h vHETHEr THE ST2DENT COrrECTLY rECOGN0ZES g�s4g AS A STArT CODON)
h vHETHEr THE ST2DENT COrrECTLY rECOGN0ZES gs�4g AS A STOP CODON)
h vHETHEr THE ST2DENT COrrECTLY rECOGN0ZES gs��g AS A STOP CODON)
h vHETHEr THE ST2DENT COrrECTLY rECOGN0ZES gs4�g AS A STOP CODON)
h vHETHEr THE ST2DENT COrrECTLY TrEATS OTHEr CODONS AS COD0NG CODONS)
h vHETHEr THE ST2DENT Pr0NTS THE EwPECTED TEwT EwACTLY)
h vHETHEr THE ST2DENT PAYS ATTENT0ON TO CAP0TAL0ZAT0ON: SPACES: AND P2NCT2AT0ON)

999 !EEDBACJ THE ST2DENT CAN rECE0VE

h gdrrOrc mOTH0NG WAS Pr0NTED FOr THE S0TUAT0ON "bLABEL{")g
h gdrrOr WH0LE TEST0NG bLABEL{)
dwPECTEDc ’bEwPECTED{’
xO2r O2TP2Tc ’bACT2ALuO2TP2T{’
/0Pc 1AY ATTENT0ON TO CAP0TAL0ZAT0ON: SPACES: AND THE PEr0OD AT THE END)g
h g�N UNEwPECTED ErrOr OCCUrrED WH0LE TEST0NG "bCODONuVAL{"c bE{g

n
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4ENERATED dwERC0SES
-NTRODUCT0E VAN DE OEFEN0NGENREEKS

,EZE OEFEN0NGENREEKS 0NTRODUCEERT COND0T0ONELE 0NSTRUCT0ES AAN DE HAND VAN EEN B0OLOG0SCHE CONTEXT
ROND GENEXPRESS0E: CODONS EN E0W0TTEN% ,E OEFEN0NGEN GEBRU0KEN STARTh EN STOPCODONS ALS CONCRETE
VOORBEELDEN OM BESL0SS0NGEN 0N CODE TE MAKEN%

>ET DOEL VAN DE REEKS 0S DAT LEERL0NGEN LEREN OM 0F: ELSE EN EL0F TE GEBRU0KEN OM B0OLOG0SCHE GEGEVENS
TE CLASS0fiCEREN% ,E FOCUS L0GT OP HET HERKENNEN VAN VERSCH0LLENDE SOORTEN CODONS: ZOALS STARTCODONS:
STOPCODONS EN ANDERE CODONS%

uERONDERSTELDE VOORKENN0S

kEERL0NGEN WORDEN VERONDERSTELD AL VERTROUWD TE Z0iN METc

] VAR0ABELENs
] EENVOUD0GE STR0NGWAARDENs

9NDERWERPEN B0NNEN DE SCOPE

] 0Fs
] 0FsELSEs
] EL0F%

,E REEKS BOUWT OP VAN ééN EENVOUD0GE CONTROLE MET 0F NAAR MEERDERE VERTAKK0NGEN MET 0FsEL0FsELSE%
9P HET E0NDE CLASS0fiCEREN LEERL0NGEN EEN CODON ALS rTArT: rTOP OF ]OD0NG%

9NDERWERPEN BU0TEN DE SCOPE

] GENESTE COND0T0ONELE 0NSTRUCT0ESs
] SAMENGESTELDE VOORWAARDEN MET AND OF Or%
] l:g

dwERC0SE oc gERKENN0NG VAN HET STARTCODON
bONCEPTS

] _AR0ABELEN
] rTR0NGS
] -FhSTRUCTUUR
] _ERGEL0iK0NG MET ––

9THER rUBiECT bONCEPTS

] a0OLOG0Ec ,m�: CODONS EN HET STARTCODON

1ROBLEM ,ESCR0PT0ON

-N DE B0OLOG0E WORDT ,m� GELEZEN 0N GROEPiES VAN DR0E LETTERS: D0E WE CODONS NOEMEN% dEN SPEC0fiEK CODON: "�/4‘: 0S
HET STARTCODONc HET GEEFT AAN WAAR DE VERTAL0NG NAAR EEN E0W0T MOET BEG0NNEN% -N DEZE OEFEN0NG LEER iE HOE iE MET
EEN 0FhSTRUCTUUR KUNT CONTROLEREN OF EEN TEKST pSTR0NG( OVEREENKOMT MET EEN SPEC0fiEKE WAARDE%

9PDRACHTc _UL DE CODE AAN ZODAT HET PROGRAMMA CONTROLEERT OF DE VAR0ABELE "CODON‘ EXACT GEL0iK 0S AAN DE TEKST
"�/4‘% �LS DAT HET GEVAL 0S: MOET HET PROGRAMMA DE Z0N ",0T 0S EEN STARTCODON=‘ OP HET SCHERM TONEN%

o
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_OORBEELDc h -NPUTc CODON – "�/4‘ hg 9UTPUTc ,0T 0S EEN STARTCODON= h -NPUTc CODON – "/44‘ hg 9UTPUTc pGEEN
OUTPUT(

rCAfOLDED /EMPLATE

n ,E VArzABEkE CODON BEVAT EEN GrOEPiE VAN DrzE BASEN
CODON e ’�/4’

n fEBrUzJ EEN z!hSTrUCTUUr OM TE CONTrOkErEN O! HET CODON EEN STArTCODON zS
n slblc rCHrzi! EEN z!hSTATEMENT DzE CONTrOkEErT O! CODON GEkziJ zS AAN "�/f"
n slblc fEBrUzJ PrzNTp( OM DE TEJST ",zT zS EEN STArTCODON=" WEEr TE GEVEN AkS DE VOOrWAArDE

JkOPT��

rOLUT0ON bODE

CODON e ’�/4’

we CODON ee ’�/4’c
Pr0NTp’,0T 0S EEN STArTCODON=’(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG EEN g0FghSTr2CT22r GEBr20JT O< HET STArTCODON g�s4g
TE HErJENNEN)��

�LS gCODONg EwACT GEL0iJ 0S AAN g�s4g: <OET DE Z0N g,0T 0S EEN STArTCODON=g GEPr0NT WOrDEN)

-N ANDErE GEVALLEN <AG Er N0ETS GEPr0NT WOrDEN)

999 vAT WOrDT GETESTq

h #F DE LEErL0NG GEEN FO2T VErOOrZAAJT T0iDENS HET 20TVOErEN VAN DE CODE)
h #F DE LEErL0NG DE i20STE BOODSCHAP Pr0NT WANNEEr gCODONg GEL0iJ 0S AAN g�s4g)
h #F DE LEErL0NG N0ETS Pr0NT WANNEEr gCODONg GEL0iJ 0S AAN gs44g)
h #F DE LEErL0NG HOOFDLETTErGEVOEL0G VErGEL0iJT EN gATGg N0ET HErJENT ALS STArTCODON)
h #F DE LEErL0NG EwACT VErGEL0iJT <ET g�s4g)
h #F DE LEErL0NG N0ET DE g0NghOPErATOr GEBr20JT WAArDOOr B0iVOOrBEELD g��s4g FO2T0EF WOrDT

HErJEND)��

h #F DE LEErL0NG <Aw0<AAL jjN rEGEL Pr0NT)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g-NTErNE FOUTc STUDENTuCODE N0ET GEVONDEN)g
h g,E CODE VErOOrZAAJTE EEN FOUT B0i U0TVOEr0NGc bE{g
h ga0i CODON e "�s4" VErWACHTEN WE EwACT DE Z0N "bEwPECTEDuMSG{": MAAr JrEGENc "bOUTPUTuATG{"g
h g!OUTc �LS HET CODON "s44" 0S: MAG Er N0ETS GEPr0NT WOrDEN) IOUW CODE Pr0NTTEc

"bOUTPUTuTGG{") ]ONTrOLEEr iE 0FhSTrUCTUUr)g��

h gkET OPc ,m�hCODES Z0iN HOOFDLETTErGEVOEL0G) ,E WAArDE "ATG" pJLE0NE LETTErS( MAG N0ET
HErJEND WOrDEN ALS STArTCODON)g��

h gIE CODE Pr0NT OOJ 0ETS B0i "��s4") ,E VErGEL0iJ0NG MOET EwACT Z0iN pGEBrU0J ee EN GEEN
"0N"()g��

h gIE Pr0NT TE VEEL rEGELS pbLENpOUTPUTuL0NES({() dr MAG Er MAAr o OP HET SCHErM VErSCH0iNEN)g
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dwERC0SE 3c rTOPCODONS gERKENNEN MET 0F6ELSE
bONCEPTS

] _AR0ABELEN
] rTR0NGS
] _ERGEL0iK0NG MET ––
] 0F6ELSEhSTRUCTUUR
] /EKSTUELE OUTPUT V0A PR0NT

9THER rUBiECT bONCEPTS

] a0OLOG0E p,m�hTRANSLAT0E(
] rTOPCODONS p/�4(

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE MET EEN 0FhSTRUCTUUR KUNT CONTROLEREN OF EEN CODON HET STARTCODON "�/4‘
0S% <AAR WAT ALS iE OOK 0ETS W0LT DOEN WANNEER DE COND0T0E N0ET WAAR 0Sq ,AARVOOR GEBRU0KEN WE EEN ELSEhCLAUSULE%

-N DE B0OLOG0E STOPT DE TRANSLAT0E pHET VERTALEN VAN DE GENET0SCHE CODE NAAR EEN E0W0T( B0i EEN STOPCODON: ZOALS "/�4‘%
-N DEZE OEFEN0NG SCHR0iF iE EEN PROGRAMMA DAT EEN B0NA0RE BESL0SS0NG NEEMTc 0S HET CODON EEN STOPCODON OF N0ETq

9PDRACHTc _UL DE CODE AAN ZODAT HET PROGRAMMA CONTROLEERT OF DE VAR0ABELE "CODON‘ GEL0iK 0S AAN "/�4‘% h �LS DE
COND0T0E WAAR 0S: PR0NT DAN EXACTc ",0T 0S EEN STOPCODON=‘ h -N ALLE ANDERE GEVALLEN pELSE(: PR0NT DAN EXACTc ",0T 0S
GEEN STOPCODON%‘

_OORBEELD oc h -NPUTc CODON – "/�4‘ h 9UTPUTc ,0T 0S EEN STOPCODON=

_OORBEELD 3c h -NPUTc CODON – "•••‘ h 9UTPUTc ,0T 0S GEEN STOPCODON%

rCAfOLDED /EMPLATE

CODON e ’/�4’ n IE JUNT DzT VErANDErEN NAAr "���" OM DE ANDErE JANT VAN DE z!hSTrUCTUUr TE
TESTEN��

n fEBrUzJ EEN z!sEkSEhSTrUCTUUr OM HET CODON TE CONTrOkErEN
we CODON ee ’/�4’c

n slblc fEBrUzJ PrzNT OM AAN TE GEVEN DAT HET EEN STOPCODON zS

DkrDc
n slblc fEBrUzJ PrzNT OM AAN TE GEVEN DAT HET fddm STOPCODON zS

rOLUT0ON bODE

CODON e ’/�4’

we CODON ee ’/�4’c
Pr0NTp’,0T 0S EEN STOPCODON=’(

DkrDc
Pr0NTp’,0T 0S GEEN STOPCODON)’(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG EEN g0FhELSEghSTr2CT22r GEBr20JT O< HET STOPCODON
gs�4g TE HErJENNEN)��

t
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�LS gCODONg EwACT GEL0iJ 0S AAN gs�4g: <OET DE Z0N g,0T 0S EEN STOPCODON=g GEPr0NT WOrDEN)

_OOr ANDErE CODONS: ZOALS g���g: gTAGg OF g444g: <OET DE Z0N g,0T 0S GEEN STOPCODON)g GEPr0NT
WOrDEN)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG GEEN FO2T VErOOrZAAJT T0iDENS HET 20TVOErEN VAN DE CODE)
h #F DE LEErL0NG DE i20STE BOODSCHAP Pr0NT WANNEEr gCODONg GEL0iJ 0S AAN gs�4g)
h #F DE LEErL0NG DE gELSEghCLA2S2LE COrrECT GEBr20JT VOOr EEN CODON DAT GEEN STOPCODON 0S)
h #F DE LEErL0NG HOOFDLETTErGEVOEL0G VErGEL0iJT EN gTAGg N0ET HErJENT ALS gs�4g)
h #F DE LEErL0NG DE VErWACHTE TEJST EwACT Pr0NT: 0NCL2S0EF HET 20TrOEPTEJEN B0i g,0T 0S EEN

STOPCODON=g)��

h #F DE LEErL0NG OOJ B0i EEN ANDEr W0LLEJE2r0G CODON: ZOALS g444g: DE gELSEghCLA2S2LE
20TVOErT)��

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h gdr TrAD EEN FOUT OP B0i HET U0TVOErEN VAN DE CODEc bE{g
h g!OUTc a0i CODON e "s�4" VErWACHTEN WE EwACT DE TEJST "bEwPECTEDuTAG{": MAAr JrEGENc

"brESULTuTAG{"g��

h g!OUTc a0i CODON e "���" VErWACHTEN WE EwACT DE TEJST "bEwPECTEDuAAA{": MAAr JrEGENc
"brESULTuAAA{"g��

h g!OUTc 1YTHON 0S HOOFDLETTErGEVOEL0G) "TAG" pJLE0NE LETTErS( MAG N0ET HErJEND WOrDEN ALS HET
STOPCODON "s�4")g��

h g!OUTc IE BENT WAArSCH0iNL0iJ HET U0TrOEPTEJEN p=( VErGETEN AAN HET E0NDE VAN DE Z0N)g
h g!OUTc _OOr EEN W0LLEJEUr0G CODON ZOALS "444" MOET DE ELSEhCLAUSULE U0TGEVOErD WOrDEN)g

dwERC0SE tc ,R0E rCENAR0O?Sc lEERDERE rTOPCODONS gERKENNEN
bONCEPTS

] VAR0ABELE CODON
] VERGEL0iK0NG MET ––
] EL0FhCLAUSULE
] ELSEhCLAUSULE
] TEKSTUELE OUTPUT V0A PR0NT

9THER rUBiECT bONCEPTS

] a0OLOG0E p,m�hTRANSLAT0E: STOPCODONS(

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE MET EEN 0F6ELSEhSTRUCTUUR KUNT CONTROLEREN OF EEN CODON HET STOPCODON
"/�4‘ 0S% -N DE B0OLOG0E Z0iN ER ECHTER MEERDERE STOPCODONS D0E HET E0NDE VAN DE TRANSLAT0E MARKEREN% 9M EEN
PROGRAMMA TE MAKEN DAT TUSSEN DR0E VERSCH0LLENDE S0TUAT0ES KAN K0EZEN: GEBRU0KEN WE DE "EL0F‘hCLAUSULE%

<ET "0F‘ CONTROLEER iE DE EERSTE COND0T0E% <ET "EL0F‘ pEEN AFKORT0NG VOOR "ELSE 0F‘( VOEG iE EEN EXTRA SPEC0fiEKE CONTROLE
TOE VOOR ALS DE EERSTE N0ET WAAR 0S% ,E "ELSE‘ WORDT ALLEEN U0TGEVOERD ALS GEEN ENKELE VAN DE BOVENSTAANDE COND0T0ES
WAAR Z0iN%

9PDRACHTc _UL DE CODE AAN ZODAT HET PROGRAMMA DE VAR0ABELE "CODON‘ CONTROLEERT OP DE VOLGENDE DR0E SCENAR0O‘Sc o%
�LS "CODON‘ GEL0iK 0S AAN "/�4‘: PR0NT DAN EXACTc ",0T 0S STOPCODON /�4=‘ 3% �LS "CODON‘ GEL0iK 0S AAN "/��‘: PR0NT
DAN EXACTc ",0T 0S STOPCODON /��=‘ t% -N ALLE ANDERE GEVALLEN: PR0NT DAN EXACTc ",0T 0S GEEN STOPCODON VAN D0T TYPE%‘

_OORBEELD oc h -NPUTc CODON – "/�4‘ h 9UTPUTc ,0T 0S STOPCODON /�4=

_OORBEELD 3c h -NPUTc CODON – "/��‘ h 9UTPUTc ,0T 0S STOPCODON /��=

fl
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_OORBEELD tc h -NPUTc CODON – "44•‘ h 9UTPUTc ,0T 0S GEEN STOPCODON VAN D0T TYPE%

rCAfOLDED /EMPLATE

CODON e ’/��’

we CODON ee ’/�4’c
n slblc 1rzNT DE iUzSTE TEJST VOOr SCENArzO o
O�rr

n slblc _OEG HzEr EEN Ekz!hCkAUSUkE TOE VOOr CODON "/��"
n slblc 1rzNT DE iUzSTE TEJST VOOr SCENArzO 3

DkrDc
n slblc 1rzNT DE iUzSTE TEJST VOOr SCENArzO t
O�rr

rOLUT0ON bODE

CODON e ’/��’

we CODON ee ’/�4’c
Pr0NTp’,0T 0S STOPCODON /�4=’(

Dkwe CODON ee ’/��’c
Pr0NTp’,0T 0S STOPCODON /��=’(

DkrDc
Pr0NTp’,0T 0S GEEN STOPCODON VAN D0T TYPE)’(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG EEN g0FhEL0FhELSEghSTr2CT22r GEBr20JT O< VErSCH0LLENDE
STOPCODONS TE HErJENNEN)��

�LS gCODONg GEL0iJ 0S AAN gs�4g: <OET DE LEErL0NG g,0T 0S STOPCODON s�4=g Pr0NTEN)

�LS gCODONg GEL0iJ 0S AAN gs��g: <OET DE LEErL0NG g,0T 0S STOPCODON s��=g Pr0NTEN)

_OOr ANDErE WAArDEN: ZOALS g44]g EN gs4�g: <OET DE LEErL0NG g,0T 0S GEEN STOPCODON VAN D0T
TYPE)g Pr0NTEN)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG GEEN FO2T VErOOrZAAJT T0iDENS HET 20TVOErEN VAN DE CODE)
h #F DE LEErL0NG DE i20STE BOODSCHAP Pr0NT WANNEEr gCODONg GEL0iJ 0S AAN gs�4g)
h #F DE LEErL0NG DE i20STE BOODSCHAP Pr0NT WANNEEr gCODONg GEL0iJ 0S AAN gs��g)
h #F DE LEErL0NG DE gELSEghCLA2S2LE COrrECT GEBr20JT VOOr ANDErE CODONS)
h #F DE LEErL0NG N0ETS VErGEET TE Pr0NTEN B0i DE VErSCH0LLENDE TESTWAArDEN)
h #F DE LEErL0NG DE VErWACHTE TEJSTEN EwACT Pr0NT)
h #F DE LEErL0NG EEN g0FhEL0FhELSEghSTr2CT22r GEBr20JT ZOALS GEVrAAGD 0N DE OPDrACHT)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h gdr G0NG 0ETS M0S B0i HET U0TVOErEN VAN iE CODE VOOr bDESC{c bE{g
h gIE CODE Pr0NT N0ETS U0T WANNEEr CODON bDESC{ 0S) 4EBrU0J DE Pr0NTp( FUNCT0E)g
h g!O2T B0i bDESC{)
_ErWACHTc bEwPECTED{

fi
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IO2W O2TP2Tc bACT2AL{g
h gIE CODE WErJT VOOr DE TESTWAArDEN: MAAr iE HEBT GEEN ?EL0F? GEBrU0JT) 4EBrU0J EEN

0FhEL0FhELSE STrUCTUUr ZOALS GEVrAAGD 0N DE OPDrACHT)g��

dwERC0SE flc u0ER rCENAR0O?Sc �LLE ,R0E DE rTOPCODONS gERKENNEN
bONCEPTS

] _AR0ABELEN
] rTR0NGS
] _ERGEL0iK0NG MET ––
] <EERDERE EL0FhCLAUSULES
] dLSEhCLAUSULE
] 9UTPUT V0A PR0NT

9THER rUBiECT bONCEPTS

] a0OLOG0E p,m� EN TRANSLAT0E(
] rTOPCODONS p/�4: /��: /4�(

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE MET EEN 0F6EL0F6ELSEhSTRUCTUUR KON K0EZEN TUSSEN DR0E S0TUAT0ES% -N DE
B0OLOG0E Z0iN ER ECHTER DR0E VERSCH0LLENDE STOPCODONS D0E HET E0NDE VAN DE TRANSLAT0E MARKERENc /�4: /�� EN /4�%
9M VOOR ELK SPEC0fiEK STOPCODON EEN E0GEN BER0CHT TE TONEN: HEBBEN WE EEN STRUCTUUR NOD0G MET TWEE "EL0F‘hCLAUSULES%

>ER0NNER iEc WE GEBRU0KEN "0F‘ VOOR DE EERSTE CONTROLE% �LS D0E N0ET WAAR 0S: K0iKT DE COMPUTER NAAR DE "EL0F‘hBLOKKEN
D0E VOLGEN% 1AS ALS HELEMAAL N0ETS KLOPT: WORDT DE "ELSE‘ U0TGEVOERD%

9PDRACHTc _UL DE CODE AAN ZODAT HET PROGRAMMA DE VAR0ABELE "CODON‘ CONTROLEERT OP DE VOLGENDE V0ER SCENAR0O‘Sc o%
�LS "CODON‘ GEL0iK 0S AAN "/�4‘: PR0NT DAN EXACTc ",0T 0S STOPCODON /�4=‘ 3% �LS "CODON‘ GEL0iK 0S AAN "/��‘: PR0NT
DAN EXACTc ",0T 0S STOPCODON /��=‘ t% �LS "CODON‘ GEL0iK 0S AAN "/4�‘: PR0NT DAN EXACTc ",0T 0S STOPCODON /4�=‘ fl%
-N ALLE ANDERE GEVALLEN: PR0NT DAN EXACTc ",0T 0S GEEN BEKEND STOPCODON%‘

_OORBEELD oc h -NPUTc CODON – "/4�‘ h 9UTPUTc ,0T 0S STOPCODON /4�=

_OORBEELD 3c h -NPUTc CODON – "44•‘ h 9UTPUTc ,0T 0S GEEN BEKEND STOPCODON%

rCAfOLDED /EMPLATE

CODON e ’/4�’

we CODON ee ’/�4’c
Pr0NTp’,0T 0S STOPCODON /�4=’(

n slblc _OEG EEN Ekz!hCkAUSUkE TOE DzE CONTrOkEErT O! CODON GEkziJ zS AAN "/��"

n slblc _OEG NOG EEN Ekz!hCkAUSUkE TOE DzE CONTrOkEErT O! CODON GEkziJ zS AAN "/f�"

DkrDc
Pr0NTp’,0T 0S GEEN BEJEND STOPCODON)’(

rOLUT0ON bODE

CODON e ’/4�’

we CODON ee ’/�4’c
Pr0NTp’,0T 0S STOPCODON /�4=’(

Dkwe CODON ee ’/��’c
Pr0NTp’,0T 0S STOPCODON /��=’(

Dkwe CODON ee ’/4�’c
Pr0NTp’,0T 0S STOPCODON /4�=’(

7
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DkrDc
Pr0NTp’,0T 0S GEEN BEJEND STOPCODON)’(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG <EErDErE STOPCODONS COrrECT HErJENT <ET EEN
JE2ZESTr2CT22r)��

,E CODONS gs�4g: gs��g EN gs4�g <OETEN ELJ EEN SPEC0F0EJE STOPCODON<ELD0NG GEVEN)

_OOr EEN ONBEJEND CODON: ZOALS g44]g: <OET DE LEErL0NG DE ALGE<ENE <ELD0NG g,0T 0S GEEN BEJEND
STOPCODON)g Pr0NTEN)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG GEEN FO2T VErOOrZAAJT T0iDENS HET 20TVOErEN VAN DE CODE)
h #F DE LEErL0NG gs�4g COrrECT HErJENT ALS STOPCODON)
h #F DE LEErL0NG gs��g COrrECT HErJENT ALS STOPCODON)
h #F DE LEErL0NG gs4�g COrrECT HErJENT ALS STOPCODON)
h #F DE LEErL0NG VOOr EEN ONBEJEND CODON DE i20STE gELSEgh<ELD0NG Pr0NT)
h #F DE LEErL0NG HOOFDLETTErGEVOEL0G WErJT EN gTAGg N0ET HErJENT ALS gs�4g)
h #F DE LEErL0NG DE VErWACHTE TEJSTEN EwACT Pr0NT)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g,E CODE JON N0ET WOrDEN U0TGEVOErD VOOr CODON "bCODONu0NPUT{") !OUTMELD0NGc bE{g
h g!O2T B0i CODON ’bCODONu0NP2T{’c
_ErWACHTc ’bEwPECTEDuO2TP2T{’
IO2W CODE Pr0NTTEc ’bACT2AL{’g

dwERC0SE fic bODONS 0NDELENc rTART: rTOP OF bODERENDq
bONCEPTS

] _AR0ABELEN
] rTR0NGS
] _ERGEL0iK0NGEN p––(
] <EERDERE EL0FhCLAUSULES
] dLSEhCLAUSULE
] 1R0NThOUTPUT

9THER rUBiECT bONCEPTS

] ,m�hBASEN
] •ODONS p,R0ETALLEN(
] rTARTCODON p�/4(
] rTOPCODONS p/�4: /��: /4�(
] /RANSLAT0E

1ROBLEM ,ESCR0PT0ON

-N DE B0OLOG0E WORDT GENET0SCHE 0NFORMAT0E VERTAALD NAAR E0W0TTEN% ,0T PROCES BEG0NT ALT0iD B0i EEN SPEC0fiEK CODONc
HET STARTCODON p�/4(% >ET PROCES E0ND0GT WANNEER ER EEN VAN DE DR0E STOPCODONS p/�4: /�� OF /4�( WORDT
BERE0KT% �LLE ANDERE COMB0NAT0ES VAN DR0E BASEN NOEMEN WE CODERENDE CODONS%

;
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-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE DR0E SCENAR0O‘S KON ONDERSCHE0DEN MET "0F‘: "EL0F‘ EN "ELSE‘% mU GAAN WE DE
STRUCTUUR U0TBRE0DEN NAAR V0iF MOGEL0iKE TAKKEN ZODAT WE ELK TYPE CODON SPEC0fiEK KUNNEN BENOEMEN%

9PDRACHTc _UL DE CODE AAN ZODAT HET PROGRAMMA DE VAR0ABELE "CODON‘ CONTROLEERT OP DE VOLGENDE V0iF SCENAR0O‘Sc o%
�LS "CODON‘ GEL0iK 0S AAN "�/4‘: PR0NT EXACTc ",0T 0S HET STARTCODON p�/4(%‘ 3% �LS "CODON‘ GEL0iK 0S AAN "/�4‘: PR0NT
EXACTc ",0T 0S STOPCODON /�4%‘ t% �LS "CODON‘ GEL0iK 0S AAN "/��‘: PR0NT EXACTc ",0T 0S STOPCODON /��%‘ fl% �LS "CODON‘
GEL0iK 0S AAN "/4�‘: PR0NT EXACTc ",0T 0S STOPCODON /4�%‘ fi% -N ALLE ANDERE GEVALLEN: PR0NT EXACTc ",0T 0S EEN CODEREND
CODON%‘

uOORBEELD oc h -NPUTc CODON – "�/4‘ h 9UTPUTc ,0T 0S HET STARTCODON p�/4(%

uOORBEELD 3c h -NPUTc CODON – "4•/‘ h 9UTPUTc ,0T 0S EEN CODEREND CODON%

rCAfOLDED /EMPLATE

CODON e ’�/4’

we CODON ee ’�/4’c
n slblc 1rzNT DE BOODSCHAP VOOr HET STArTCODON

Dkwe CODON ee ’/�4’c
n slblc 1rzNT DE BOODSCHAP VOOr STOPCODON /�f

Dkwe CODON ee ’/��’c
n slblc 1rzNT DE BOODSCHAP VOOr STOPCODON /��

Dkwe CODON ee ’/4�’c
n slblc 1rzNT DE BOODSCHAP VOOr STOPCODON /f�

DkrDc
n slblc 1rzNT DE BOODSCHAP VOOr AkkE OVErzGE CODErENDE CODONS

rOLUT0ON bODE

CODON e ’�/4’

we CODON ee ’�/4’c
Pr0NTp’,0T 0S HET STArTCODON p�/4()’(

Dkwe CODON ee ’/�4’c
Pr0NTp’,0T 0S STOPCODON /�4)’(

Dkwe CODON ee ’/��’c
Pr0NTp’,0T 0S STOPCODON /��)’(

Dkwe CODON ee ’/4�’c
Pr0NTp’,0T 0S STOPCODON /4�)’(

DkrDc
Pr0NTp’,0T 0S EEN CODErEND CODON)’(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG VErSCH0LLENDE TYPES CODONS COrrECT HErJENT)

>ET CODON g�s4g <OET HErJEND WOrDEN ALS STArTCODON)

,E CODONS gs�4g: gs��g EN gs4�g <OETEN HErJEND WOrDEN ALS STOPCODONS)

e
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�NDErE CODONS: ZOALS g4]sg EN gss]g: <OETEN HErJEND WOrDEN ALS CODErENDE CODONS)

999 vAT WOrDT GETESTq

h #F DE LEErL0NG 0ETS Pr0NT VOOr ELJ GETEST CODON)
h #F DE LEErL0NG g�s4g COrrECT HErJENT ALS STArTCODON)
h #F DE LEErL0NG gs�4g COrrECT HErJENT ALS STOPCODON)
h #F DE LEErL0NG gs��g COrrECT HErJENT ALS STOPCODON)
h #F DE LEErL0NG gs4�g COrrECT HErJENT ALS STOPCODON)
h #F DE LEErL0NG ANDErE CODONS COrrECT BEHANDELT ALS CODErENDE CODONS)
h #F DE LEErL0NG DE VErWACHTE TEJST EwACT Pr0NT)
h #F DE LEErL0NG LET OP HOOFDLETTErS: SPAT0ES EN LEESTEJENS)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g!OUTc dr WErD N0ETS GEPr0NT VOOr DE S0TUAT0E "bLABEL{")g
h g!O2T B0i HET TESTEN VAN bLABEL{)
_ErWACHTc ’bEwPECTED{’
IO2W O2TP2Tc ’bACT2ALuO2TP2T{’
/0Pc kET OP HOOFDLETTErS: SPAT0ES EN DE P2NT AAN HET E0NDE)g
h gdr TrAD EEN ONVErWACHTE FOUT OP B0i HET TESTEN VAN "bCODONuVAL{"c bE{g

n
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4ENERATED dwERC0SES
-NTRODUCT0ON TO THE EwERC0SE SEQUENCE

/H0S EXERC0SE SEQUENCE 0NTRODUCES WH0LEhLOOPS THROUGH A B0OLOG0CAL CONTEXT AROUND GENE EXPRESS0ON:
CODONS: AND PROTE0NS% /HE EXERC0SES SHOW HOW A ,m� OR ’m� SEQUENCE CAN BE PROCESSED STEP BY
STEP US0NG A COUNTER%

/HE GOAL OF THE SEQUENCE 0S FOR STUDENTS TO LEARN HOW TO USE A WH0LE LOOP: UPDATE VAR0ABLES 0NS0DE A LOOP:
AND STOP A LOOP EARLY W0TH BrEAJ WHEN A CERTA0N COND0T0ON 0S REACHED: SUCH AS fiND0NG A STOP CODON%

�SSUMED PR0OR KNOWLEDGE

rTUDENTS ARE ASSUMED TO ALREADY BE FAM0L0AR W0THc

] VAR0ABLESs
] COND0T0ONAL STATEMENTS SUCH AS 0F AND EL0Fs
] S0MPLE COMPAR0SON OPERATORS SUCH AS ee: >: l%

/OP0CS W0TH0N SCOPE

] COUNTER PATTERNSs
] VAR0ABLES 0N LOOPSs
] BrEAJ%

/HE SEQUENCE BU0LDS UP FROM PROCESS0NG A SEQUENCE BASE BY BASE TO READ0NG CODONS 0N STEPS OF THREE% aY
THE END: STUDENTS COMB0NE A COUNTER W0TH BrEAJ TO PROCESS A SEQUENCE UNT0L A STOP CODON 0S REACHED%

/OP0CS OUTS0DE THE SCOPE

] CONT0N2Es
] NESTED LOOPSs
] COMPLEX COMB0NAT0ONS OF MULT0PLE LOOP STRUCTURES%

dwERC0SE oc ’EAD0NG ,m� BASES ONE BY ONE W0TH A COUNTER
bONCEPTS

] WH0LEhLOOPS
] 0NDEX0NG
] COUNTER VAR0ABLES
] STR0NGS

9THER rUBiECT bONCEPTS

] ,m� STRUCTUREc BASES
] a0OLOGYc GENET0CS

1ROBLEM ,ESCR0PT0ON

-N B0OLOGY: ,m� CONS0STS OF A SEQUENCE OF BASESc � p�DEN0NE(: / p/HYM0NE(: • p•YTOS0NE(: AND 4 p4UAN0NE(% /O
UNDERSTAND GENET0C CODE: WE NEED TO BE ABLE TO LOOK AT THESE BASES ONE BY ONE%

vR0TE A PROGRAM THAT GOES THROUGH A STR0NG CONTA0N0NG A ,m� SEQUENCE% 2SE A WH0LE LOOP AND AN 0NDEX: OR COUNTER:
TO D0SPLAY EACH BASE SEPARATELY ON THE SCREEN%

o
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dXAMPLE 0NPUTc

DNAuSE+2ENCE e ?�/4]/�4?

dXPECTED OUTPUTc

�
/
4
]
/
�
4

rCAfOLDED /EMPLATE

DNAuSE+2ENCE e ?�/4]/�4?
0NDEw e z

n /HE kOOP CONTzNUES AS kONG AS THE zNDEw zS SMAkkEr THAN THE kENGTH O! THE STrzNG
TfwkD 0NDEw l LENpDNAuSE+2ENCE(c

n slblc 2SE THE zNDEw TO GET THE COrrECT BASE !rOM DNAuSE.UENCE
BASE e

n slblc 1rzNT THE BASE TO THE SCrEEN

n slblc -NCrEASE THE COUNTEr pzNDEw( BY o SO THE kOOP MOVES TO THE NEwT kETTEr

rOLUT0ON bODE

DNAuSE+2ENCE e ?�/4]/�4?
0NDEw e z

TfwkD 0NDEw l LENpDNAuSE+2ENCE(c
n fET THE CUrrENT kETTEr BASED ON THE POSzTzON pzNDEw(
BASE e DNAuSE+2ENCE}0NDEw[

n ,zSPkAY THE kETTEr zN THE CONSOkE
Pr0NTpBASE(

n -NCrEASE THE COUNTEr TO rEACH THE NEwT POSzTzON
0NDEw e 0NDEw . o

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT 2SES A gWH0LEg LOOP TO Pr0NT EACH BASE FrO< THE ,m�
SE+2ENCE g�s4]s�4g SEPArATELY)��

/HE EwPECTED O2TP2T CONS0STS OF SEVEN L0NESc g�g: gsg: g4g: g]g: gsg: g�g: g4g)

-N ADD0T0ON: THE TEST CASE CHECJS WHETHEr THE ST2DENT 2SES A CO2NTEr g0NDEwg AND WHETHEr EACH
BASE 0S TE<POrAr0LY STOrED 0N THE VAr0ABLE gBASEg)��

999 vHAT 0S TESTEDq

3
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h vHETHEr THE ST2DENT Pr0NTS SO<ETH0NG W0TH gPr0NTp(g 0NS0DE THE WH0LEhLOOP)
h vHETHEr THE ST2DENT Pr0NTS EwACTLY SEVEN L0NES FOr THE ,m� SE+2ENCE g�s4]s�4g)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT BASE ON EACH L0NE)
h vHETHEr THE ST2DENT 2SES THE VAr0ABLE g0NDEwg AS A CO2NTEr 0N THE WH0LEhLOOP)
h vHETHEr THE ST2DENT COrrECTLY 0NCrEASES THE CO2NTEr g0NDEwg 0N EACH STEP)
h vHETHEr THE ST2DENT ASS0GNS EACH BASE FrO< THE ,m� SE+2ENCE TO THE VAr0ABLE gBASEg)
h vHETHEr THE VAr0ABLE gBASEg CONTA0NS THE LAST PrOCESSED BASE AFTEr THE LOOP)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h gxOUr CODE D0D NOT Pr0NT ANYTH0NG) 2SE THE Pr0NTp( FUNCT0ON 0NS0DE THE WH0LEhLOOP)g
h gxOU Pr0NTED bLENpOUTPUT({ L0NES: BUT WE EwPECTED EwACTLY bLENpEwPECTED({ FOr THE SE+UENCE

�s4]s�4)g��

h gdrrOr ON L0NE b0.o{c xOU Pr0NTED ?bG{?: BUT TH0S SHOULD HAVE BEEN ?bV{?) ]HECJ WHETHEr YOU
ArE US0NG THE COrrECT 0NDEw)g��

h gxOU NEED TO USE THE VAr0ABLE ?0NDEw? AS A COUNTEr 0N THE WH0LEhLOOP)g
h gsHE COUNTEr ?0NDEw? SHOULD BE bLENpDNAuSE+UENCE({ AT THE END OF THE LOOP: BUT 0T 0S NOW

b0NDEw{) ,0D YOU 0NCrEASE THE COUNTEr 0N EVErY STEPqg��

h gxOU NEED TO ASS0GN EACH BASE FrOM THE ,m� SE+UENCE TO THE VAr0ABLE ?BASE?)g
h gsHE LAST PrOCESSED BASE SHOULD BE ?bDNAuSE+UENCE}ho[{?: BUT 0T 0S ?bBASE{?)g

dwERC0SE 3c bOUNT0NG SPEC0fiC ,m� BASES W0TH A L0M0T
bONCEPTS

] COUNTER VAR0ABLE
] ACCUMULATOR VAR0ABLE
] 0FhSTATEMENT
] STR0NG 0NDEX0NG
] L0M0T VAR0ABLE
] WH0LEhLOOP

9THER rUBiECT bONCEPTS

] ,m� BASESc •YTOS0NE
] rEQUENCE ANALYS0S

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO USE A COUNTER TO MOVE STEP BY STEP THROUGH A ,m� STR0NG% -N B0OLOGY: 0T
0S OFTEN 0MPORTANT TO ANALYZE NOT THE ENT0RE STRAND: BUT ONLY A SPEC0fiC PART: OR FRAGMENT% -N TH0S EXERC0SE: WE W0LL
COUNT HOW OFTEN THE BASE •YTOS0NE p•( OCCURS AT THE BEG0NN0NG OF A ,m� SEQUENCE%

vR0TE A PROGRAM THAT GOES THROUGH THE fiRST oz BASES OF A ,m� STR0NG% 2SE A L0M0T VAR0ABLE TO 0ND0CATE THAT THE LOOP
MUST STOP AFTER oz CHARACTERS% -NS0DE THE LOOP: USE AN 0FhSTATEMENT TO CHECK WHETHER THE CURRENT BASE 0S A ]% -F TH0S 0S
TRUE: 0NCREASE THE ACCUMULATOR VAR0ABLE%

dXAMPLE 0NPUTc

DNAuSE+2ENCE e ?]4]/�4]4/]4�/?
L0<0T e oz

dXPECTED OUTPUTc

/HE N2<BEr OF T0<ES ] OCC2rS 0Sc f

>0NTc /H0NK BACK TO THE PREV0OUS EXERC0SE: WHERE YOU USED CO2NTEr e CO2NTEr . o TO NAV0GATE THROUGH THE STR0NG%
mOW YOU USE S0M0LAR LOG0C TO KEEP TRACK OF THE ACCUMULATOR pN2<BEruOFuC(%

t
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rCAfOLDED /EMPLATE

DNAuSE+2ENCE e ?]4]/�4]4/]4�/?
CO2NTEr e z
L0<0T e oz
N2<BEruOFuC e z n /HzS zS THE ACCUMUkATOr WE Wzkk USE

n /HE kOOP STOPS WHEN THE COUNTEr rEACHES THE kzMzT
TfwkD CO2NTEr l L0<0Tc

n fET THE BASE AT THE CUrrENT POSzTzON
BASE e DNAuSE+2ENCE}CO2NTEr[

n slblc 2SE AN z!hSTATEMENT TO CHECJ WHETHEr THE BASE zS E.UAk TO qbq
n slblc -NCrEASE THE ACCUMUkATOr "NUMBEruO!uC" BY o z! THE CONDzTzON zS TrUE

n slblc -NCrEASE THE COUNTEr BY o TO MOVE TO THE NEwT BASE

Pr0NTp?/HE N2<BEr OF T0<ES ] OCC2rS 0Sc?: N2<BEruOFuC(

rOLUT0ON bODE

DNAuSE+2ENCE e ?]4]/�4]4/]4�/?
CO2NTEr e z
L0<0T e oz
N2<BEruOFuC e z

TfwkD CO2NTEr l L0<0Tc
BASE e DNAuSE+2ENCE}CO2NTEr[

we BASE ee ?]?c
N2<BEruOFuC e N2<BEruOFuC . o

CO2NTEr e CO2NTEr . o

Pr0NTp?/HE N2<BEr OF T0<ES ] OCC2rS 0Sc?: N2<BEruOFuC(

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT CO2NTS THE N2<BEr OF g]g BASES W0TH0N THE F0rST oz
CHArACTErS OF THE ,m� SE+2ENCE g]4]s�4]4s]4�sg)��

-N THOSE F0rST oz CHArACTErS: EwACTLY f g]g BASES OCC2r)

-N ADD0T0ON: THE TEST CASE CHECJS WHETHEr THE ST2DENT 2SES THE COrrECT VAr0ABLES: WHETHEr THE
LOOP COrrECTLY STOPS AT THE L0<0T: AND WHETHEr THE EwPECTED SENTENCE 0S Pr0NTED)��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT 2SES THE VAr0ABLE gNUMBEruOFuCg TO JEEP TrACJ OF THE N2<BEr OF ] BASES)
h vHETHEr THE ST2DENT 2SES THE VAr0ABLE gCOUNTErg TO GO THrO2GH THE STr0NG)
h vHETHEr THE ST2DENT COrrECTLY CO2NTS HOW <ANY 2PPErCASE g]g BASES OCC2r W0TH0N THE F0rST oz

CHArACTErS)��

h vHETHEr THE ST2DENT <AJES THE WH0LEhLOOP STOP AT THE G0VEN L0<0T gozg)

fl
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h vHETHEr THE ST2DENT DOES NOT CONT0N2E CO2NT0NG 2NT0L THE END OF THE F2LL ,m� SE+2ENCE)
h vHETHEr THE ST2DENT Pr0NTS EwACTLY THE COrrECT TEwT)
h vHETHEr THE ST2DENT 0NCrEASES THE CO2NTEr 0NS0DE THE LOOP)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h gsHE CODE COULD NOT BE EwECUTED BECAUSE OF A SYSTEM ErrOrc bE{g
h gxOU D0D NOT USE THE VAr0ABLE NUMBEruOFuC TO JEEP TrACJ OF THE COUNT)g
h gxOU D0D NOT USE THE VAr0ABLE COUNTEr TO GO THrOUGH THE STr0NG)g
h gsHE CALCULATED NUMBEr OF ] BASES 0S bNUMBEruOFuC{: BUT 0T SHOULD HAVE BEEN f) ,0D YOU CHECJ

FOr THE UPPErCASE LETTEr ] COrrECTLYqg��

h gxOUr LOOP D0D NOT STOP COrrECTLY AT THE L0M0T) sHE COUNTEr 0S NOW bCOUNTEr{: WH0LE THE L0M0T
0S bL0M0T{) 2SE THE COND0T0ON WH0LE COUNTEr l L0M0T)g��

h gsHE Pr0NTED TEwT 0S NOT COrrECT) 1AY ATTENT0ON TO SPACES AND CAP0TAL0ZAT0ON) dwPECTEDc
?bEwPECTEDuOUTPUT{?: BUT YOUr CODE GAVEc ?bOUTPUT{?g��

h gsHE COUNTEr WAS NOT 0NCrEASED 0NS0DE THE LOOP) ,O NOT FOrGET TO ADD COUNTEr e COUNTEr . o)g

999 mOTE ABO2T THE TEST CASE

/HE CHECJ FOr FOrGETT0NG TO 0NCrEASE THE CO2NTEr ONLY WOrJS rEL0ABLY 0F THE A2TO<AT0C
EVAL2AT0ON ALSO 2SES A T0<EO2T) v0THO2T A T0<EO2T: AN 0NF0N0TE LOOP <AY PrEVENT THE TEST
CASE FrO< CONT0N20NG)

��

��

dwERC0SE tc ,m� CODONSc IUMP0NG THROUGH THE SEQUENCE
bONCEPTS

] COUNTER VAR0ABLE
] L0M0T VAR0ABLE
] 0NCREMENT BY t
] STR0NG 0NDEX0NG
] WH0LEhLOOP W0TH COND0T0ON

9THER rUBiECT bONCEPTS

] ,m� BASES
] •ODONSc TR0PLETS

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO USE A COUNTER TO MOVE STEP BY STEP THROUGH A ,m� STR0NG BY 0NCREAS0NG
THE COUNTER BY o EACH T0ME% -N B0OLOGY: HOWEVER: ,m� 0S OFTEN READ 0N GROUPS OF THREE: WH0CH WE CALL CODONS%

-N TH0S EXERC0SE: WE W0LL LOOK AT THE START POS0T0ON OF EACH CODON% /O DO TH0S: WE SHOULD NOT LOOK AT EVERY BASE: BUT
iUMP THROUGH THE ,m� SEQUENCE 0N STEPS OF THREE p0NDEX z: t: 7: AND SO ON(%

vR0TE A PROGRAM THAT GOES THROUGH A ,m� STR0NG OF o3 BASES AND PR0NTS THE BASE THAT APPEARS AT THE START OF EACH
CODON% 2SE A L0M0T OF o3 TO STOP THE LOOP%

dXAMPLE 0NPUTc

DNAuSE+2ENCE e ?�/4]4/�]4/4�?

dXPECTED OUTPUTc

aASE AT STArT POS0T0ONc �
aASE AT STArT POS0T0ONc ]
aASE AT STArT POS0T0ONc �
aASE AT STArT POS0T0ONc /

>0NTc -N THE PREV0OUS EXERC0SE: YOU USED CO2NTEr e CO2NTEr . o% >OW CAN YOU ADiUST THE COUNTER TO MOVE t STEPS
AT A T0MEq

fi
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rCAfOLDED /EMPLATE

DNAuSE+2ENCE e ?�/4]4/�]4/4�?
CO2NTEr e z
L0<0T e o3

TfwkD CO2NTEr l L0<0Tc
n slblc fET THE BASE AT THE CUrrENT zNDEw pCOUNTEr( !rOM DNAuSE.UENCE
BASE e

n slblc 1rzNT THE EwACT TEwT qaASE AT STArT POSzTzONc q !OkkOWED BY THE !OUND BASE
Pr0NTp?aASE AT STArT POS0T0ONc?: )))(

n slblc -NCrEASE THE COUNTEr BY t TO iUMP TO THE NEwT CODON
CO2NTEr e

rOLUT0ON bODE

DNAuSE+2ENCE e ?�/4]4/�]4/4�?
CO2NTEr e z
L0<0T e o3

TfwkD CO2NTEr l L0<0Tc
BASE e DNAuSE+2ENCE}CO2NTEr[
Pr0NTp?aASE AT STArT POS0T0ONc?: BASE(
CO2NTEr e CO2NTEr . t

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT 2SES A gWH0LEg LOOP TO GO THrO2GH THE ,m� SE+2ENCE
g�s4]4s�]4s4�g 0N STEPS OF t)��

/HE ST2DENT <2ST Pr0NT THE BASE AT THE STArT POS0T0ON OF EACH CODON)

/HE EwPECTED O2TP2T CONS0STS OF FO2r L0NESc
gaASE AT STArT POS0T0ONc �g: gaASE AT STArT POS0T0ONc ]g: gaASE AT STArT POS0T0ONc �g: gaASE

AT STArT POS0T0ONc sg)��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT DOES NOT 2SE AN 0NDEw O2TS0DE THE ,m� SE+2ENCE)
h vHETHEr THE ST2DENT Pr0NTS SO<ETH0NG 0NS0DE THE WH0LEhLOOP)
h vHETHEr THE ST2DENT 0NCrEASES THE CO2NTEr 0N STEPS OF t 0NSTEAD OF STEPS OF o)
h vHETHEr THE ST2DENT Pr0NTS EwACTLY FO2r L0NES FOr A SE+2ENCE OF o3 BASES)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT BASE AT EACH STArT POS0T0ON OF A CODON)
h vHETHEr THE ST2DENT Pr0NTS THE TEwT EwACTLY AS EwPECTED: 0NCL2D0NG SPACES AND WOrD0NG)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h g-NDEwdrrOrc xOU ArE TrY0NG TO GET A BASE AT AN 0NDEw OUTS0DE THE STr0NG) ,0D YOU SET THE
L0M0T OF o3 COrrECTLYqg��

h g�N ErrOr OCCUrrED WH0LE EwECUT0NG YOUr CODEc bE{g
h gxOUr CODE D0D NOT Pr0NT ANYTH0NG) ,O NOT FOrGET TO USE THE Pr0NTp( FUNCT0ON 0NS0DE THE

WH0LEhLOOP)g��
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h gxOU Pr0NTED o3 L0NES) sH0S MEANS YOU ArE LOOJ0NG AT EVErY BASE pSTEPS OF o() sHE TASJ 0S TO
iUMP BY CODON pSTEPS OF t()g��

h gxOU Pr0NTED bLENpOUTPUT({ L0NES: BUT WE EwPECTED EwACTLY f pONE FOr EACH CODON 0N A SE+UENCE
OF o3 BASES()g��

h gdrrOr ON L0NE b0.o{c WE EwPECTED ?bEwPECTEDuL0NE{?: BUT YOUr CODE Pr0NTED ?bPr0NTED{?) 1AY
ATTENT0ON TO THE SPACES AND THE TEwT=g��

dwERC0SE flc ,m� STOP CODONSc dND0NG THE LOOP EARLY
bONCEPTS

] BREAKhSTATEMENT
] WH0LEhLOOP
] 0FhSTATEMENT
] STR0NG SL0C0NGc t CHARACTERS
] COUNTER W0TH STEP S0ZE t

9THER rUBiECT bONCEPTS

] a0OLOGYc ,m� TRANSLAT0ON: CODONS: STOP CODONS

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SE: YOU LEARNED HOW TO USE A COUNTER TO iUMP THROUGH A ,m� SEQUENCE 0N STEPS OF t% -N B0OLOGY:
THESE GROUPS OF THREE BASES ARE CALLED CODONS% rOME CODONS: SUCH AS /�4: ARE STOP CODONS% /HEY 0ND0CATE THAT THE
PROCESS OF MAK0NG A PROTE0N MUST STOP 0MMED0ATELY%

-N TH0S EXERC0SE: WE W0LL LOOK AT A ,m� STR0NG% xOU USE A WH0LEhLOOP TO TAKE t LETTERS: ONE CODON: AT A T0ME US0NG
STR0NG SL0C0NG% -F THE CODON 0S /�4: YOU MUST PR0NT A MESSAGE AND 0MMED0ATELY END THE LOOP W0TH A BrEAJ STATEMENT%
-F 0T 0S NOT A STOP CODON: PR0NT THE CODON AND CONT0NUE TO THE NEXT ONE%

dXAMPLE 0NPUTc

DNAuSE+2ENCE e ?4]/�/]/�4444?

dXPECTED OUTPUTc

]ODONc 4]/
]ODONc �/]
rTOP CODON /�4 FO2ND= vE STOP rEAD0NG)

>0NTc 2SE THE LOG0C FROM THE PREV0OUS EXERC0SE pCO2NTEr e CO2NTEr . t( AND COMB0NE 0T W0TH AN 0FhSTATEMENT AND
THE BREAK COMMAND%

rCAfOLDED /EMPLATE

DNAuSE+2ENCE e ?4]/�/]/�4444?
CO2NTEr e z
L0<0T e o3

TfwkD CO2NTEr l L0<0Tc
n slblc 2SE STrzNG SkzCzNG TO GET t BASES STArTzNG !rOM THE CUrrENT COUNTEr
CODON e DNAuSE+2ENCE}CO2NTErcCO2NTEr.t[

n slblc 2SE AN z!hSTATEMENT TO CHECJ WHETHEr THE CODON zS E.UAk TO q/�fq
we CODON ee ?/�4?c

Pr0NTp?rTOP CODON /�4 FO2ND= vE STOP rEAD0NG)?(
n slblc �DD THE BrEAJ STATEMENT HErE TO STOP THE kOOP

n -! zT zS NOT /�f: WE PrzNT THE CODON
Pr0NTp?]ODONc?: CODON(

;
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n slblc -NCrEASE THE COUNTEr BY t TO MOVE TO THE NEwT CODON

rOLUT0ON bODE

DNAuSE+2ENCE e ?4]/�/]/�4444?
CO2NTEr e z
L0<0T e o3

TfwkD CO2NTEr l L0<0Tc
n fET THE CODON O! t kETTErS
CODON e DNAuSE+2ENCE}CO2NTErcCO2NTEr.t[

n bHECJ !Or THE STOP CODON
we CODON ee ?/�4?c

Pr0NTp?rTOP CODON /�4 FO2ND= vE STOP rEAD0NG)?(
apD�h

n 1rzNT THE CUrrENT CODON
Pr0NTp?]ODONc?: CODON(

n -NCrEASE THE COUNTEr BY t !Or THE NEwT CODON
CO2NTEr e CO2NTEr . t

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT PrOCESSES A ,m� SE+2ENCE PEr CODON: <EAN0NG 0N STEPS
OF t BASES AT A T0<E)��

/HE ST2DENT <2ST Pr0NT rEG2LAr CODONS 2NT0L THE STOP CODON gs�4g 0S FO2ND)

�T THE STOP CODON: THE ST2DENT <2ST Pr0NT A STOP <ESSAGE AND THEN STOP rEAD0NG)

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT PrOD2CES O2TP2T W0TH gPr0NTp(g)
h vHETHEr THE ST2DENT 0NCrEASES THE CO2NTEr BY t EACH T0<E)
h vHETHEr THE ST2DENT DOES NOT Pr0NT OVErLAPP0NG CODONS: S2CH AS g]s�g: gs�sg: Or gs]sg)
h vHETHEr THE ST2DENT Pr0NTS THE EwACT STOP <ESSAGE WHEN THE STOP CODON gs�4g 0S FO2ND)
h vHETHEr THE ST2DENT STOPS AFTEr F0ND0NG THE STOP CODON)
h vHETHEr THE ST2DENT DOES NOT Pr0NT THE STOP CODON gs�4g AS A rEG2LAr CODON)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT CODONS 0N THE COrrECT OrDEr)
h vHETHEr THE ST2DENT Pr0NTS EwACTLY THE EwPECTED N2<BEr OF L0NES)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h g�N ErrOr OCCUrrED WH0LE EwECUT0NG YOUr CODEc bE{g
h gxOUr CODE D0D NOT PrODUCE ANY OUTPUT) <AJE SUrE YOU USE Pr0NTp()g
h g-T LOOJS L0JE YOUr COUNTEr 0S NOT 0NCrEAS0NG BY t EACH T0ME) xOU Pr0NTED bL0NE{)g
h gsHE EwACT MESSAGE ?bSTOPuMESSAGE{? WAS NOT FOUND)g
h gxOUr PrOGrAM D0D NOT STOP AFTEr F0ND0NG s�4) ,0D YOU USE THE BrEAJ STATEMENTqg
h gxOU MAY NOT Pr0NT THE STOP CODON ?s�4? AS A rEGULAr CODON) 2SE AN 0FhSTATEMENT TO PrEVENT

TH0S)g��

h gxOU Pr0NTED bLENpL0NES({ L0NES: BUT WE EwPECTED EwACTLY bLENpEwPECTEDuOUTPUT({)g
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h gdrrOr ON L0NE b0.o{c dwPECTED ?bEwPECTED{?: BUT GOT ?bACTUAL{?)g

999 mOTE ABO2T THE TEST CASE

/HE ST2DENT’S CODE 0S EwEC2TED TW0CE 0N TH0S TEST CASE)

dwERC0SE fic /RANSLAT0ONc /RANSLAT0NG A ,m� SEQUENCE
bONCEPTS

] COUNTER VAR0ABLE
] L0M0T VAR0ABLE
] 0NCREMENTc STEP S0ZE t
] BREAK
] 0FhSTATEMENT
] STR0NG SL0C0NGc t CHARACTERS

9THER rUBiECT bONCEPTS

] a0OLOGYc TRANSLAT0ON
] •ODONS AND STOP CODONS

1ROBLEM ,ESCR0PT0ON

-N THE PREV0OUS EXERC0SES: YOU LEARNED HOW TO MOVE THROUGH A ,m� STR0NG 0N STEPS OF t AND HOW TO USE BrEAJ TO
STOP A LOOP% -N TH0S EXERC0SE: WE COMB0NE THESE TECHN0QUES FOR A S0MULAT0ON OF TRANSLAT0ON%

�LTHOUGH TRANSLAT0ON 0N B0OLOGY NORMALLY TAKES PLACE ON M’m�: 0N TH0S MODEL WE USE THE ,m� COD0NG STRAND: WH0CH
HAS ALMOST THE SAME SEQUENCE AS THE M’m�% xOU ARE G0VEN A ,m� SEQUENCE OF o3 LETTERS% xOU MUST WR0TE A PROGRAM
THAT LOOKS AT TH0S SEQUENCE THREE LETTERS AT A T0ME: OR ONE CODON AT A T0ME% /HE LOOP MUST STOP 0N TWO CASESc o% /HE
COUNTER REACHES THE L0M0T OF o3: WH0CH 0S THE END OF THE SEQUENCE% 3% /HE CODON /�4 0S FOUND% -F TH0S HAPPENS: USE A
BrEAJ TO END THE LOOP 0MMED0ATELY%

dXAMPLE 0NPUTc

DNAuSE+2ENCE e ?4]/�/]/�4444?
L0<0T e o3

dXPECTED OUTPUTc

]ODONc 4]/
]ODONc �/]
rTOP CODON /�4 FO2ND= /HE S0<2LAT0ON STOPS)

>0NTc 2SE WHAT YOU LEARNED 0N THE PREV0OUS EXERC0SE% /AKE t CHARACTERS EACH T0ME W0TH DNAuSE+2ENCE}CO2NTErcCO2NTEr.t[
AND DO NOT FORGET TO 0NCREASE THE COUNTER BY t AT THE END OF THE LOOP%

rOLUT0ON bODE

DNAuSE+2ENCE e ?4]/�/]/�4444?
CO2NTEr e z
L0<0T e o3

TfwkD CO2NTEr l L0<0Tc
n 2SE STrzNG SkzCzNG TO GET THE CUrrENT CODON pt kETTErS(
CODON e DNAuSE+2ENCE}CO2NTErcCO2NTEr.t[

n 2SE AN z!hSTATEMENT TO CHECJ WHETHEr THE CODON zS E.UAk TO "/�f"
we CODON ee ?/�4?c

Pr0NTp?rTOP CODON /�4 FO2ND= /HE S0<2LAT0ON STOPS)?(
n rTOP THE kOOP zMMEDzATEkY

n
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apD�h

n 1rzNT THE CUrrENT CODON
Pr0NTp?]ODONc?: CODON(

n -NCrEASE THE COUNTEr BY t TO MOVE TO THE NEwT CODON
CO2NTEr e CO2NTEr . t

/EST bASES

99 /EST CASE

999 4OAL OF THE TEST CASE

/H0S TEST CASE CHECJS WHETHEr THE ST2DENT COrrECTLY PrOCESSES A ,m� SE+2ENCE PEr CODON: <EAN0NG
0N STEPS OF t BASES AT A T0<E)��

/HE TEST CASE 2SES <2LT0PLE ,m� SE+2ENCES TO CHECJ WHETHEr THE SOL2T0ON WOrJS NOT ONLY FOr THE
EwA<PLE 0N THE TASJ)��

-T TESTS WHETHEr THE ST2DENT Pr0NTS rEG2LAr CODONS: COrrECTLY STOPS AT THE STOP CODON gs�4g:
AND G0VES THE COrrECT O2TP2T 0N D0FFErENT S0T2AT0ONS)��

999 vHAT 0S TESTEDq

h vHETHEr THE ST2DENT DOES NOT CA2SE AN ErrOr WH0LE THE CODE 0S BE0NG EwEC2TED)
h vHETHEr THE ST2DENT PrOCESSES THE ,m� SE+2ENCE 0N GrO2PS OF t BASES)
h vHETHEr THE ST2DENT Pr0NTS rEG2LAr CODONS 0N THE FOr< g]ODONc )))g)
h vHETHEr THE ST2DENT STOPS WHEN THE STOP CODON gs�4g 0S FO2ND)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT STOP <ESSAGE AT THE STOP CODON)
h vHETHEr THE ST2DENT COrrECTLY HANDLES A ,m� SE+2ENCE W0THO2T A STOP CODON)
h vHETHEr THE ST2DENT COrrECTLY STOPS WHEN THE STOP CODON APPEArS D0rECTLY AT THE BEG0NN0NG)
h vHETHEr THE ST2DENT COrrECTLY STOPS WHEN THE STOP CODON APPEArS AT THE LAST POS0T0ON)
h vHETHEr THE ST2DENT Pr0NTS THE COrrECT N2<BEr OF L0NES)
h vHETHEr THE ST2DENT Pr0NTS THE EwPECTED L0NES 0N THE COrrECT OrDEr)

999 !EEDBACJ THE ST2DENT <AY rECE0VE

h gdrrOr 0N TEST "bTESTuNAME{"c xOUr CODE CAUSED AN ErrOrc bE{g
h gdrrOr 0N TEST ’bTESTuNA<E{’c /HE N2<BEr OF Pr0NTED L0NES 0S 0NCOrrECT)
dwPECTEDc bLENpEwPECTEDuO2TP2T({ L0NES: 4OTc bLENpACT2ALuL0NES({ L0NES)
xO2r O2TP2T WASc
bACT2ALuL0NES{g
h gdrrOr 0N TEST ’bTESTuNA<E{’ ON L0NE b0.o{c
dwPECTEDc ’bEwPECTED{’
4OTc ’bACT2AL{’g

oz

•%fi% vH0LE LOOP EXERC0SE SEQUENCE

o;;
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4ENERATED dwERC0SES
-NTRODUCT0E VAN DE OEFEN0NGENREEKS

,EZE OEFEN0NGENREEKS 0NTRODUCEERT WH0LEhLUSSEN AAN DE HAND VAN EEN B0OLOG0SCHE CONTEXT ROND GENEXh
PRESS0E: CODONS EN E0W0TTEN% ,E OEFEN0NGEN TONEN HOE EEN ,m�h OF ’m�hSEQUENT0E STAP VOOR STAP
KAN WORDEN DOORLOPEN MET EEN TELLER%

>ET DOEL VAN DE REEKS 0S DAT LEERL0NGEN LEREN OM EEN WH0LEhLUS TE GEBRU0KEN: VAR0ABELEN B0NNEN EEN LUS
B0i TE WERKEN EN EEN LUS VROEGT0iD0G TE STOPPEN MET BrEAJ WANNEER EEN BEPAALDE VOORWAARDE BERE0KT 0S:
ZOALS HET V0NDEN VAN EEN STOPCODON%

uERONDERSTELDE VOORKENN0S

kEERL0NGEN WORDEN VERONDERSTELD AL VERTROUWD TE Z0iN METc

] VAR0ABELENs
] COND0T0ONELE 0NSTRUCT0ES ZOALS 0F EN EL0Fs
] EENVOUD0GE VERGEL0iK0NGSOPERATOREN ZOALS ee: >: l%

9NDERWERPEN B0NNEN DE SCOPE

] TELLERPATRONENs
] VAR0ABELEN 0N LOOPSs
] BrEAJ%

,E REEKS BOUWT OP VAN HET DOORLOPEN VAN EEN SEQUENT0E PER BASE NAAR HET LEZEN VAN CODONS 0N STAPPEN
VAN DR0E% 9P HET E0NDE COMB0NEREN LEERL0NGEN EEN TELLER MET BrEAJ OM EEN SEQUENT0E TE VERWERKEN TOT
AAN EEN STOPCODON%

9NDERWERPEN BU0TEN DE SCOPE

] CONT0N2Es
] GENESTE LUSSENs
] COMPLEXE COMB0NAT0ES VAN MEERDERE LUSSTRUCTUREN%

dwERC0SE oc ,m�hBASEN jjN VOOR jjN LEyEN MET EEN TELLER
bONCEPTS

] WH0LEhLOOPS
] 0NDEXER0NG
] TELLERhVAR0ABELEN
] STR0NGS

9THER rUBiECT bONCEPTS

] ,m�hSTRUCTUUR pBASEN(
] a0OLOG0E pGENET0CA(

1ROBLEM ,ESCR0PT0ON

-N DE B0OLOG0E BESTAAT ,m� U0T EEN REEKS BASENc � p�DEN0NE(: / p/HYM0NE(: • p•YTOS0NE( EN 4 p4UAN0NE(% 9M DE
GENET0SCHE CODE TE BEGR0iPEN: MOETEN WE DEZE BASEN ééN VOOR ééN KUNNEN BEK0iKEN%

o

•%fi% vH0LE LOOP EXERC0SE SEQUENCE

o;n



rCHR0iF EEN PROGRAMMA DAT EEN STR0NG MET EEN ,m�hSEQUENT0E DOORLOOPT% 4EBRU0K EEN "WH0LEhLOOP‘ EN EEN 0NDEX pEEN
TELLER( OM ELKE BASE AFZONDERL0iK OP HET SCHERM TE TONEN%

_OORBEELD VAN 0NVOERc DNAuSEQUENT0E – "�/4•/�4‘

_ERWACHTE U0TVOERc � / 4 • / � 4

rCAfOLDED /EMPLATE

DNAuSE+2ENT0E e ?�/4]/�4?
0NDEw e z

n ,E kOOP GAAT DOOr yOkANG DE zNDEw JkEzNEr zS DAN DE kENGTE VAN DE STrzNG
TfwkD 0NDEw l LENpDNAuSE+2ENT0E(c

n slblc fEBrUzJ DE zNDEw OM DE iUzSTE BASE UzT DE DNAuSE.UENTzE TE HAkEN
BASE e

n slblc 1rzNT DE BASE NAAr HET SCHErM

n slblc _ErHOOG DE TEkkEr pzNDEw( MET o yODAT DE kOOP NAAr DE VOkGENDE kETTEr GAAT

rOLUT0ON bODE

DNAuSE+2ENT0E e ?�/4]/�4?
0NDEw e z

TfwkD 0NDEw l LENpDNAuSE+2ENT0E(c
n gAAk DE HUzDzGE kETTEr OP BASzS VAN DE POSzTzE pzNDEw(
BASE e DNAuSE+2ENT0E}0NDEw[

n /OON DE kETTEr zN DE CONSOkE
Pr0NTpBASE(

n _ErHOOG DE TEkkEr OM DE VOkGENDE POSzTzE TE BErEzJEN
0NDEw e 0NDEw . o

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG <ET EEN gWH0LEghLOOP ELJE BASE 20T DE ,m�hSE+2ENT0E
g�s4]s�4g AFZONDErL0iJ Pr0NT)��

,E VErWACHTE 20TVOEr BESTAAT 20T ZEVEN rEGELSc g�g: gsg: g4g: g]g: gsg: g�g: g4g)

,AArNAAST CONTrOLEErT DE TESTCASE OF DE LEErL0NG EEN TELLEr g0NDEwg GEBr20JT EN OF ELJE BASE
T0iDEL0iJ WOrDT OPGESLAGEN 0N DE VAr0ABELE gBASEg)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG 0ETS Pr0NT <ET gPr0NTp(g B0NNEN DE WH0LEhLOOP)
h #F DE LEErL0NG EwACT ZEVEN rEGELS Pr0NT VOOr DE ,m�hSE+2ENT0E g�s4]s�4g)
h #F DE LEErL0NG DE i20STE BASE Pr0NT OP ELJE rEGEL)
h #F DE LEErL0NG DE VAr0ABELE g0NDEwg GEBr20JT ALS TELLEr 0N DE WH0LEhLOOP)
h #F DE LEErL0NG DE TELLEr g0NDEwg 0N ELJE STAP COrrECT VErHOOGT)

3
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h #F DE LEErL0NG ELJE BASE 20T DE ,m�hSE+2ENT0E TOEJENT AAN DE VAr0ABELE gBASEg)
h #F DE VAr0ABELE gBASEg NA DE LOOP DE LAATST VErWErJTE BASE BEVAT)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h gIE CODE HEEFT N0ETS GEPr0NT) 4EBrU0J DE Pr0NTp( FUNCT0E B0NNEN DE WH0LEhLOOP)g
h gIE HEBT bLENpOUTPUT({ rEGELS GEPr0NT: MAAr WE VErWACHTTEN Er EwACT bLENpVErWACHT({ VOOr DE

SE+UENT0E �s4]s�4)g��

h g!OUT OP rEGEL b0.o{c IE Pr0NTTE ?bG{?: MAAr D0T MOEST ?bV{? Z0iN) ]ONTrOLEEr OF iE DE iU0STE
0NDEw GEBrU0JT)g��

h gIE MOET DE VAr0ABELE ?0NDEw? GEBrU0JEN ALS TELLEr 0N DE WH0LEhLOOP)g
h g,E TELLEr ?0NDEw? ZOU AAN HET E0NDE VAN DE LOOP bLENpDNAuSE+UENT0E({ MOETEN Z0iN: MAAr 0S NU

b0NDEw{) HEB iE DE TELLEr 0N ELJE STAP VErHOOGDqg��

h gIE MOET ELJE BASE U0T DE ,m�hSE+UENT0E TOEJENNEN AAN DE VAr0ABELE ?BASE?)g
h g,E LAATST VErWErJTE BASE ZOU ?bDNAuSE+UENT0E}ho[{? MOETEN Z0iN: MAAr 0S ?bBASE{?)g

dwERC0SE 3c rPEC0fiEKE ,m�hBASEN TELLEN MET EEN L0M0ET
bONCEPTS

] TELLERhVAR0ABELE
] ACCUMULATORhVAR0ABELE
] 0FhSTATEMENT
] STR0NGh0NDEXER0NG
] L0M0EThVAR0ABELE
] WH0LEhLOOP

9THER rUBiECT bONCEPTS

] ,m�hBASEN p•YTOS0NE(
] rEQUENT0EhANALYSE

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE MET EEN TELLER STAP VOOR STAP DOOR EEN ,m�hSTR0NG KUNT LOPEN% -N DE
B0OLOG0E 0S HET VAAK BELANGR0iK OM N0ET DE HELE STRENG: MAAR SLECHTS EEN SPEC0fiEK DEEL pEEN FRAGMENT( TE ANALYSEREN%
-N DEZE OEFEN0NG GAAN WE TELLEN HOE VAAK DE BASE •YTOS0NE p•( VOORKOMT 0N HET BEG0N VAN EEN ,m�hSEQUENT0E%

rCHR0iF EEN PROGRAMMA DAT DE EERSTE oz BASEN VAN EEN ,m�hSTR0NG DOORLOOPT% 4EBRU0K EEN L0M0EThVAR0ABELE OM AAN
TE GEVEN DAT DE LOOP MOET STOPPEN NA oz TEKENS% 4EBRU0K B0NNEN DE LOOP EEN 0FhSTATEMENT OM TE CONTROLEREN OF DE
HU0D0GE BASE EEN "•‘ 0S% �LS D0T WAAR 0S: VERHOOG iE DE ACCUMULATORhVAR0ABELE%

_OORBEELD VAN 0NVOERc DNAuSEQUENT0E – "•4•/�4•4/•4�/‘ L0M0ET – oz

_ERWACHTE U0TVOERc >ET AANTAL KEER DAT • VOORKOMT 0Sc fl

>0NTc ,ENK AAN DE VOR0GE OEFEN0NG WAARB0i iE TELLER – TELLER · o GEBRU0KTE OM DOOR DE STR0NG TE NAV0GEREN% mU
GEBRU0K iE EEN SOORTGEL0iKE LOG0CA OM DE ACCUMULATOR pAANTALuC( B0i TE HOUDEN%

rCAfOLDED /EMPLATE

DNAuSE+2ENT0E e ?]4]/�4]4/]4�/?
TELLEr e z
L0<0ET e oz
AANTALuC e z n ,zT zS DE ACCUMUkATOr DzE WE GAAN GEBrUzJEN

n ,E kOOP STOPT AkS DE TEkkEr DE kzMzET BErEzJT
TfwkD TELLEr l L0<0ETc

n gAAk DE BASE OP DE HUzDzGE POSzTzE OP
BASE e DNAuSE+2ENT0E}TELLEr[

t

•%fi% vH0LE LOOP EXERC0SE SEQUENCE

oeo



n slblc fEBrUzJ EEN z!hSTATEMENT OM TE JziJEN O! DE BASE GEkziJ zS AAN qbq
n slblc _ErHOOG DE ACCUMUkATOr "AANTAkuC" MET o AkS DE VOOrWAArDE WAAr zS

n slblc _ErHOOG DE TEkkEr MET o OM NAAr DE VOkGENDE BASE TE GAAN

Pr0NTp?>ET AANTAL JEEr DAT ] VOOrJO<T 0Sc?: AANTALuC(

rOLUT0ON bODE

DNAuSE+2ENT0E e ?]4]/�4]4/]4�/?
TELLEr e z
L0<0ET e oz
AANTALuC e z

TfwkD TELLEr l L0<0ETc
BASE e DNAuSE+2ENT0E}TELLEr[

we BASE ee ?]?c
AANTALuC e AANTALuC . o

TELLEr e TELLEr . o

Pr0NTp?>ET AANTAL JEEr DAT ] VOOrJO<T 0Sc?: AANTALuC(

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG HET AANTAL g]ghBASEN TELT B0NNEN DE EErSTE oz TEJENS
VAN DE ,m�hSE+2ENT0E g]4]s�4]4s]4�sg)��

-N D0E EErSTE oz TEJENS JO<EN PrEC0ES f g]ghBASEN VOOr)

,AArNAAST CONTrOLEErT DE TESTCASE OF DE LEErL0NG DE i20STE VAr0ABELEN GEBr20JT: DE LOOP COrrECT
LAAT STOPPEN B0i DE L0<0ET: EN DE VErWACHTE Z0N Pr0NT)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG DE VAr0ABELE gAANTALuCg GEBr20JT O< HET AANTAL ]hBASEN B0i TE HO2DEN)
h #F DE LEErL0NG DE VAr0ABELE gTELLErg GEBr20JT O< DOOr DE STr0NG TE LOPEN)
h #F DE LEErL0NG COrrECT TELT HOEVEEL HOOFDLETTErS g]g VOOrJO<EN B0NNEN DE EErSTE oz TEJENS)
h #F DE LEErL0NG DE WH0LEhLOOP LAAT STOPPEN B0i DE OPGEGEVEN L0<0ET gozg)
h #F DE LEErL0NG N0ET VErDEr TELT TOT HET E0NDE VAN DE VOLLED0GE ,m�hSE+2ENT0E)
h #F DE LEErL0NG EwACT DE i20STE TEJST Pr0NT)
h #F DE LEErL0NG DE TELLEr B0NNEN DE LOOP VErHOOGT)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g,E CODE JON N0ET WOrDEN U0TGEVOErD DOOr EEN SYSTEEMFOUTc bE{g
h gIE HEBT DE VAr0ABELE AANTALuC N0ET GEBrU0JT OM DE TELLEr B0i TE HOUDEN)g
h gIE HEBT DE VAr0ABELE TELLEr N0ET GEBrU0JT OM DOOr DE STr0NG TE LOPEN)g
h gHET BErEJENDE AANTAL ]hBASEN 0S bAANTALuC{: MAAr D0T HAD f MOETEN Z0iN) HEB iE GOED

GECONTrOLEErD OP DE HOOFDLETTEr ]qg��

fl
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h gIE LOOP 0S N0ET COrrECT GESTOPT B0i DE L0M0ET) ,E TELLEr STAAT NU OP bTELLEr{: TErW0iL DE
L0M0ET bL0M0ET{ 0S) 4EBrU0J DE VOOrWAArDE WH0LE TELLEr l L0M0ET)g��

h g,E GEPr0NTE TEJST 0S N0ET COrrECT) kET GOED OP SPAT0ES EN HOOFDLETTErS) _ErWACHTc
?bVErWACHTEuOUTPUT{?: MAAr iOUW CODE GAFc ?bOUTPUT{?g��

h g,E TELLEr 0S N0ET VErHOOGD B0NNEN DE LOOP) _ErGEET N0ET TELLEr e TELLEr . o TOE TE VOEGEN)g

999 #P<ErJ0NG B0i DE TESTCASE

,E CONTrOLE OP HET VErGETEN VErHOGEN VAN DE TELLEr WErJT ALLEEN BETrO2WBAAr ALS DE A2TO<AT0SCHE
EVAL2AT0E OOJ EEN T0<EO2T GEBr20JT) yONDEr T0<EO2T JAN EEN ONE0ND0GE LOOP ErVOOr ZOrGEN DAT
DE TESTCASE N0ET VErDEr 20TGEVOErD WOrDT)

��

��

dwERC0SE tc ,m�hCODONSc rPR0NGEN DOOR DE SEQUENT0E
bONCEPTS

] TELLERhVAR0ABELE
] L0M0EThVAR0ABELE
] 0NCREMENT VAN t
] STR0NGh0NDEXER0NG
] WH0LEhLOOP MET COND0T0E

9THER rUBiECT bONCEPTS

] ,m�hBASEN
] •ODONS pTR0PLET(

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE MET EEN TELLER STAP VOOR STAP DOOR EEN ,m�hSTR0NG KUNT LOPEN DOOR DE
TELLER TELKENS MET o TE VERHOGEN% -N DE B0OLOG0E WORDT ,m� ECHTER VAAK GELEZEN 0N GROEPiES VAN DR0E: D0E WE CODONS
NOEMEN%

-N DEZE OEFEN0NG GAAN WE DE STARTPOS0T0E VAN ELK CODON BEK0iKEN% 9M D0T TE DOEN: MOETEN WE N0ET ELKE BASE BEK0iKEN:
MAAR MET SPRONGEN VAN DR0E DOOR DE ,m�hSEQUENT0E LOPEN p0NDEX z: t: 7: ENZOVOORT(%

rCHR0iF EEN PROGRAMMA DAT EEN ,m�hSTR0NG VAN o3 BASEN DOORLOOPT EN TELKENS DE BASE PR0NT D0E AAN HET BEG0N VAN
EEN CODON STAAT% 4EBRU0K EEN L0M0ET VAN o3 OM DE LOOP TE STOPPEN%

_OORBEELD VAN 0NVOERc DNAuSEQUENT0E – "�/4•4/�•4/4�‘

_ERWACHTE U0TVOERc aASE OP STARTPOS0T0Ec � aASE OP STARTPOS0T0Ec • aASE OP STARTPOS0T0Ec � aASE OP STARTPOS0T0Ec /

>0NTc -N DE VOR0GE OEFEN0NG GEBRU0KTE iE TELLER – TELLER · o% >OE KUN iE DE TELLER AANPASSEN OM STEEDS t STAPPEN
TEGEL0iK TE ZETTENq

rCAfOLDED /EMPLATE

DNAuSE+2ENT0E e ?�/4]4/�]4/4�?
TELLEr e z
L0<0ET e o3

TfwkD TELLEr l L0<0ETc
n slblc gAAk DE BASE OP DE HUzDzGE zNDEw pTEkkEr( UzT DE DNAuSE.UENTzE
BASE e

n slblc 1rzNT DE EwACTE TEJST qaASE OP STArTPOSzTzEc q GEVOkGD DOOr DE GEVONDEN BASE
Pr0NTp?aASE OP STArTPOS0T0Ec?: )))(

n slblc _ErHOOG DE TEkkEr MET t OM NAAr HET VOkGENDE CODON TE SPrzNGEN
TELLEr e

fi

•%fi% vH0LE LOOP EXERC0SE SEQUENCE

oet



rOLUT0ON bODE

DNAuSE+2ENT0E e ?�/4]4/�]4/4�?
TELLEr e z
L0<0ET e o3

TfwkD TELLEr l L0<0ETc
BASE e DNAuSE+2ENT0E}TELLEr[
Pr0NTp?aASE OP STArTPOS0T0Ec?: BASE(
TELLEr e TELLEr . t

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG <ET EEN gWH0LEghLOOP DOOr DE ,m�hSE+2ENT0E
g�s4]4s�]4s4�g LOOPT 0N STAPPEN VAN t)��

,E LEErL0NG <OET TELJENS DE BASE OP DE STArTPOS0T0E VAN ELJ CODON Pr0NTEN)

,E VErWACHTE 20TVOEr BESTAAT 20T V0Er rEGELSc
gaASE OP STArTPOS0T0Ec �g: gaASE OP STArTPOS0T0Ec ]g: gaASE OP STArTPOS0T0Ec �g: gaASE OP

STArTPOS0T0Ec sg)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG GEEN 0NDEw GEBr20JT D0E B20TEN DE ,m�hSE+2ENT0E VALT)
h #F DE LEErL0NG 0ETS Pr0NT B0NNEN DE WH0LEhLOOP)
h #F DE LEErL0NG DE TELLEr VErHOOGT <ET STAPPEN VAN t 0N PLAATS VAN STAPPEN VAN o)
h #F DE LEErL0NG PrEC0ES V0Er rEGELS Pr0NT VOOr EEN SE+2ENT0E VAN o3 BASEN)
h #F DE LEErL0NG DE i20STE BASE OP ELJE STArTPOS0T0E VAN EEN CODON Pr0NT)
h #F DE LEErL0NG DE TEJST EwACT Pr0NT ZOALS VErWACHT: 0NCL2S0EF SPAT0ES EN FOr<2LEr0NG)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g-NDEwdrrOrc IE PrOBEErT EEN BASE OP TE HALEN OP EEN 0NDEw D0E BU0TEN DE STr0NG VALT) HEB iE
DE L0M0ET VAN o3 GOED 0NGESTELDqg��

h gdr 0S EEN FOUT OPGETrEDEN T0iDENS HET U0TVOErEN VAN iE CODEc bE{g
h gIE CODE HEEFT N0ETS GEPr0NT) _ErGEET N0ET DE Pr0NTp( FUNCT0E TE GEBrU0JEN B0NNEN DE

WH0LEhLOOP)g��

h gIE HEBT o3 rEGELS GEPr0NT) ,0T BETEJENT DAT iE ELJE BASE BEJ0iJT pSTAPiES VAN o() ,E
OPDrACHT 0S OM PEr CODON TE SPr0NGEN pSTAPiES VAN t()g��

h gIE HEBT bLENpOUTPUT({ rEGELS GEPr0NT: MAAr WE VErWACHTTEN Er PrEC0ES f pjjN VOOr ELJ CODON
0N EEN SE+UENT0E VAN o3 BASEN()g��

h g!OUT OP rEGEL b0.o{c WE VErWACHTTEN ?bVErWACHTEurEGEL{?: MAAr iOUW CODE Pr0NTTE ?bGEPr0NT{?)
kET GOED OP DE SPAT0ES EN DE TEJST=g��

dwERC0SE flc ,m� rTOPCODONSc ,E LOOP VROEGT0iD0G BEé0ND0GEN
bONCEPTS

] BREAKhSTATEMENT
] WH0LEhLOOP
] 0FhSTATEMENT
] STR0NGhSL0C0NG pt KARAKTERS(
] TELLER MET STAPGROOTTE t

7
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9THER rUBiECT bONCEPTS

] a0OLOG0E p,m�hTRANSLAT0E: CODONS: STOPCODONS(

1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NG HEB iE GELEERD HOE iE MET EEN TELLER 0N STAPPEN VAN t DOOR EEN ,m�hSEQUENT0E KUNT "SPR0NGEN‘%
-N DE B0OLOG0E WORDEN DEZE GROEPiES VAN DR0E BASEN "CODONS‘ GENOEMD% rOMM0GE CODONS: ZOALS "/�4‘: Z0iN STOPCODONS%
yE GEVEN AAN DAT HET PROCES VAN E0W0T MAKEN D0RECT MOET STOPPEN%

-N DEZE OEFEN0NG GAAN WE EEN ,m�hSTR0NG BEK0iKEN% IE GEBRU0KT EEN WH0LEhLOOP OM TELKENS t LETTERS pEEN CODON(
TEGEL0iK TE PAKKEN MET STR0NGhSL0C0NG% �LS HET CODON "/�4‘ 0S: MOET iE EEN MELD0NG PR0NTEN EN DE LOOP D0RECT BEé0ND0GEN
MET EEN "BREAK‘hSTATEMENT% �LS HET GEEN STOPCODON 0S: PR0NT iE HET CODON EN GA iE DOOR NAAR DE VOLGENDE%

_OORBEELD VAN 0NVOERc DNAuSEQUENT0E – "4•/�/•/�4444‘

_ERWACHTE U0TVOERc •ODONc 4•/ •ODONc �/• rTOPCODON /�4 GEVONDEN= vE STOPPEN MET LEZEN%

>0NTc 4EBRU0K DE LOG0CA U0T DE VOR0GE OEFEN0NG pTELLER – TELLER · t( EN COMB0NEER D0T MET EEN 0FhSTATEMENT EN HET
BREAKhCOMMANDO%

rCAfOLDED /EMPLATE

DNAuSE+2ENT0E e ?4]/�/]/�4444?
TELLEr e z
L0<0ET e o3

TfwkD TELLEr l L0<0ETc
n slblc fEBrUzJ STrzNGhSkzCzNG OM t BASEN TE PAJJEN VANA! DE HUzDzGE TEkkEr
CODON e DNAuSE+2ENT0E}TELLErcTELLEr.t[

n slblc bONTrOkEEr MET EEN z!hSTATEMENT O! HET CODON GEkziJ zS AAN q/�fq
we CODON ee ?/�4?c

Pr0NTp?rTOPCODON /�4 GEVONDEN= vE STOPPEN <ET LEZEN)?(
n slblc _OEG HzEr HET BrEAJhSTATEMENT TOE OM DE kOOP TE STOPPEN

n �kS HET GEEN /�f zS: PrzNTEN WE HET CODON
Pr0NTp?]ODONc?: CODON(

n slblc _ErHOOG DE TEkkEr MET t OM NAAr HET VOkGENDE CODON TE GAAN

rOLUT0ON bODE

DNAuSE+2ENT0E e ?4]/�/]/�4444?
TELLEr e z
L0<0ET e o3

TfwkD TELLEr l L0<0ETc
n gAAk HET CODON VAN t kETTErS OP
CODON e DNAuSE+2ENT0E}TELLErcTELLEr.t[

n bONTrOkEEr OP HET STOPCODON
we CODON ee ?/�4?c

Pr0NTp?rTOPCODON /�4 GEVONDEN= vE STOPPEN <ET LEZEN)?(
apD�h

n 1rzNT HET HUzDzGE CODON
Pr0NTp?]ODONc?: CODON(

n _ErHOOG DE TEkkEr MET t VOOr HET VOkGENDE CODON

;

•%fi% vH0LE LOOP EXERC0SE SEQUENCE

oefi



TELLEr e TELLEr . t

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG EEN ,m�hSE+2ENT0E PEr CODON VErWErJT: D2S TELJENS 0N
STAPPEN VAN t BASEN)��

,E LEErL0NG <OET GEWONE CODONS Pr0NTEN TOT HET STOPCODON gs�4g WOrDT GEVONDEN)

a0i HET STOPCODON <OET DE LEErL0NG EEN STOP<ELD0NG Pr0NTEN EN DAArNA STOPPEN <ET LEZEN)

999 vAT WOrDT GETESTq

h #F DE LEErL0NG 20TVOEr PrOD2CEErT <ET gPr0NTp(g)
h #F DE LEErL0NG DE TELLEr TELJENS <ET t VErHOOGT)
h #F DE LEErL0NG GEEN OVErLAPPENDE CODONS Pr0NT: ZOALS g]s�g: gs�sg OF gs]sg)
h #F DE LEErL0NG DE EwACTE STOP<ELD0NG Pr0NT WANNEEr HET STOPCODON gs�4g WOrDT GEVONDEN)
h #F DE LEErL0NG STOPT NA HET V0NDEN VAN HET STOPCODON)
h #F DE LEErL0NG HET STOPCODON gs�4g N0ET Pr0NT ALS EEN GEWOON CODON)
h #F DE LEErL0NG DE i20STE CODONS 0N DE i20STE VOLGOrDE Pr0NT)
h #F DE LEErL0NG PrEC0ES HET VErWACHTE AANTAL rEGELS Pr0NT)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h gdr TrAD EEN FOUT OP T0iDENS HET U0TVOErEN VAN iE CODEc bE{g
h gIE CODE HEEFT GEEN U0TVOEr GEPrODUCEErD) yOrG DAT iE Pr0NTp( GEBrU0JT)g
h gHET L0iJT ErOP DAT iE TELLEr N0ET MET t TEGEL0iJ OPHOOGT) IE HEBT bL0NE{ GEPr0NT)g
h g,E EwACTE MELD0NG ?bSTOPuMELD0NG{? WErD N0ET GEVONDEN)g
h gIE PrOGrAMMA 0S N0ET GESTOPT NA HET V0NDEN VAN s�4) HEB iE HET BrEAJhSTATEMENT GEBrU0JTqg
h gIE MAG HET STOPCODON ?s�4? N0ET Pr0NTEN ALS EEN GEWOON CODON) 4EBrU0J EEN 0FhSTATEMENT OM

D0T TE VOOrJOMEN)g��

h gIE HEBT bLENpL0NES({ rEGELS GEPr0NT: MAAr WE VErWACHTTEN Er PrEC0ES
bLENpVErWACHTEuU0TVOEr({)g��

h g!OUT OP rEGEL b0.o{c _ErWACHTTE ?bVErWACHT{?: MAAr JrEEG ?bWErJEL0iJ{?)g

999 #P<ErJ0NG B0i DE TESTCASE

,E CODE VAN DE LEErL0NG WOrDT 0N DEZE TESTCASE TWEE JEEr 20TGEVOErD)

dwERC0SE fic /RANSLAT0Ec dEN ,m�hSEQUENT0E VERTALEN
bONCEPTS

] TELLERhVAR0ABELE
] L0M0EThVAR0ABELE
] 0NCREMENT pSTAPGROOTTE t(
] BREAK
] 0FhSTATEMENT
] STR0NGhSL0C0NG pt KARAKTERS(

9THER rUBiECT bONCEPTS

] a0OLOG0E p/RANSLAT0E(
] •ODONS EN STOPCODONS

e
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1ROBLEM ,ESCR0PT0ON

-N DE VOR0GE OEFEN0NGEN HEB iE GELEERD HOE iE MET SPRONGEN VAN t DOOR EEN ,m�hSTR0NG KUNT LOPEN EN HOE iE EEN
"BREAK‘ GEBRU0KT OM EEN LOOP TE STOPPEN% -N DEZE OEFEN0NG COMB0NEREN WE DEZE TECHN0EKEN VOOR EEN S0MULAT0E VAN
TRANSLAT0E%

>OEWEL TRANSLAT0E 0N DE B0OLOG0E NORMAAL GESPROKEN OP M’m� PLAATSV0NDT: GEBRU0KEN WE 0N D0T MODEL DE ,m�h
CODERENDE STRENG pD0E NAGENOEG DEZELFDE VOLGORDE HEEFT ALS HET M’m�(% IE KR0iGT EEN ,m�hSEQUENT0E VAN o3 LETTERS%
IE MOET EEN PROGRAMMA SCHR0iVEN DAT DEZE SEQUENT0E PER DR0E LETTERS pEEN CODON( BEK0iKT% ,E LOOP MOET STOPPEN
0N TWEE GEVALLENc o% ,E TELLER BERE0KT DE L0M0ET VAN o3 pHET E0NDE VAN DE SEQUENT0E(% 3% >ET CODON "/�4‘ WORDT
GEVONDEN% �LS D0T GEBEURT: GEBRU0K iE EEN "BREAK‘ OM DE LOOP ONM0DDELL0iK TE BEé0ND0GEN%

_OORBEELD VAN 0NVOERc DNAuSEQUENT0E – "4•/�/•/�4444‘ L0M0ET – o3

_ERWACHTE U0TVOERc •ODONc 4•/ •ODONc �/• rTOPCODON /�4 GEVONDEN= ,E S0MULAT0E STOPT%

>0NTc 4EBRU0K DE KENN0S U0T DE VOR0GE OEFEN0NG% 1AK TELKENS t KARAKTERS MET DNAuSEQUENT0EbTELLERcTELLER·t[ EN VERGEET
N0ET DE TELLER AAN HET E0NDE VAN DE LOOP MET t TE VERHOGEN%

rOLUT0ON bODE

DNAuSE+2ENT0E e ’4]/�/]/�4444’
TELLEr e z
L0<0ET e o3

TfwkD TELLEr l L0<0ETc
n fEBrUzJ STrzNGhSkzCzNG OM HET HUzDzGE CODON pt kETTErS( TE PAJJEN
CODON e DNAuSE+2ENT0E}TELLErcTELLEr.t[

n fEBrUzJ EEN z!hSTATEMENT OM TE CONTrOkErEN O! HET CODON GEkziJ zS AAN "/�f"
we CODON ee ’/�4’c

Pr0NTp’rTOPCODON /�4 GEVONDEN= ,E S0<2LAT0E STOPT)’(
n rTOP DE kOOP ONMzDDEkkziJ
apD�h

n 1rzNT HET HUzDzGE CODON
Pr0NTp’]ODONc’: CODON(

n _ErHOOG DE TEkkEr MET t OM NAAr HET VOkGENDE CODON TE GAAN
TELLEr e TELLEr . t

/EST bASES

99 /ESTCASE

999 ,OEL VAN DE TESTCASE

,EZE TESTCASE CONTrOLEErT OF DE LEErL0NG EEN ,m�hSE+2ENT0E COrrECT PEr CODON VErWErJT: D2S
TELJENS 0N STAPPEN VAN t BASEN)��

,E TESTCASE GEBr20JT <EErDErE ,m�hSE+2ENT0ES O< TE CONTrOLErEN OF DE OPLOSS0NG N0ET ALLEEN
WErJT VOOr HET VOOrBEELD 20T DE OPDrACHT)��

dr WOrDT GETEST OF DE LEErL0NG GEWONE CODONS Pr0NT: COrrECT STOPT B0i HET STOPCODON gs�4g: EN
DE i20STE 20TVOEr GEEFT 0N VErSCH0LLENDE S0T2AT0ES)��

999 vAT WOrDT GETESTq

h #F DE LEErL0NG GEEN FO2T VErOOrZAAJT T0iDENS HET 20TVOErEN VAN DE CODE)
h #F DE LEErL0NG DE ,m�hSE+2ENT0E VErWErJT 0N GrOEPEN VAN t BASEN)

n

•%fi% vH0LE LOOP EXERC0SE SEQUENCE

oe;



h #F DE LEErL0NG GEWONE CODONS Pr0NT 0N DE VOr< g]ODONc )))g)
h #F DE LEErL0NG STOPT WANNEEr HET STOPCODON gs�4g WOrDT GEVONDEN)
h #F DE LEErL0NG DE i20STE STOP<ELD0NG Pr0NT B0i HET STOPCODON)
h #F DE LEErL0NG COrrECT O<GAAT <ET EEN ,m�hSE+2ENT0E ZONDEr STOPCODON)
h #F DE LEErL0NG COrrECT STOPT WANNEEr HET STOPCODON D0rECT AAN HET BEG0N STAAT)
h #F DE LEErL0NG COrrECT STOPT WANNEEr HET STOPCODON OP DE LAATSTE POS0T0E STAAT)
h #F DE LEErL0NG HET i20STE AANTAL rEGELS Pr0NT)
h #F DE LEErL0NG DE VErWACHTE rEGELS 0N DE i20STE VOLGOrDE Pr0NT)

999 !EEDBACJ D0E DE LEErL0NG JAN Jr0iGEN

h g!OUT B0i TEST "bTESTuNAME{"c IE CODE VErOOrZAAJTE EEN ErrOrc bE{g
h g!O2T 0N TEST ’bTESTuNA<E{’c >ET AANTAL GEPr0NTE rEGELS 0S ONi20ST)
_ErWACHTc bLENpEwPECTEDuO2TP2T({ rEGELS: 4EJrEGENc bLENpACT2ALuL0NES({ rEGELS)
IO2W 20TVOEr WASc
bACT2ALuL0NES{g
h g!O2T 0N TEST ’bTESTuNA<E{’ OP rEGEL b0.o{c
_ErWACHTc ’bEwPECTED{’
4EJrEGENc ’bACT2AL{’g

oz
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•%7% /EACHER !OLLOWh2P -NTERV0EW 4U0DE

b)7 /EACHER –OLLOWh2P -NTERV0EW 4U0DE
aACKGROUND AND bURRENT 1RACT0CE

] >OW MUCH FREEDOM DO YOU HAVE 0N SELECT0NG AND ORDER0NG PROGRAMM0NG EXERh
C0SESq

] >OW DO YOU CURRENTLY PREPARE PROGRAMM0NG LESSONSq

8 ,O YOU USE EX0ST0NG EXERC0SES FROM THE WEB OR OTHER SOURCESq
8 ,O YOU CREATE YOUR OWN EXERC0SESq
8 >OW DO YOU COMB0NE EXERC0SES 0NTO A COHERENT LESSON OR EXERC0SE SEQUENCEq

] >OW COULD A SYSTEM THAT GENERATES PROGRAMM0NG EXERC0SES fiT 0NTO YOUR CURRENT
LESSONhPREPARAT0ON WORK5OWq

] vOULD GENERATED EXERC0SES HELP YOU WHEN PREPAR0NG PROGRAMM0NG LESSONSq
vHY OR WHY NOTq

dVALUAT0ON OF THE 4ENERATED dwERC0SES
] >OW WOULD YOU EVALUATE THE GENERATED EXERC0SES OVERALLq

] vHAT ARE THE MA0N STRENGTHS OF THE EXERC0SESq

] vHAT ARE THE MA0N 0SSUES OR L0M0TAT0ONS OF THE EXERC0SESq

] �RE THERE ANY ASPECTS OF THE EXERC0SES THAT ARE 0NCORRECT OR 0NAPPROPR0ATEq

] vOULD YOU L0KE TO SEE MORE VAR0AT0ON 0N THE TYPES OF EXERC0SES THAT ARE GENERh
ATEDq

] >OW SHOULD D0fERENT EXERC0SE TYPES BE COMB0NED W0TH0N AN EXERC0SE SEQUENCEq

dwERC0SE bOMPONENTS
-F USEFUL: THE D0SCUSS0ON CAN CONS0DER THE D0fERENT COMPONENTS OF AN EXERC0SE SEPAh
RATELYc

] <ETADATA

] 1ROBLEM STATEMENT AND TEMPLATE CODE

] <ODEL SOLUT0ON

] /EST CASES AND FEEDBACK

1OSS0BLE FOLLOWhUP QUEST0ONS 0NCLUDEc

] vH0CH COMPONENTS OF THE EXERC0SES WORK WELLq

oen
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] vH0CH COMPONENTS WOULD YOU CHANGEq

] -S ANY 0NFORMAT0ON CURRENTLY M0SS0NG FROM THE EXERC0SESq

] vOULD REFERENCES TO RELATED OR PREV0OUS EXERC0SES BE USEFUL 0N THE METADATAq

] vOULD ADD0T0ONAL 0NFORMAT0ON FOR TEACHERS: SUCH AS 0NTEGRAT0ON H0NTS: BE USEFULq

] 9NCE A COMPLETE EXERC0SE HAS BEEN GENERATED: WH0CH PARTS SHOULD THE TEACHER
BE ABLE TO ED0T OR REGENERATE SEPARATELYq

] >OW MUCH ED0T0NG WOULD BE ACCEPTABLE BEFORE THE GENERATED MATER0AL STOPS
SAV0NG YOU T0MEq

bONTEwTUAL0yAT0ON AND rTUDENT 2SE
] vH0CH ASPECTS OF THE GENERATED EXERC0SES DO YOU TH0NK WOULD WORK WELL FOR
STUDENTSq

] �RE THE PROBLEM DESCR0PT0ONS SUffiC0ENTLY CLEARq

] -S THE AMOUNT OF 0NFORMAT0ON PROV0DED APPROPR0ATEq

] �RE THERE PARTS OF THE PROBLEM DESCR0PT0ONS THAT COULD BE REDUCED: REMOVED:
REWR0TTEN: OR REPRESENTED D0fERENTLYq

] •OULD V0SUAL MATER0AL: SUCH AS fiGURES OR 0MAGES: BE USEFUL 0N SOME EXERC0SESq

] >OW WELL 0S THE B0OLOG0CAL CONTEXT 0NTEGRATED 0NTO THE PROGRAMM0NG EXERC0SESq

] vHAT WORKS WELL ABOUT THE CONTEXTUAL0ZAT0ONq

] vHAT COULD BE 0MPROVED ABOUT THE CONTEXTUAL0ZAT0ONq

] rHOULD TEACHERS BE ABLE TO CHOOSE HOW STRONGLY THE CONTEXT 0S 0NTEGRATED 0NTO
AN EXERC0SEq

2SAB0L0TY AND bURR0CULUM -NTEGRAT0ON
] >OW USABLE 0S THE GENERATED MATER0AL 0N 0TS CURRENT FORMq

] •OULD US0NG GENERATED EXERC0SES SAVE T0ME COMPARED W0TH HOW YOU CURRENTLY
SOURCE OR CREATE EXERC0SESq

] >OW D0ffiCULT WOULD 0T BE TO 0NTEGRATE THESE EXERC0SES 0NTO THE EX0ST0NG CURR0CUh
LUMq

] >OW COULD AN EXERC0SEhSEQUENCE GENERAT0ON SYSTEM BEST BE 0NTEGRATED 0NTO YOUR
WORK5OWq

] vHAT FUNCT0ONAL0TY WOULD MAKE SUCH A SYSTEM EAS0ER OR MORE USEFUL TO 0NTEGRATE
0NTO YOUR WORK5OWq

onz
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/EACHER bONTROL AND rEQUENCE 4ENERAT0ON
] vHAT K0ND OF CONTROL SHOULD TEACHERS HAVE OVER THE GENERAT0ON PROCESSq

] rHOULD TEACHERS BE ABLE TO SPEC0FY WH0CH TYPES OF EXERC0SES SHOULD APPEAR 0N A
SEQUENCEq

] vOULD YOU PREFER THE SYSTEM TO GENERATE A COMPLETE EXERC0SE SEQUENCE: OR
PROV0DE A LARGER SET OF EXERC0SES FROM WH0CH THE TEACHER CAN SELECTq

] vOULD YOU PREFER TO RECE0VE ONLY THE fiNAL GENERATED SEQUENCE: OR WOULD 0T BE
USEFUL TO BE 0NVOLVED DUR0NG THE GENERAT0ON PROCESSq

] -F TEACHERS COULD STEER THE SYSTEM DUR0NG GENERAT0ON: HOW SHOULD TH0S WORKq

] vOULD YOU PREFER TO APPROVE EXERC0SES 0ND0V0DUALLY OR REV0EW THE COMPLETE
SEQUENCE AT THE ENDq

] -F ONE EXERC0SE 0S CHANGED: SHOULD THE SYSTEM AUTOMAT0CALLY RECONS0DER LATER
EXERC0SES 0N THE SEQUENCEq

/EST bASES
] vHAT D0D YOU TH0NK OF THE GENERATED TEST CASESq

] ,O THE TEST CASES ADEQUATELY ASSESS THE 0NTENDED PROGRAMM0NG CONCEPTSq

] -S THE FEEDBACK PRODUCED BY THE TESTS USEFUL FOR STUDENTSq

] vHAT SHOULD TEACHERS BE ABLE TO CONTROL OR MOD0FY ABOUT THE GENERATED TESTSq

–UTURE ,EVELOPMENT
] vHAT CHANGES WOULD MAKE THE GENERATOR MORE USEFUL FOR YOUq

] vHAT ADD0T0ONAL FORMS OF TEACHER CONTROL WOULD YOU L0KE TO HAVEq

] �RE THERE ANY 0MPORTANT FEATURES OR TYPES OF GENERATED MATER0AL THAT ARE CURh
RENTLY M0SS0NGq

ono





�PPEND0w ,

rUPPLEMENTARY ’ESULTS OF THE
EwPLORATORY 0NTERV0EWS AND
TEACHERS SURVEY

/H0S APPEND0X PROV0DES SUPPLEMENTARY RESULTS FROM THE EXPLORATORY TEACHER SURVEY
AND 0NTERV0EWS THAT SUPPORT THE fiND0NGS D0SCUSSED 0N rECT0ON qq%

,)o rUPPLEMENTARY /EACHER rURVEY ’ESULTS
!0GURE qq SHOWS THE RAT0NGS FOR PROGRESS0VELY STRUCTURED EXERC0SES ACROSS FOUR BROAD
PROGRAMM0NG CATEGOR0ES% /ABLE ,%o SUMMAR0ZES THE COND0T0ONS 0DENT0fiED 0N THE OPEN
SURVEY RESPONSES%

80G2RE :poc ’ESULTS OF THE TEACHER SURVEY ON THE PERCE0VED SU0TAB0L0TY OF PROGRESh
S0VELY STRUCTURED EXERC0SE SEQUENCES ACROSS BROAD PROGRAMM0NG CATEGOR0ES%

ont



:p r211LEMEmTARx QES2LTS 9F THE Ew1L9RAT9Rx 0mTERu0EvS AmD
TEACHERS S2RuEx

-DENT0fiED COND0T0ON 1ART0C0PANTS
<EAN0NGFUL AND RECOGN0ZABLE 0NTERD0SC0PL0NARY CONNECT0ON 13: 1t: 1fl
�L0GNMENT BETWEEN B0OLOGY AND 0NFORMAT0CS LEARN0NG GOALS6h
CONTENT

1t: 17

a0OLOG0CAL CONTENT SHOULD BE FAM0L0AR TO STUDENTS 1t
!EAS0B0L0TY W0TH0N THE AVA0LABLE LESSON T0ME 1t
/EACHER COLLABORAT0ON AND SUPPORT 13: 1fi: 17
�VA0LAB0L0TY OF TEACH0NG MATER0ALS AND CONCRETE EXAMPLES 17

6ABLE :poc •OND0T0ONS FOR SUCCESSFUL 0MPLEMENTAT0ON OF 0NTERD0SC0PL0NARY PROGRAMh
M0NG EXERC0SES 0DENT0fiED 0N THE OPEN SURVEY RESPONSES% 1o D0D NOT PROV0DE A RESPONSE
TO TH0S QUEST0ON%

,)3 dwPLORATORY -NTERV0EW –0ND0NGS
/ABLE ,%3 SUMMAR0ZES THE MA0N RECURR0NG THEMES 0DENT0fiED ACROSS THE THREE EXh
PLORATORY 0NTERV0EWS%

onfl



,%3% dXPLORATORY -NTERV0EW !0ND0NGS

/HEME rUMMARY FROM THE 0NTERV0EWS
9RGAN0ZAT0ON OF 0NFORh
MAT0CS EDUCAT0ON

/HE 0MPLEMENTAT0ON OF 0NFORMAT0CS D0fERS BETWEEN SCHOOLS AND
DEPENDS ON THE EDUCAT0ONAL SETT0NG: AVA0LABLE TEACH0NG HOURS:
TEACHER EXPERT0SE: 0NFRASTRUCTURE: AND WHETHER 0NFORMAT0CS 0S
TAUGHT SEPARATELY OR 0NTEGRATED 0NTO r/d<6SC0ENCE%

mEED FOR USABLE TEACHh
0NG MATER0AL

,EVELOP0NG SU0TABLE MATER0AL FROM SCRATCH REQU0RES CONS0DERh
ABLE TEACHER EfORT% 1ART0C0PANTS 0ND0CATED A NEED FOR READYh
TOhUSE MATER0AL THAT CAN ST0LL BE ADAPTED TO THE CLASSROOM:
STUDENT LEVEL: AND TEACHER APPROACH%

4RADUAL PROGRESS0ON -NTRODUCTORY PROGRAMM0NG SHOULD BE BU0LT UP GRADUALLY:
START0NG W0TH S0MPLE OR GU0DED ACT0V0T0ES BEFORE MOV0NG TOh
WARDS MORE 0NDEPENDENT PROGRAMM0NG AND LARGER SYNTHES0S
TASKS%

rUPPORT FOR BEG0NN0NG
PROGRAMMERS

rTUDENTS CAN STRUGGLE W0TH BAS0C CONCEPTS: COMB0N0NG SEVERAL
CONCEPTS: TRANSLAT0NG A PROBLEM 0NTO PROGRAMM0NG STEPS: DEh
BUGG0NG: AND D0fERENCES 0N PR0OR KNOWLEDGE AND PACE%

•ONTEXTUAL0ZAT0ON rC0ENT0fiC OR B0OLOG0CAL CONTEXTS CAN MAKE THE PURPOSE AND APh
PL0CAT0ON OF PROGRAMM0NG MORE V0S0BLE: PART0CULARLY WHEN THEY
ARE RECOGN0ZABLE AND CONNECTED TO STUDENTS‘ EX0ST0NG KNOWLh
EDGE%

•OND0T0ONS FOR CONTEXh
TUAL0ZAT0ON

/HE CONTEXT SHOULD REMA0N UNDERSTANDABLE: SC0ENT0fiCALLY CORh
RECT: AND CLEARLY CONNECTED TO THE PROGRAMM0NG GOAL% -T
SHOULD NOT 0NTRODUCE UNNECESSARY COMPLEX0TY OR REQU0RE EXh
CESS0VE ADD0T0ONAL DOMA0N KNOWLEDGE%

/EACHER CONTROL AND
SUPPORT

/EACHERS NEED CONTROL OVER THE LEVEL: CONTENT: PROGRESS0ON: AND
MATER0AL THEY USE% <ODEL SOLUT0ONS: TEST0NG POSS0B0L0T0ES: D0Fh
FERENT0AT0ON: EXAMPLES: AND SUPPORT FOR LESS EXPER0ENCED TEACHh
ERS WERE 0DENT0fiED AS USEFUL%

6ABLE :p3c rUMMARY OF THE MA0N THEMES 0DENT0fiED ACROSS THE THREE EXPLORATORY
0NTERV0EWS% -NTERV0EW fiND0NGS ARE BASED ON WR0TTEN NOTES AND ARE THEREFORE PRESENTED
AS PARAPHRASED THEMES RATHER THAN D0RECT QUOTAT0ONS%

onfi
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E/EACHER REPRESENTAT0ON

/HE E/EACHER PLATFORM REPRESENTS COURSE MATER0AL 0N x�<k fiLES% /HE PLATFORM
SUPPORTS MULT0PLE ACT0V0TY TYPES: BUT THE GENERAT0ON SYSTEM DEVELOPED 0N TH0S THES0S
TARGETS PROGRAMM0NG EXERC0SES% /H0S APPEND0X THEREFORE ONLY DESCR0BES THE fiELDS
AND TEST STRUCTURE THAT ARE RELEVANT TO THE GENERATED PROGRAMM0NG EXERC0SES%

d)o ’ELEVANT PROGRAMM0NGhEwERC0SE fiELDS

/ABLE d%o SUMMAR0ZES THE MA0N fiELDS USED TO REPRESENT THE GENERATED PROGRAMM0NG
EXERC0SES 0N E/EACHER% /HE PLATFORM SUPPORTS ADD0T0ONAL OPT0ONAL fiELDS: BUT THESE
ARE OM0TTED HERE BECAUSE THEY WERE NOT CENTRAL TO THE GENERATED MATER0AL USED 0N
TH0S STUDY%

–0ELD 1URPOSE
TYPE -DENT0fiES THE ACT0V0TY AS A PROGRAMM0NG EXERC0SE%
NA<E ,EfiNES THE T0TLE OF THE PROGRAMM0NG EXERC0SE%
CONTENTu0TE<S •ONTA0NS THE STUDENThFAC0NG PROBLEM DESCR0PT0ON AND 0NSTRUCh

T0ONS%
TE<PLATE •ONTA0NS THE STARTER CODE PROV0DED TO THE STUDENT%
SOL2T0ON •ONTA0NS THE REFERENCE SOLUT0ON USED FOR VAL0DAT0ON AND TEACHER

REV0EW%
SCr0PT ,ETERM0NES WHETHER THE EXERC0SE 0S EXECUTED AS SCR0PThLEVEL CODE

OR AS A FUNCT0ONhBASED EXERC0SE%
TEST •ONTA0NS THE AUTOMATED TESTS USED TO EVALUATE THE STUDENT SOh

LUT0ON%

6ABLE dpoc <A0N E/EACHER fiELDS RELEVANT TO THE GENERATED PROGRAMM0NG EXERC0SES%

on;



dp E6EACHER RE1RESEmTAT09m

d)3 /EST REPRESENTAT0ON USED 0N THE GENERATED
EwERC0SES

/HE GENERATED EXERC0SES USED 0N TH0S STUDY WERE PR0MAR0LY REPRESENTED AS SCR0PThBASED
EXERC0SES US0NG SCr0PTc Tr2E% /HE0R AUTOMATED EVALUAT0ON THEREFORE REL0ED MA0NLY
ON OUTPUT TESTS% /HESE TESTS EXECUTE THE STUDENT‘S CODE AND COMPARE THE RESULT0NG
OUTPUT W0TH THE EXPECTED OUTPUT% �LTHOUGH E/EACHER SUPPORTS ADD0T0ONAL TEST TYPES:
THESE ARE NOT D0SCUSSED HERE BECAUSE THEY WERE NOT CENTRAL TO THE GENERATED EXERC0SE
SEQUENCE USED 0N TH0S STUDY% /ABLE d%3 SUMMAR0ZES THE fiELDS USED 0N TH0S TEST
REPRESENTAT0ON%

–0ELD 1URPOSE
TYPE ,EfiNES THE TYPE OF TEST% !OR THE GENERATED EXERC0SES CONh

S0DERED HERE: O2TP2T TESTS WERE USED%
NA<E 1ROV0DES A DESCR0PT0VE NAME FOR THE TEST%
EwPECTEDuO2TP2T rPEC0fiES THE OUTPUT EXPECTED FROM A CORRECT SOLUT0ON%
ALTErNAT0VEuO2TP2TS 9PT0ONALLY SPEC0fiES ALTERNAT0VE OUTPUTS THAT ARE ALSO ACh

CEPTED%
rANDO<uSEED 9PT0ONALLY fiXES THE RANDOM SEED WHEN DETERM0N0ST0C BEh

HAV0OUR 0S REQU0RED%
O2TP2TuTrANSFOr<AT0ONS 9PT0ONALLY SPEC0fiES TRANSFORMAT0ONS APPL0ED TO THE PROh

DUCED OUTPUT BEFORE COMPAR0SON%

6ABLE dp3c ’ELEVANT fiELDS OF THE E/EACHER OUTPUThTEST REPRESENTAT0ON USED 0N THE
GENERATED EXERC0SES%

one
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dwAMPLES FROM THE ,ES0GN
BASED rYSTEM ,EVELOPMENT

/H0S APPEND0X PROV0DES SELECTED EXAMPLES THAT SUPPORT THE 0TERAT0VE DEVELOPMENT
DESCR0BED 0N rECT0ON fl%3% /HE EXAMPLES WERE SELECTED TO 0LLUSTRATE THE MA0N CAPAB0Lh
0T0ES 0NTRODUCED DUR0NG DEVELOPMENT AND THE L0M0TAT0ONS THAT MOT0VATED SUBSEQUENT
ARCH0TECTURAL CHANGES% 9NLY THE COMPONENTS RELEVANT TO EACH OBSERVAT0ON ARE SHOWNs
THE COMPLETE GENERAT0ON LOGS ARE AVA0LABLE 0N THE PROiECT REPOS0TORY%

onn



8p dwAM1LES FR9M THE :ES0Gm BASED rxSTEM :EuEL91MEmT

–)o aASEL0NE AND lODULAR 4ENERAT0ON dwAMPLES

–)o)o aASEL0NE 4ENERAT0ON

80G2RE 8poc vHAT A kk< CAN GENERATE W0THOUT MUCH GU0DANCE

80G2RE 8p3c k0M0TAT0ONc mOT PYTHON TEST CASES

3zz



!%o% aASEL0NE AND <ODULAR 4ENERAT0ON dXAMPLES

–)o)3 rTAT0C PROMPT

80G2RE 8ptc Ir9m OUTPUT

3zo



8p dwAM1LES FR9M THE :ES0Gm BASED rxSTEM :EuEL91MEmT

80G2RE 8p5c 1YTHON TEST CASES

80G2RE 8pfc k0M0TAT0ONc TO MANY FEATURES

3z3



!%3% <ODULAR GENERAT0ON EXAMPLE

–)3 lODULAR GENERAT0ON EwAMPLE

–)3)o vHAT TH0S 0TERAT0ON ENABLED

80G2RE 8p7c dNTER •APT0ON

80G2RE 8psc dNTER •APT0ON

3zt



8p dwAM1LES FR9M THE :ES0Gm BASED rxSTEM :EuEL91MEmT

80G2RE 8pec ’EFERENCE TO A PREV0OUS EXERC0SE

–)3)3 bURRENT L0M0TAT0ONS

80G2RE 8pnc -NCORRECT TERM0NOLOGY

3zfl



!%t% !EEDBACKhaASED ’EfiNEMENT dXAMPLES

80G2RE 8poyc vRONG PHRAS0NG

–)t –EEDBACKhaASED ’EfiNEMENT dwAMPLES

–)t)o vHAT TH0S 0TERAT0ON ENABLED

80G2RE 8pooc /EACHER AGENT 5AGS 0SSUE

80G2RE 8po3c /EACHERS 5AGGED 0SSUE 0S SUCCESSFULLY RESOLVED

3zfi



8p dwAM1LES FR9M THE :ES0Gm BASED rxSTEM :EuEL91MEmT

80G2RE 8potc rTUDENT AGENT 5AGS 0SSUE

80G2RE 8po5c rTUDENTS 5AGGED 0SSUE 0S SUCCESSFULLY RESOLVED

3z7



!%t% !EEDBACKhaASED ’EfiNEMENT dXAMPLES

–)t)3 bURRENT L0M0TAT0ON

80G2RE 8pofc 1ROBLEM 0N TEST CASE GENERAT0ON

3z;



8p dwAM1LES FR9M THE :ES0Gm BASED rxSTEM :EuEL91MEmT

–)fl ,ED0CATED /ESTh4ENERAT0ON dwAMPLE

–)fl)o vHAT TH0S 0TERAT0ON ENABLED

80G2RE 8po7c -DENT0fiED TEST CASE 0SSUE

80G2RE 8posc >OW TH0S 0TERAT0ON SOLVED THAT 0SSUE

3ze



!%fi% E/EACHER x�<k OUTPUT AND PLATFORM SPEC0fiC TEST CASES

80G2RE 8poec 4ENERATES MEAN0NGFUL FEEDBACK WHEN TEST FA0LS

–)fi E/EACHER x�lk OUTPUT AND PLATFORM SPEC0fiC TEST
CASES

80G2RE 8ponc ,0RECT MAPP0NG TO E/EACHER FORMAT

3zn



8p dwAM1LES FR9M THE :ES0Gm BASED rxSTEM :EuEL91MEmT

80G2RE 8p3yc rUCCESSFUL TEST GENERAT0ON BUT BAD FEEDBACK GENERAT0ON

–)7 dwTERNAL REV0EW NOTES
ó"LATEX

–)7)o –0RST EwTERNAL REV0EW
-N0T0AL FEEDBACK

/HE REV0EWER COULD NOT ED0T THE 1,! D0RECTLY BUT SUGGESTED THE FOLLOW0NG CHANGESc

] dXERC0SE fic •HANGE THE EXAMPLE TOc

_OORBEELDc �LS DNAuSE+2ENT0Eo e "�/4]" EN DNAuSE+2ENT0E3 e
"�/]4": DAN 0S DE OUTPUT 3% ,E NUCLEOT0DEN OP POS0T0E z p�( EN
POS0T0E o p/( Z0iN HETZELFDE% 9P POS0T0E 3 STAAT 0N DE EERSTE SEQUENT0E
EEN 4: VERSUS EEN • 0N DE TWEEDE SEQUENT0E: EN OP POS0T0E t STAAT
• 0N DE EERSTE SEQUENT0E VERSUS 4 0N DE TWEEDE SEQUENT0E% ,EZE
NUCLEOT0DEN KOMEN DUS N0ET OVEREEN%

,E OUTPUT WORDT H0ERB0i VERANDERD VAN t NAAR 3 EN OOK HET N0ET OVEREENKOMEN
VAN DE BASEN OP POS0T0E 3 WORDT VERMELD%

] dXERC0SE flc -N DE L0iST MET MODELORGAN0SMEN STAAT ,ROSOPH0LA: TERW0iL D0T DE
NAAM VAN HET GESLACHT 0S% ,0T KAN BETER WORDEN VERVANGEN DOOR ,ROSOPH0LA
MELANOGASTER OF ,) MELANOGASTER: AANGEZ0EN D0T HET ORGAN0SME AANDU0DT%

] dXERC0SE oc ,E FORMULER0NG

vE HEBBEN DE VOLLED0GE NAAM VAN V0ER BELANGR0iKE BASEN 0N EEN L0iST
GEZET%

3oz



!%7% dXTERNAL REV0EW NOTES

KAN SUGGEREREN DAT ER MEER DAN V0ER BASEN Z0iN% ,0T ZOU MOGEL0iK EEN M0SCONh
CEPT0E KUNNEN 0NTRODUCEREN% ,E VOORGESTELDE FORMULER0NG 0Sc

vE HEBBEN DE VOLLED0GE BENAM0NGEN VAN DE V0ER BASEN WAARU0T ,m�
0S OPGEBOUWD 0N EEN L0iST GEZET%

–EEDBACK PER EXERC0SE

dXERC0SE o ,m� 0S OPGEBOUWD U0T NUCLEOT0DEN% ,0T Z0iN SU0KERS MET DAAROP EEN
FOSFAATGROEP EN EEN VAN DE BASEN% -N PLAATS VAN DE EERSTE Z0N

,m� 0S EEN 0NFORMAT0EDRAGER D0E 0S OPGEBOUWD U0T V0ER VERSCH0LLENDE
BOUWSTENEN: DE NUCLEOBASEN%

WORDT DE VOLGENDE FORMULER0NG VOORGESTELDc

,m� 0S EEN 0NFORMAT0EDRAGER D0E 0S OPGEBOUWD U0T V0ER VERSCH0LLENDE
NUCLEOT0DEN% ,0T Z0iN SU0KERS MET DAAROP V0ER VERSCH0LLENDE NUCLEOBASEN%

dXERC0SE 3 •HECK: 0N ORDE%

dXERC0SE t •HECK: 0N ORDE%

dXERC0SE fl •HECK: 0N ORDE%

dXERC0SE fi •HECK: 0N ORDE%

dXERC0SE 7 •HECK: 0N ORDE%

4ENERAL COMMENT kANGE PROGRAMMATEKSTEN Z0iN N0ET VOLLED0G Z0CHTBAAR 0N DE
1,!%

dXERC0SE ; •HECK: 0N ORDE%

dXERC0SE e •HECK: 0N ORDE%

dXERC0SE n •HECK: 0N ORDE%
�LS MOGEL0iKE AANVULLENDE ACHTERGROND OF MOT0VAT0E KAN HET 4•hGEHALTE WORDEN

VERMELD% ,0T BEHOORT ECHTER N0ET TOT DE LEERSTOF VAN HET SECUNDA0R ONDERW0iS% dEN
4•hBASEPAAR 0S STERKER DAN EEN �/hBASEPAAR% ,AAROM KAN HET BEPALEN VAN HET
4•hGEHALTE 0N BEPAALDE S0TUAT0ES BELANGR0iK Z0iN%

dXERC0SE oz �FWEZ0G%

3oo



8p dwAM1LES FR9M THE :ES0Gm BASED rxSTEM :EuEL91MEmT

dXERC0SE oo •HECK: 0N ORDE%

dXERC0SE o3 •HECK: 0N ORDE%

dXERC0SE ot ,E STArTu0NDEw KAN MOGEL0iK BETER VERW0iZEN NAAR HET BEG0N VAN
HET STARTCODON p�/4(% ,EZE 0NDEX ZOU 0N HET OORSPRONKEL0iKE VOORBEELD DAN z Z0iN 0N
PLAATS VAN 3%

>ET 0S DAARNAAST BETER OM HET STARTCODON 0N DE SEQUENT0E VAN DE OEFEN0NG OP
TE NEMEN: OVEREENKOMST0G DE OPMERK0NG B0i dXERC0SE ofl% 9M DE OEFEN0NG B0OLOG0SCH
VOLLED0G CORRECT TE MAKEN: KAN OOK EEN STOPCODON WORDEN TOEGEVOEGD% ,0T STOPCODON
MOET Z0CH 0N HET iU0STE LEESRAAM BEV0NDEN% >ET STOPCODON KAN EVENTUEEL WORDEN
WEGGELATEN: MAAR HET GEBRU0K VAN EEN STARTCODON WORDT WEL AANBEVOLEN%

dEN MOGEL0iK VOORBEELD 0Sc

rE+2ENT0Ec ]]]�/44]/4��/�444�
STArTu0NDEwc t
GENuLENGTEc n

,E STArTu0NDEw 0S H0ER t: OMDAT HET STARTCODON �/4 OP D0E POS0T0E BEG0NT%

dXERC0SE ofl /RANSLAT0E START STEEDS MET HET STARTCODON �/4% >ET 0S DAAROM BETER
OM D0T CODON 0N DE SEQUENT0E TE PLAATSEN EN DE LEERL0NGEN HET STARTCODON TE LATEN
ZOEKEN% ,0T SLU0T OOK AAN B0i DE VOLGENDE OEFEN0NG: WAAR0N DE STOPCODONS EXPL0C0ET
WORDEN BENOEMD%

dXERC0SE ofi •HECK: 0N ORDE%

4ENERAL COMMENT ON EXERC0SE ORDER >ET KAN LOG0SCHER Z0iN OM dXERC0SES ofl
EN ofi VññR dXERC0SES o3 EN ot TE PLAATSEN%

dXERC0SE o7 ,E VOLLED0GE NAMEN VAN DE NUCLEOBASEN KUNNEN HET BESTE EERST WORh
DEN VERMELD: GEVOLGD DOOR DE AFKORT0NGEN TUSSEN HAAKiESc

,m� BESTAAT U0T V0ER BOUWSTENEN D0E WE NUCLEOBASEN NOEMENc �DEN0NE
p�(: /HYM0NE p/(: •YTOS0NE p•( EN 4UAN0NE p4(%

dXERC0SE o; 9M M0SCONCEPT0ES TE VERM0iDEN: KAN HET WOORD óLETTERS“ WORDEN
VERVANGEN DOOR óNUCLEOBASEN“c

-N DE B0OLOG0E WORDT DE GENET0SCHE CODE GELEZEN 0N GROEPiES VAN DR0E
NUCLEOBASEN: D0E WE M’m�hCODONS NOEMEN%

dXERC0SE oe >ET 0S DU0DEL0iKER OM TE SPREKEN OVER EEN E0W0T OF EEN AM0NOZUURKETEN%
,E TERM óE0W0TKETEN“ WORDT DOORGAANS N0ET GEBRU0KT% dEN OF MEERDERE KETENS VAN
AM0NOZUREN VORMEN SAMEN EEN E0W0T%

3o3



!%7% dXTERNAL REV0EW NOTES

dXERC0SE on 4OED%

dXERC0SE 3z -N ORDE%

dXERC0SE 3o dEN B0OLOG0SCH CORRECTERE FORMULER0NG 0Sc

dEN E0W0T BESTAAT U0T EEN OF MEERDERE KETENS VAN AM0NOZUREN% ,EZE
VERTAL0NG GEBEURT 0N STAPiES VAN DR0E NUCLEOBASEN: D0E WE CODONS NOEMEN%

dARL0ER FEEDBACK

dXERC0SE o dR Z0iN SLECHTS V0ER BASEN 0N ,m�% ,E VOLGENDE FORMULER0NG KAN DAAROM
M0SLE0DEND Z0iNc

vE HEBBEN DE VOLLED0GE NAAM VAN V0ER BELANGR0iKE ,m�hBASEN 0N EEN
L0iST GEZET%

dXERC0SE t ,E NAMEN VAN DE MODELORGAN0SMEN MOETEN OP EEN CONS0STENTE MAN0ER
WORDEN GESCHREVEN: B0iVOORBEELDc

d) COL0: b) ELEGANS: l) M2SC2L2S: ,) MELANOGASTER: % % %

dXERC0SE fi >ET VOORBEELD BEVAT EEN FOUT% ,E NUCLEOT0DEN OP POS0T0ES z EN o Z0iN
HETZELFDE: TERW0iL DE NUCLEOT0DEN OP POS0T0ES 3 EN t VERSCH0LLEND Z0iN% dEN MOGEL0iKE
OPLOSS0NG 0S OM ALLEEN POS0T0E t VERSCH0LLEND TE MAKEN: B0iVOORBEELD DOOR DE TWEEDE
SEQUENT0E TE VERANDEREN NAAR �/44%

–)7)3 rECOND EwTERNAL REV0EW
–EEDBACK PER EXERC0SE

dXERC0SE fl -ND0EN MOGEL0iK KAN DE TERM óST0KSTOFBASEN“ WORDEN VERVANGEN DOOR
óNUCLEOBASEN“% >0ERDOOR WORDT DEZELFDE TERM0NOLOG0E GEBRU0KT ALS 0N dXERC0SE o%

dXERC0SE 7 ,E FORMULER0NG

B0iVOORBEELD OM HET t‘hE0NDE VAN DE STRENG TE BESTUDEREN

0S N0ET VOLLED0G CORRECT% ,E VOLGENDE FORMULER0NG WORDT VOORGESTELDc

B0iVOORBEELD OM DE TEMPLATESTRENG 0N DE iU0STE R0CHT0NG TE BESTUDEREN

dXERC0SE oz ,E TERM óCODON“ KAN ALLEEN WORDEN GEBRU0KT VOOR EEN ’m�hSEQUENT0E%
a0i EEN ,m�hSEQUENT0E MOET DE TERM óTR0PLET“ WORDEN GEBRU0KT%

3ot



8p dwAM1LES FR9M THE :ES0Gm BASED rxSTEM :EuEL91MEmT

dXERC0SE ofl -N DEZE OEFEN0NG WORDT DE TERM óTR0PLET“ GEBRU0KT: MAAR AAN HET
BEG0N VAN DE OEFEN0NG KOMT OOK NOG DE TERM óCODON“ VOOR%

dXERC0SE ofi -N DEZE OEFEN0NG WORDT OPN0EUW ALLEEN DE TERM óCODON“ GEBRU0KT%
9MDAT HET OM EEN ,m�hSEQUENT0E GAAT: MOET H0ER óTR0PLET“ WORDEN GEBRU0KT%

dXERC0SE o; ,E TERM óCODON“ WORDT H0ER CORRECT GEBRU0KT%

dXERC0SE 3z ,E TERM óCODON“ WORDT H0ER 0NCORRECT GEBRU0KT%

dXERC0SE 3o ,E TERM óCODON“ WORDT H0ER CORRECT GEBRU0KT% ó"

3ofl



�PPEND0w 4

,ETA0LED bONS0STENCY dVALUAT0ON
’ESULTS

4)o /EACHER aLUEPR0NTS

6ABLE 4poc 1A0RW0SE CORRELAT0ONS BETWEEN CONS0STENCY METR0CS FOR TEACHERhDEfiNED
EXERC0SE aLUEPR0NTS%

r9L% ba 6EST ba 6EM1% ba cESC% aJd2 cESC% r0M% dMB% r0M% lET�% -�C%

r9L% ba o%yyy y%y7t y%7et y%37= y%y=n y%ye7 gy%y3=
6EST ba y%y7t o%yyy y%yyn gy%y=e gy%oty gy%o57 y%oye
6EM1% ba y%7et y%yyn o%yyy y%on= y%y5= y%y53 gy%o5n
cESC% aJd2 y%37= gy%y=e y%on= o%yyy y%=75 y%57n gy%yn3
cESC% r0M% y%y=n gy%oty y%y5= y%=75 o%yyy y%too gy%yet
dMB% r0M% y%ye7 gy%o57 y%y53 y%57n y%too o%yyy y%yto
lET�% -�C% gy%y3= y%oye gy%o5n gy%yn3 gy%yet y%yto o%yyy

eN.�o ba 8 b9DEaJd2s cESC% 8 cESCR01T09ms r0M% 8 r0M0L�R0Txs dMB% 8 dMBEDD0mGs lET�% -�C% 8
lET�D�T� -�CC�RD%

6ABLE 4p3c <EAN PA0RW0SE S0M0LAR0TY SCORES PER TEACHERhDEfiNED EXERC0SE BLUEPR0NT
ACROSS tz GENERAT0ON RUNS%

duERC0SE .UmS r9L% ba 6EST ba 6EM1% ba aJd2 6EuT r0M% dMB% r0M% lET�% -�C%

�42d1._msunplc ty y%t;n y%oto y%tn; y%3t= y%o7o y%e;5 y%=7e
�42d1._msu3plc ty y%oy; y%o3e y%oty y%33; y%o=e y%e== y%7y=
�42d1._msutplc ty y%=e; y%o5e y%5e; y%3nt y%o77 y%e5t y%7yt
�42d1._msu5plc ty y%53y y%ott y%3n5 y%t3o y%3o7 y%ny7 y%;;3
�42d1._msueplc ty y%537 y%ye5 y%te; y%t=t y%3e= y%enn y%5;y

eN.�o ba 8 b9DEaJd2s r9L% 8 r9LUT09ms 6EM1% 8 6EM1L�TEs r0M% 8 r0M0L�R0Txs dMB% 8 dMBEDD0mGs
lET�% -�C% 8 lET�D�T� -�CC�RD%

4)3 4ENERATED BLUEPR0NT

3ofi



4p :ETA0LED b9mS0STEmCx duAL2AT09m QES2LTS

6ABLE 4ptc <EAN PA0RW0SE S0M0LAR0TY SCORES PER SYSTEMhGENERATED EXERC0SE BLUEPR0NT
ACROSS tz GENERAT0ON RUNS%

duERC0SE .UmS r9L% ba 6EST ba 6EM1% ba aJd2 6EuT r0M% dMB% r0M% lET�% -�C%

r1dbunplc ty y%3=; y%y7; y%toe y%on3 y%o75 y%e7e y%;;7
r1dbu3plc ty y%t;n y%y5e y%tt= y%37y y%o;e y%e5= y%;te
r1dbutplc ty y%=t= y%y7n y%te7 y%to7 y%ont y%ee7 y%;oe
r1dbu5plc ty y%=5n y%y;n y%t77 y%t3e y%o;3 y%en= y%=o3
r1dbueplc ty y%7;7 y%y77 y%5=5 y%3n; y%o;n y%e7= y%5;;

eN.�o ba 8 b9DEaJd2s r9L% 8 r9LUT09ms 6EM1% 8 6EM1L�TEs r0M% 8 r0M0L�R0Txs dMB% 8 dMBEDD0mGs
lET�% -�C% 8 lET�D�T� -�CC�RD%

6ABLE 4p5c 1A0RW0SE CORRELAT0ONS BETWEEN CONS0STENCY METR0CS FOR SYSTEMhGENERATED
EXERC0SE BLUEPR0NT%

r9L% ba 6EST ba 6EM1% ba cESC% aJd2 cESC% r0M% dMB% r0M% lET�% -�C%

r9L% ba o%yyy y%ony y%==e y%t;7 y%yet y%3y7 gy%37;
6EST ba y%ony o%yyy y%yet y%ote gy%yoy y%oe5 gy%y77
6EM1% ba y%==e y%yet o%yyy y%3to y%o3; y%oon gy%yey
cESC% aJd2 y%t;7 y%ote y%3to o%yyy y%tet y%53n gy%oet
cESC% r0M% y%yet gy%yoy y%o3; y%tet o%yyy y%3yy y%yy=
dMB% r0M% y%3y7 y%oe5 y%oon y%53n y%3yy o%yyy gy%y=7
lET�% -�C% gy%37; gy%y77 gy%yey gy%oet y%yy= gy%y=7 o%yyy

eN.�o ba 8 b9DEaJd2s cESC% 8 cESCR01T09ms r0M% 8 r0M0L�R0Txs dMB% 8 dMBEDD0mGs lET�% -�C% 8
lET�D�T� -�CC�RD%

3o7



�PPEND0w g

–EEDBACKh�GENT dVALUAT0ON

/H0S APPEND0X PRESENTS REPRESENTAT0VE EXAMPLES FROM THE QUAL0TAT0VE EVALUAT0ON OF
THE TEACHER AND STUDENT FEEDBACK AGENTS%

g)o .UANT0TAT0VE ’ESULTS

3o;
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gp 8EEDBACJh�GEmT duAL2AT09m

g)3 ’EPRESENTAT0VE –EEDBACKh�GENT ’EfiNEMENTS

g)3)o �L0GNMENT BETWEEN EwERC0SE COMPONENTS

80G2RE gpoc � 0NCONS0STENCY WAS 5AGGED BY BOTH THE STUDENTS AND THE TEACHER
AGENT

80G2RE gp3c dNTER •APT0ON
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>%3% ’EPRESENTAT0VE !EEDBACKh�GENT ’EfiNEMENTS

g)3)3 rC0ENT0fiC AND DOMA0NhSPEC0fiC TERM0NOLOGY

80G2RE gptc mOT THE CORRECT TERM0NOLOGY USED

80G2RE gp5c •ORRECT0NG TERM0NOLOGY M0STAKE 0N TEMPLATE AND SOLUT0ON CODE
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gp 8EEDBACJh�GEmT duAL2AT09m

80G2RE gpfc •ORRECT0NG TERM0NOLOGY M0STAKE 0N PROBLEM DESCR0PT0ON

g)3)t �L0GNMENT BETWEEN 0NSTRUCT0ONS AND SCAfOLD

80G2RE gp7c -NSTRUCT0ON 0N THE PROBLEM STATEMENT AND SCAfOLD ARE NOT AL0GNED

80G2RE gpsc /HE 0NSTRUCT0ON 0N THE PROBLEM STATEMENT WERE ADiUSTED
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>%3% ’EPRESENTAT0VE !EEDBACKh�GENT ’EfiNEMENTS

g)3)fl bLAR0fiCAT0ON OF AMB0GUOUS PROGRAMM0NG 0NSTRUCT0ONS

80G2RE gpec /H0S WORD0NG COULD LEAD TO CONFUS0ON

80G2RE gpnc /HE WORD0NG WAS 0MPROVED
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�PPEND0w -

/EST dwECUT0ON AND ’EfiNEMENT
aEHAV0OR

/H0S APPEND0X PROV0DES SUPPLEMENTARY MATER0AL FOR THE EVALUAT0ON OF TESThCASE GENh
ERAT0ON AND EXECUT0ONhBASED REfiNEMENT% -T CONTA0NS DETA0LED EXECUT0ON RESULTS AND
REPRESENTAT0VE EXAMPLES OF THE RECURR0NG TESThGENERAT0ON AND REfiNEMENT BEHAV0ORS%

-)o dwECUT0ON AND ’EfiNEMENT lETR0CS
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-%3% -LLUSTRAT0VE ’EfiNEMENT dXAMPLES

-)3 -LLUSTRAT0VE ’EfiNEMENT dwAMPLES

-)3)o rUCCESSFUL REPA0R OF TEST EwECUT0ON

80G2RE -poc mO L0NES WERE PR0NTED

80G2RE -p3c rOLVEDc rOURCE WAS A M0SMATCH BETWEEN TEST GENERAT0ON AND THE EXEh
CUT0ON ENV0RONMENT

-)3)3 2NRESOLVED EwECUT0ONhENV0RONMENT M0SMATCH

80G2RE -ptc � S0MPLE SYNTAX ERROR WAS 0DENT0fiED
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-p 6EST dwEC2T09m AmD QEF0mEMEmT aEHAu09R

80G2RE -p5c /HERE REMA0NED AN ERRORc M0SMATCH BETWEEN EXECUT0ON ENV0RONMENT
AND THE TEST GENERAT0ON

-)3)t ’EMOVAL OF OUTPUT VER0fiCAT0ON

80G2RE -pfc /HE SOLUT0ON CODE WAS NOT EXECUTED

80G2RE -p7c /HE PROBLEM WAS SOLVED BY REMOV0NG THE L0NES W0THOUT SOLV0NG THE
0SSUE
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-%3% -LLUSTRAT0VE ’EfiNEMENT dXAMPLES

-)3)fl bOND0T0ONAL OUTPUT VER0fiCAT0ON

80G2RE -psc dNTER •APT0ON
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�PPEND0w I

rUPPLEMENTARY ’ESULTS OF THE
/EACHER AND ,OMA0NhdwPERT
dVALUAT0ON

/H0S APPEND0X SUMMAR0ZES SELECTED QUEST0ONNA0RE RESULTS AND RECURR0NG OPENhRESPONSE
THEMES FROM THE TEACHER AND DOMA0NhEXPERT EVALUAT0ON%

I)o /EACHER EVALUAT0ON

6ABLE Ipoc rELECTED TEACHER QUEST0ONNA0RE RESULTS ACROSS THE THREE GENERATED SEh
QUENCES%

�SPECT ’ESPONSES lA0N fiND0NG
�MOUNT OF 0NFORMAT0ON fi STRONGLY AGREE: o

AGREE
1ROBLEM STATEMENTS CONS0Sh
TENTLY CONTA0NED TOO MUCH 0Nh
FORMAT0ON AT ONCE%

rU0TAB0L0TY AS A fiRST 0NTRODUCh
T0ON

3 STRONGLY D0SAGREE: t
D0SAGREE: o NEUTRAL

/HE SEQUENCES WERE NOT CONh
S0DERED SU0TABLE AS STANDALONE
0NTRODUCT0ONS TO NEW PROGRAMh
M0NG CONCEPTS%

/EST FEEDBACK t STRONGLY AGREE: 3
AGREE: o STRONGLY D0Sh
AGREE

/EST FEEDBACK WAS OFTEN CONh
S0DERED USEFUL: BUT EVALUAT0ONS
WERE 0NCONS0STENT%

v0LL0NGNESS TO USE 3 STRONGLY D0SAGREE: 3
D0SAGREE: o NEUTRAL: o
AGREE

/HE MATER0AL WAS NOT CONS0Sh
TENTLY CONS0DERED D0RECTLY USh
ABLE 0N 0TS CURRENT FORM%

’EQU0RED ADAPTAT0ON t M0NOR: o MODERATE:
3 MAiOR

�LL SEQUENCES REQU0RED SOME
LEVEL OF ADAPTAT0ON%

3to



Ip r211LEMEmTARx QES2LTS 9F THE 6EACHER AmD :9MA0mhdw1ERT
duAL2AT09m

6ABLE Ip3c ’ECURR0NG THEMES 0N THE TEACHER OPEN RESPONSES%

/HEME bONDENSED FEEDBACK
�MOUNT OF TEXT 1ROBLEM STATEMENTS WERE TOO LONG AND CONTA0NED TOO MUCH

0NFORMAT0ON%
dXAMPLES AND EXPLANAT0ON <ORE EXAMPLES: DEMONSTRAT0ONS: OR V0SUAL SUPPORT SHOULD

PRECEDE 0NDEPENDENT EXERC0SES%
rCAfOLD0NG /HE AMOUNT OF PROV0DED SUPPORT WAS NOT ALWAYS APPROPR0h

ATE FOR THE 0NTENDED EXERC0SE%
1ROGRESS0ON /RANS0T0ONS BETWEEN EXPLANAT0ON: GU0DED PRACT0CE: AND 0Nh

DEPENDENT WORK SHOULD BE MORE GRADUAL%
•LASSROOM USE /HE GENERATED EXERC0SES fiT BETTER W0TH0N TEACHERhLED 0Nh

STRUCT0ON THAN AS COMPLETE STANDALONE LESSONS%

I)3 ,OMA0NhEwPERT EVALUAT0ON

6ABLE Iptc rELECTED DOMA0NhEXPERT QUEST0ONNA0RE RESULTS ACROSS THE THREE GENERATED
SEQUENCES%

�SPECT ’ESPONSES lA0N fiND0NG
<ODELhSOLUT0ON CORRECTNESS fl STRONGLY AGREE: 3

AGREE
<ODEL SOLUT0ONS WERE CONS0Sh
TENTLY EVALUATED POS0T0VELY%

/ESThCASE COVERAGE o STRONGLY AGREE: fl
AGREE: o D0SAGREE

/EST COVERAGE WAS GENERALLY
POS0T0VE: BUT SEVERAL WEAKh
NESSES WERE 0DENT0fiED%

rU0TAB0L0TY AS A fiRST 0NTRODUCh
T0ON

fi AGREE: o NEUTRAL ,OMA0N EXPERTS GENERALLY CONh
S0DERED THE SEQUENCES SU0TABLE
AS 0NTRODUCTORY MATER0AL%

4RADUAL PROGRESS0ON 3 STRONGLY AGREE: fl
AGREE

/HE PROGRESS0ON WAS GENERALLY
CONS0DERED GRADUAL AND MANh
AGEABLE%

’EQU0RED ADAPTAT0ON fl M0NOR: o MODERATE:
o MAiOR

<OST SEQUENCES WERE CONS0Dh
ERED TO REQU0RE ONLY M0NOR
ADAPTAT0ON%

3t3



I%3% ,OMA0NhEXPERT EVALUAT0ON

6ABLE Ip5c ’ECURR0NG THEMES 0N THE DOMA0NhEXPERT OPEN RESPONSES AND ADD0T0ONAL
WR0TTEN FEEDBACK%

/HEME bONDENSED FEEDBACK
/ERM0NOLOGY AND CONS0Sh
TENCY

rOME TERM0NOLOGY: FORMATT0NG: AND CONCEPT NAM0NG WERE
0NCONS0STENT%

rCAfOLD0NG rOME SCAfOLDS CONTA0NED ERRORS OR 0NTRODUCED ELEMENTS OUTh
S0DE THE 0NTENDED PROGRESS0ON%

’EPET0T0ON rOME LATER EXERC0SES REPEATED EARL0ER TASKS W0THOUT ADD0NG
A MEAN0NGFUL NEW PROGRAMM0NG STEP%

/EST FOCUS rOME TESTS FOCUSED TOO STRONGLY ON EXACT OUTPUT: CAP0TALh
0ZAT0ON: UNCOMMON EDGE CASES: OR 0MPLEMENTAT0ON DETA0LS%

/EST FEEDBACK !EEDBACK SHOULD FOCUS MORE D0RECTLY ON THE 0NTENDED PROh
GRAMM0NG CONCEPT AND L0KELY STUDENT M0STAKES%

3tt
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b3;[ <% mGUYEN: _%h�% 1áDUREAN: �% 4OTOVOS: r% /SCH0ATSCHEK: AND �% r0NGLA% rYNh
THES0Z0NG >0GHh+UAL0TY 1ROGRAMM0NG /ASKS W0TH kk<haASED dXPERT AND rTUh
DENT �GENTS% -N �% -% •R0STEA: d% vALKER: x% kU: 9% •% rANTOS: AND r% -SOTAN0: EDh
0TORS: �RT0fC0AL -NTELL0GENCE 0N dD2CAT0ON: VOLUME ofie;;: PAGES ;;—no% rPR0NGER
mATURE rW0TZERLAND: •HAM: 3z3fi% rER0ES /0TLEc kECTURE mOTES 0N •OMPUTER
rC0ENCE%

b3e[ ,% 1ER0N% !AC0L0TAT0NG rTUDENT kEARN0NG /HROUGH •ONTEXTUAL0ZAT0ONc � ’EV0EW
OF dV0DENCE% bOMM2N0Tx bOLLEGE qEV0EW: tnpt(c37e—3nfi: IULY 3zoo%

b3n[ >% ’ATNAYAKE AND •% vANG% � 1ROMPT0NG !RAMEWORK TO dNHANCE kANGUAGE
<ODEL 9UTPUT% -N /% k0U: 4% vEBB: k% xUE: AND ,% vANG: ED0TORS: �- 3Z3tc
�DVANCES 0N �RT0fC0AL -NTELL0GENCE: VOLUME oflfl;3: PAGES 77—eo% rPR0NGER mATURE
r0NGAPORE: r0NGAPORE: 3z3fl% rER0ES /0TLEc kECTURE mOTES 0N •OMPUTER rC0ENCE%

btz[ m% rELWYN: <% kiUNGQV0ST: AND �% rONESSON% vHEN THE PROMPT0NG STOPSc EXh
PLOR0NG TEACHERS‘ WORK AROUND THE EDUCAT0ONAL FRA0LT0ES OF GENERAT0VE �- TOOLS%
kEARN0NG: lED0A AND /ECHNOLOGx: fizpt(ctoz—t3t: IULY 3z3fi%

bto[ x% rONG: I% ,U: AND +% yHENG% �UTOMAT0C 0TEM GENERAT0ON FOR EDUCAT0ONAL
ASSESSMENTSc A SYSTEMAT0C L0TERATURE REV0EW% -NTERACT0VE kEARN0NG dNV0RONMENTS:
ttpn(cfite7—fiflzfi: 9CT% 3z3fi%
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bt3[ -% v% rYAHPUTR0: d% J% aUD0ARDiO: AND 1% 9% >% 1UTRA% 2NLOCK0NG THE 1OTENT0AL
OF THE 1ROMPT dNG0NEER0NG 1ARAD0GM 0N rOFTWARE dNG0NEER0NGc � rYSTEMAT0C
k0TERATURE ’EV0EW% �-: 7pn(c3z7: �UG% 3z3fi%

btt[ m% a% ,% /A: >% 4% 1% mGUYEN: AND r% 4OTT0PAT0% �UTOMAT0C GENERAT0ON OF
0NTRODUCTORY PROGRAMM0NG EXERC0SES W0TH LARGE LANGUAGE MODELS% qESEARCH AND
1RACT0CE 0N /ECHNOLOGx dNHANCED kEARN0NG: 3ocz3fi: rEPT% 3z3fi%

btfl[ 1% •% /AVARES: d% !% 4OMES: 1% ’% >ENR0QUES: AND ,% <% _0E0RA% �PPROACHES TO
MANAGE AND UNDERSTAND STUDENT ENGAGEMENT 0N PROGRAMM0NG% nPEN dD2CAT0ON
rT2D0ES: flpo(cnt—ozfi: IAN% 3z33%

btfi[ k% vANG: ’% rONG: v% 4UO: AND >% xANG% dXPLOR0NG PROMPT PATTERN FOR GENERAh
T0VE ART0fiC0AL 0NTELL0GENCE 0N AUTOMAT0C QUEST0ON GENERAT0ON% -NTERACT0VE kEARN0NG
dNV0RONMENTS: ttpt(c3fifin—3fiefl: <AR% 3z3fi%

bt7[ y% vANG: J% m0U: r% k0U: r% k0U: AND !% vU% -NTELL0�c AN 0NTELL0GENT EDUCAT0ONAL
ASS0GNMENT PRACT0C0NG PLATFORM DR0VEN BY GENERAT0VE �-% -NTERNAT0ONAL IO2RNAL
OF -NTELL0GENT bOMP2T0NG AND bxBERNET0CS: oepfl(c77o—7;fi: mOV% 3z3fi%

bt;[ a% w0E: ,% kOKSA: 4% k% mELSON: <% I% ,AV0DSON: ,% ,ONG: >% JW0K: �% >%
/AN: k% >WA: <% k0: AND �% I% JO% � THEORY OF 0NSTRUCT0ON FOR 0NTRODUCTORY
PROGRAMM0NG SK0LLS% bOMP2TER rC0ENCE dD2CAT0ON: 3np3ht(c3zfi—3fit: IULY 3zon%

bte[ k% yHANG: w% vANG: v% •HEN: r% I0: y% k0U: AND !% 9UYANG% 2S0NG MULT0MODAL
LEARN0NG ANALYT0CS TO UNDERSTAND THE COMB0NED EfECTS OF DYNAM0C SELFhREGULATED
SCAfOLD0NGS AND LEARN0NG FROM EXAMPLES ON COMPUTER PROGRAMM0NGc AN EMP0Rh
0CAL STUDY% -NTERNAT0ONAL IO2RNAL OF r/dl dD2CAT0ON: otpo(ct: IAN% 3z37%

btn[ v% yOU: /%h/% 4OH: >% yHU: <% k0U: AND a% xANG% �LGOR0THM0C kEARN0NGc
�SSESS0NG THE 1OTENT0AL OF kARGE kANGUAGE <ODELS pkk<S( FOR �UTOMATED dXh
ERC0SE 4ENERAT0ON AND 4RAD0NG 0N dDUCAT0ONAL rETT0NGS% -NTERNAT0ONAL IO2RNAL
OF g2MANebOMP2TER -NTERACT0ON: fl3p3(co3z7—o33t: IAN% 3z37%
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bODE OF CONDUCT AND
TRANSPARENCY STATEMENT ON THE
USE OF 4EN�- FOR J2
kEUVENhSTUDENTS pACADEM0C YEAR
3z3fi83z37(

4ENERAT0VE �- p4EN�-( ASS0STANCE TOOLS CAN BE USED TO GENERATE VAR0OUS TYPES OF
CONTENT: 0NCLUD0NG TEXT: 0MAGES: CODE: V0DEO: MUS0C: OR COMB0NAT0ONS THEREOF% •OMh
MON EXAMPLES OF SUCH TOOLS 0NCLUDE •HAT41/: 4OOGLE 4EM0N0: <0CROSOFT •OP0LOT:
<0DiOURNEY: •LAUDE%A0: 1ERPLEX0TY%A0: AND ,�kk.d: AMONG OTHERS%

/H0S CODE OF CONDUCT 0S A TOOL THAT HELPS STUDENTS TO BE TRANSPARENT ABOUT THE
USE OF 4EN�- AND fiTS W0TH0N THE UN0VERS0TY‘S PR0NC0PLES ON ACADEM0C 0NTEGR0TY%

-MPORTANT GU0DEL0NES AND REMARKS
] rENS0T0VE OR PERSONAL DATAc rOME 4EN�- TOOLS PROTECT YOUR 0NPUT AND SENh
S0T0VE OR PERSONAL DATA BETTER THAN OTHERS% /HERE 0S OFTEN NO TRANSPARENCY ON
WHAT THE OWNERS OF THE �- APPL0CAT0ONS DO W0TH THE DATA ENTERED% /HEREFORE:
DO NOT ENTER SENS0T0VE OR PERSONAL DATA 0N FREE 4EN�- TOOLS) <ORE
0NFO ABOUT WHAT SENS0T0VE AND PERSONAL DATA ARE: 0S DESCR0BED 0N THE THREE CONfih
DENT0AL0TY LEVELS OF THE J2 kEUVEN DATA CLASS0fiCAT0ON MODEL pNONhCONfiDENT0AL:
CONfiDENT0AL: STR0CTLY CONfiDENT0AL(% !OR CONfiDENT0AL DATA YOU SHOULD PREFERABLY
USE lt7fi bOP0LOT bHAT W0TH YOUR J2 kEUVEN ACCOUNT% -F YOU USE
ANOTHER 4EN�- TOOL: YOU MUST BE ABSOLUTELY CERTA0N 0T DOES NOT STORE OR
REUSE THE DATA YOU ENTER) /RY TO AVO0D ENTER0NG THESE DATA) ,O
SO ONLY 0F STR0CTLY NECESSARY: AND ONLY TO THE EXTENT REQU0RED) –OR
PERSONAL DATA: WORK W0TH ANONYMOUS OR PSEUDONYM0yED DATA) �DD0h
T0ONALLY: 0N CASE OF STR0CTLY CONfiDENT0AL DATA TH0S SHOULD fiRST BE D0SCUSSED W0TH
THE TEACH0NG STAf OF THE COURSE OR YOUR THES0S SUPERV0SOR%

] bOPYR0GHTED MATER0ALSc !OR LAWFULLY OBTA0NED COPYR0GHTED MATER0AL
YOU SHOULD PREFERABLY USE <t7fi bOP0LOT bHAT W0TH YOUR J2 kEUVEN
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ACCOUNT) -F YOU USE ANOTHER 4EN�- TOOL: YOU MUST BE ABSOLUTELY CERTA0N 0T
DOES NOT STORE OR REUSE THE DATA YOU ENTER)

] 4EN�- ASS0STANCE MAY NOT BE USED FOR DATA OR TOP0CS COVERED BY A mONh
,0SCLOSURE �GREEMENT pm,�(% dVEN 0N THE ABSENCE OF AN m,�: CERTA0N 0Nh
FORMAT0ON MAY ST0LL NEED TO BE TREATED AS CONfiDENT0AL8FOR EXAMPLE: DUE TO
REGULATORY REQU0REMENTS OR THE R0SK OF S0GN0fiCANT HARM TO THE UN0VERS0TY 0F
D0SCLOSED% -N CASE OF DOUBT: CHECK W0TH YOUR TEACH0NG STAf OR SUPERV0SOR%

] -F YOUR MASTER‘S THES0S 0S UNDER EMBARGO: YOU SHOULD fiRST D0SCUSS W0TH YOUR
SUPERV0SOR WHETHER THE USE OF 4EN�- 0S PERM0TTED%

] aEFORE US0NG A 4EN�- TOOL: ALWAYS CONS0DER WHETHER 0TS USE 0S RESPONS0BLE:
0NCLUD0NG FROM A SUSTA0NAB0L0TY PERSPECT0VE pE%G% WHEN US0NG 4EN�- AS A SEARCH
ENG0NE: LANGUAGE ASS0STANT:% % % (%

] /AKE A SC0ENT0fiC AND CR0T0CAL ATT0TUDE WHEN 0NTERACT0NG W0TH 4EN�- ASS0Sh
TANCE AND 0NTERPRET0NG 0TS OUTPUT: THAT MAY NOT ALWAYS BE CORRECT%

] �S A STUDENT YOU ARE RESPONS0BLE FOR COMPLY0NG W0TH �RT0CLE efl OF THE ’EGUh
LAT0ONS ON dDUCAT0ON AND dXAM0NAT0ONSc YOUR REPORT OR THES0S SHOULD RE5ECT
YOUR OWN KNOWLEDGE: UNDERSTAND0NG AND SK0LLS% aE AWARE THAT PLAG0AR0SM RULES
ALSO APPLY TO pWORK THAT 0S THE RESULT OF( THE USE OF 4EN�- ASS0STANCE TOOLS%
dXAM ’EGULAT0ONS �RT0CLE eflc jdVERx COND2CT 0ND0V0D2AL ST2DENTS D0SPLAx
W0TH WH0CH THEx pPART0ALLx( 0NH0B0T OR ATTEMPT TO 0NH0B0T A CORRECT i2DGEMENT OF
THE0R OWN KNOWLEDGE: 2NDERSTAND0NG AND6OR SK0LLS OR THOSE OF OTHER ST2DENTS:
0S CONS0DERED AN 0RREG2LAR0Tx WH0CH MAx RES2LT 0N A S20TABLE PENALTx) � SPEC0AL
TxPE OF 0RREG2LAR0Tx 0S PLAG0AR0SM: 0)E) COPx0NG THE WORK p0DEAS: TEwTS: STR2CT2RES:
DES0GNS: 0MAGES: PLANS: CODES : )))( OF OTHERS OR PR0OR PERSONAL WORK 0N AN EwACT
OR SL0GHTLx MOD0fED WAx W0THO2T ADE.2ATELx ACKNOWLEDG0NG THE SO2RCES) dVERx
POSSESS0ON OF PROH0B0TED RESO2RCES D2R0NG AN EwAM0NAT0ON pSEE ART0CLE sfi( 0S
CONS0DERED AN 0RREG2LAR0Tx)“

] -N ORDER TO MA0NTA0N ACADEM0C 0NTEGR0TY AND AVO0D PLAG0AR0SM: MORE 0NFORh
MAT0ON ABOUT BE0NG TRANSPARENT ON THE USE OF 4EN�- ASS0STANCE AND
ABOUT CORRECTLY C0T0NG AND REFERENC0NG 4EN�- CAN BE FOUND ON TH0S
WEBS0TE FOR STUDENTS p,UTCH6dNGL0SH(%

] �DD0T0ONAL READ0NGc J2 kEUVEN GU0DEL0NES ON RESPONS0BLE USE OF
4ENERAT0VE �- TOOLS: AND OTHER 0NFORMAT0ON p,UTCH6dNGL0SH(

� FEW fiNAL WORDS
-F YOU ARE UNCERTA0N WHETHER OR NOT YOU SHOULD DECLARE YOUR USE OF 4EN�-
TOOLS: WE SUGGEST THAT YOU D0SCUSS TH0S W0TH YOUR 0NSTRUCTOR OR SUPERV0h
SOR) -T 0S ALWAYS SAFER TO DECLARE 4EN�- USE: EVEN WHEN 0T 0S NOT STR0CTLY
REQU0RED) gOWEVER: DECLAR0NG 4EN�- USE DOES NOT ENTA0L THAT 0TS USE 0S
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ALLOWEDs THE R0GHT COLUMN 0N THE TABLE BELOW PROV0DES MORE DETA0LED 0Nh
STRUCT0ONS 0N TH0S REGARD pCODE OF CONDUCT()

<OREOVER: ADVANCED �- TOOLS ARE EVOLV0NG RAP0DLY: AND THE0R CAPAB0L0T0ES HAVE EXh
PANDED S0GN0fiCANTLY 0N A SHORT PER0OD OF T0ME% �S A RESULT: WE DO NOT YET HAVE ALL
THE ANSWERS ABOUT THE0R RESPONS0BLE USE% !0NALLY: 0T 0S 0MPORTANT TO FOLLOWhUP ON THE
MOST RECENT EVOLUT0ONS 0N �- TECHNOLOG0ES: TO HAVE AN OPEN M0ND BUT ALSO TO BE A
B0T CAUT0OUS: TO COMMUN0CATE W0TH 0NSTRUCTORS: TEACH0NG ASS0STANTS: SUPERV0SORS AND
PEERS: TO BE AS TRANSPARENT AS WE CAN: AND TO LEARN TOGETHER AS WE MOVE ALONG%
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rTUDENT NAMEc % % % % % % % % % % % % % % rTUDENT NUMBERc % % % % % % % % % % % % % %

1LEASE 0ND0CATE W0TH ?w? WHETHER 0T RELATES TO A COURSE ASS0GNMENT OR TO
THE aACHELOR"S OR lASTER"S THES0Sc

9 /H0S FORM 0S RELATED TO A COURSE ASS0GNMENT)
bOURSE NAMEc % % % % % % % % % % % % % % % % % % % % bOURSE NUMBERc % % % % % % % % % % % % % % % % % % % %

/H0S FORM 0S RELATED TO MY 9 aACHELOR"S OR X lASTER"S THES0S)
/0TLE aACHELOR"S OR lASTER"S THES0Sc–ROM 4ENERAT0ON TO dDUCAT0ONc -NTEGRAT0NG a0OLOGY

,A0LY SUPERV0SORc/) –ERNANDA 2GARTE 4UyMjN % % % % % % % % % % % % % % % % % % % % % % % % %

1LEASE 0ND0CATE W0TH ?w?c

9 - D0D NOT USE ANY 4EN�- ASS0STANCE TOOL%

w - D0D USE 4EN�- �SS0STANCE% -N TH0S CASE SPEC0FY WH0CH ONES •HAT41/:
mOTEaOOKk<: L0MO A0 ASS0STANT AND ANT0GRAV0TY CODE ED0TOR W0TH A0 COD0NG ASS0Sh
TENTpE%G% •HAT41/: <t7fi •OP0LOT: % % % (c % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
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4EN�- ASS0STANCE
USED AS6FORc

mAME OF THE
4EN�- TOOLpS(
USED -F HELPFUL:
ALSO DESCR0BE
0N WH0CH WAY
YOU WERE US0NG
4EN�- RELATED
TO WHAT 0S SPECh
0fiED AS CODE OF
CONDUCT%

bODE OF CONDUCTc
–OR EACH OF THE CATEGOR0ES BELOW: ALWAYS
TAKE 0NTO ACCOUNT THE 0MPORTANT GU0DEh
L0NES AND REMARKS MENT0ONED ABOVE pE)G)
COPYR0GHTED DATA: SENS0T0VE OR PERSONAL
DATA:) ) ) ()

�S A LANGUAGE ASh
S0STANT FOR REV0EWh
0NG OR 0MPROV0NG
TEXTS - WROTE MYh
SELF

- 2SED CHATPGT
TO S2PPORT THE
WR0T0NG PROh
CESS: MA0NLx FOR
0MPROV0NG LANh
G2AGE: CLAR0Tx:
AND STR2CT2RE)
/HE CONTENT:
ANALxS0S: 0Nh
TERPRETAT0ON OF
RES2LTS: AND
fNAL DEC0S0ONS
REMA0NED Mx
OWN)

/H0S USE 0S S0M0LAR TO US0NG SPELL0NG AND GRAMh
MAR CHECK TOOLS% -N GENERAL: YOU DO NOT HAVE
TO REFER TO SUCH K0ND OF 4EN�- USE 0N THE TEXT%
gOWEVER: BE CAREFULc

] vHEN US0NG 4EN�- TOOLS ON TEXTS YOU
D0D NOT WR0TE YOURSELF TO 0MPROVE THE
TEXT: YOU HAVE TO REFER TO THE OR0Gh
0NAL SOURCE OR AUTHOR: OTHERW0SE YOU
ARE COMM0TT0NG PLAG0AR0SM AND THUS AN
0RREGULAR0TY%

�S A PARAPHRAS0NG
TOOL

,0D NOT 2SE 0T
FOR TH0S

/H0S USE 0S ALLOWED EXCEPT WHEN 0T 0S PROH0Bh
0TED BY THE TEACHER OR THE PROGRAM OF STUDY%
xOU MAY PARAPHRASE YOUR OWN TEXT OR TEXTS
BY AN AUTHOR OTHER THAN YOURSELF AND TAKE 0Nh
SP0RAT0ON FROM WHAT A 4EN�- TOOL OR ANOTHER
TOOL SUGGESTS pUNLESS 0T 0S NOT ALLOWED(% -N GENh
ERAL: YOU DO NOT HAVE TO REFER TO SUCH K0ND OF
4EN�- USE OR OTHER PARAPHRAS0NG TOOLS 0N THE
TEXT%
gOWEVER: BE CAREFULc

] -F 0T ENTA0LS TEXT BY AN AUTHOR OTHER THAN
YOURSELF: YOU ARE NOT ALLOWED TO 0Nh
CLUDE THAT PARAPHRASED TEXT W0THh
OUT REFERENCE TO THE OR0G0NAL SOURCE
OR AUTHOR% v0THOUT SUCH REFERENCE:
YOU WOULD BE COMM0TT0NG PLAG0AR0SM AND
THUS AN 0RREGULAR0TY%
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–OR TRANSLAT0ON
A0D TO 0MPROVE
TEXTS - WROTE MYh
SELF OR TO BETTER
UNDERSTAND TEXT
FROM OTHERS

- 2SED NOTEh
aOOKkl AND
CHATGPT TO
TRANSLATE Mx
THO2GHTS THAT
WERE SOMET0MES
0N D2TCH AND
TO 2NDERSTAND
SOME PHRASh
0NG 0N PAPERS)
rOMET0MES THE
CO2LD BE DENSE
TO READ THRO2GH

/H0S USE 0S ALLOWED EXCEPT WHEN 0T 0S PROH0B0TED
BY THE TEACHER OR THE PROGRAM OF STUDY% -T
0S S0M0LAR TO US0NG TRANSLAT0ON TOOLS p4OOGLE
TRANSLATE: ,EEPk: % % % (% -N GENERAL: YOU DO NOT
HAVE TO REFER TO SUCH K0ND OF 4EN�- USE 0N THE
TEXT%
gOWEVER: BE CAREFULc

] xOU ARE NOT ALLOWED TO 0NCLUDE THAT
TRANSLATED TEXT W0THOUT REFERENCE
TO THE OR0G0NAL SOURCE OR AUTHOR)
v0THOUT SUCH REFERENCE: YOU WOULD BE
COMM0TT0NG PLAG0AR0SM AND THUS AN 0Rh
REGULAR0TY%

] �LWAYS CHECK THE TRANSLATED TEXT FOR CORh
RECTNESS AND MEAN0NG%

�S A SEARCH ENG0NE
TO GET 0NFORMAT0ON
ON A TOP0C OR TO
SEARCH FOR EX0ST0NG
RESEARCH ON THE
TOP0C

- 2SED THE L0MO
A0 ASS0STENT
TO SEARCH FOR
PAPERS) - 2SED
NOTEBOOKkl TO
fND SOMETH0NG
- READ B2T FORh
GOT FROM WH0CH
PAPER SO 0 CO2LD
REV0S0T 0T AND
ALSO TO SEE 0F -
LEFT TODO 0N Mx
THES0S TEwT

/H0S USE 0S S0M0LAR TO E%G% A 4OOGLE SEARCH OR
CHECK0NG v0K0PED0A% -F YOU WR0TE YOUR OWN
TEXT BASED ON TH0S 0NFORMAT0ON: YOU DO NOT
HAVE TO REFER TO THE USE OF 4EN�- 0N THE TEXT%
xOU ONLY HAVE TO REFER TO THE EX0ST0NG REh
SEARCH AND REFERENCES YOU HAVE CHECKED
AND USED pW0THOUT SUCH REFERENCES YOU WOULD
BE COMM0TT0NG PLAG0AR0SM AND THUS COMM0Th
T0NG AN 0RREGULAR0TY(%
gOWEVER: BE CAREFULc

] aE AWARE THAT THE OUTPUT OF THE 4EN�-
TOOL CANNOT BE GUARANTEED AS A ozz) REh
L0ABLE SOURCE OF 0NFORMAT0ON% /HE OUTh
PUT MAY NOT BE ENT0RELY CORRECT AND6OR
BE L0M0TED DUE TO THE DATABASES 0T
USES% <OREOVER: KNOWLEDGE EVOLVES AND
MAY CHANGE OVER T0MEs THEREFORE: THE
DATABASE OF THE 4EN�- TOOL MAY NOT BE
UP TO DATE% /HEREFORE: VER0FY THE 0NFORh
MAT0ON AND DO NOT iUST COPYhPASTE
0T AS YOU SHOULD UNDERSTAND AND CR0T0h
CALLY PROCESS EVERYTH0NG YOU ARE WR0T0NG%
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–OR L0TERATURE
SEARCH

- 2SED k0MO
A0 ASS0STANT TO
SEARCH FOR PAPERS
THAT - THEN CO2LD
EwAM0NE MORE 0N
DEPTH

/H0S USE 0S COMPARABLE TO E%G% A 4OOGLE rCHOLAR
SEARCH% xOU DO NOT HAVE TO REFER TO SUCH K0ND
OF 4EN�- USEs YOU ONLY HAVE TO REFER TO THE
L0TERATURE REFERENCES YOU HAVE CHECKED
AND USED pW0THOUT SUCH REFERENCES YOU WOULD
BE COMM0TT0NG PLAG0AR0SM AND THUS COMM0Th
T0NG AN 0RREGULAR0TY(%

gOWEVER: BE CAREFULc

] aE AWARE THAT THE SEARCH OUTPUT 0S REh
STR0CTED TO THE DATABASE THE 4EN�- TOOL
0S BU0LT ON% �FTER TH0S 0N0T0AL SEARCH: LOOK
FOR SC0ENT0fiC SOURCES AND CONDUCT YOUR
OWN ANALYS0S OF THE SOURCE DOCUMENTS%
-NTERPRET: ANALYSE AND PROCESS THE
0NFORMAT0ON YOU OBTA0NEDs VER0FY 0T
AND DO NOT iUST COPYhPASTE 0T AS YOU
SHOULD UNDERSTAND AND CR0T0CALLY PROCESS
EVERYTH0NG YOU ARE WR0T0NG%

] aE AWARE THAT SOME 4EN�- TOOLS MAY
OUTPUT NO OR WRONG REFERENCES) �S
A STUDENT YOU ARE RESPONS0BLE FOR FURh
THER CHECK0NG AND VER0FY0NG THE ABSENCE
OR CORRECTNESS OF REFERENCESs DO NOT iUST
COPYhPASTE 0T%
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–OR GENERAT0NG
PROGRAMM0NG
CODE

- 2SED 0T FOR
WR0T0NG EwPORT
LOG0C TO P2T A
D0CT TO A CERTA0N
fLE FORMAT L0KE
)MD) - 2SED
ANT0GRAV0Tx TO
BRA0NSTORM ABO2T
0MPLEMENTAT0ON
TO EwPLORE D0Fh
FERENT APPROACH)
/H0S D0SC2SS0ON
WENT BACK AND
FORTH 2NT0L - WAS
SAT0SfED W0TH
THE PLAN) /HEN
�- COD0NG TOOLS
WERE 2SED TO
S2PPORT SOFTWARE
DEVELOPMENT:
FOR EwAMPLE Bx
ASS0ST0NG W0TH
CODE GENERAT0ON:
DEB2GG0NG: AND
REFACTOR0NG) �LL
CR2C0AL CODE
WAS WR0TEN Bx
ME OR REV0EWED
ADAPTED: AND
TESTED WHEN
GENERATED: BEFORE
BE0NG 0NCORPOh
RATED 0NTO THE
fNAL SxSTEM)
/HE DESC0S0ON
MAK0NG ALWAxS
STA0D W0TH ME
AND - NEVER LET
THE �- COD0NG
AGENT R2N ON 0TS
OWN)

2SE OF 4EN�- FOR COD0NG 0S ALLOWED EXCEPT
WHEN 0T 0S PROH0B0TED BY THE TEACHER OR THE
PROGRAM OF STUDY% -F USED FOR COD0NG: CORRECTLY
MENT0ON THE USE OF 4EN�- ASS0STANCE 0N ACCORh
DANCE W0TH THE 0NSTRUCT0ONS ON THE PAGE ON BEh
0NG TRANSPARANT ABOUT THE USE OF 4EN�-%
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–OR GENERAT0NG
NEW pRESEARCH(
0DEAS

ADD TEwT HERE /H0S USE OF 4EN�- 0S ALLOWED EXCEPT WHEN 0T
0S PROH0B0TED BY THE TEACHER OR THE PROGRAM
OF STUDY% •ORRECTLY MENT0ON THE USE OF 4EN�-
ASS0STANCE 0N ACCORDANCE W0TH THE 0NSTRUCT0ONS
ON THE PAGE ON BE0NG TRANSPARENT ABOUT THE
USE OF 4EN�-%

aE CAREFULc

] !URTHER VER0FY 0N TH0S CASE WHETHER THE
0DEA 0S NOVEL OR NOT% -T 0S L0KELY THAT 0T
0S RELATED TO EX0ST0NG WORK% -F SO: THAT
EX0ST0NG WORK SHOULD BE CORRECTLY
REFERENCED 0N THE TEXT pW0THOUT SUCH
REFERENCE YOU WOULD BE COMM0TT0NG PLAh
G0AR0SM AND THUS COMM0TT0NG AN 0RREGUh
LAR0TY(%

–OR GENERAT0NG
SYNTHET0C DATA

ADD TEwT HERE 2SE OF 4EN�- FOR GENERAT0NG SYNTHET0C DATA 0S
ALLOWED: PROV0DED THAT 0T 0S METHODOLOG0h
CALLY AND ETH0CALLY iUST0fiABLE: EXCEPT WHEN
0T 0S PROH0B0TED BY THE TEACHER OR THE PROGRAM
OF STUDY% �LWAYS CORRECTLY MENT0ON THE USE OF
4EN�- ASS0STANCE 0N ACCORDANCE W0TH THE 0Nh
STRUCT0ONS ON THE PAGE ON BE0NG TRANSPARENT
ABOUT THE USE OF 4EN�-%

aE CAREFULc

] �LWAYS CAREFULLY EVALUATE THE GENERh
ATED SYNTHET0C DATA FOR QUAL0TY AND POSh
S0BLE B0AS S0NCE THE OUTPUT 0S H0GHLY DEh
PENDENT ON THE QUAL0TY OF THE DATA ON
WH0CH THE MODELS ARE TRA0NED%
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–OR GENERAT0NG
BLOCKS OF TEXT
pOTHER THAN THE
ALLOWED USE W0THh
OUT REFERENC0NG
MENT0ONED ABOVE(

�CCORD0NG TO �RT0CLE efl OF THE ’EGULAT0ONS
ON dDUCAT0ON AND dXAM0NAT0ONS YOUR TEXT
SHOULD ALLOW TO CORRECTLY AND PROPERLY ASSESS
YOUR OWN KNOWLEDGE: UNDERSTAND0NG AND SK0LLS%
/HEREFORE: 0NSERT0NG BLOCKS OF TEXT W0THh
OUT QUOTES AND A REFERENCE TO 4EN�- ASh
S0STANCE 0N YOUR WORK 0S NOT ALLOWED)

aE CAREFULc

] -F 0T 0S REALLY NEEDED TO 0NSERT A BLOCK
OF TEXT FROM A 4EN�- TOOL: FOR 0NSTANCE
BECAUSE OF THE NATURE OF YOUR ASS0GNh
MENT: MENT0ON 0T AS A C0TAT0ON BY US0NG
QUOTES AND CORRECTLY MENT0ON THE USE OF
4EN�- ASS0STANCE 0N ACCORDANCE W0TH THE
0NSTRUCT0ONS PAGE ON BE0NG TRANSPARENT
ABOUT THE USE OF 4EN�-%

] >OWEVER: 0N GENERAL: SUCH 4EN�- USE
SHOULD BE KEPT TO AN ABSOLUTE M0N0h
MUMs YOU SHOULD ALWAYS CHECK THE OR0Gh
0NAL SOURCES%

–OR GENERAT0NG V0h
SUALS: V0DEO OR AUh
D0O

ADD TEwT HERE 2SE OF 4EN�- FOR GENERAT0NG V0SUALS: AUD0O OR
V0DEO 0S ALLOWED EXCEPT WHEN 0T 0S PROH0B0TED
BY THE TEACHER OR THE PROGRAM OF STUDY%

aE CAREFULc

] -F USED: REFER TO 4EN�- FOR V0SUALS ACh
CORD0NG TO THE USUAL REFERENC0NG STYLE:
FOLLOW0NG THE 0NSTRUCT0ONS ON THE PAGE ON
REFERENC0NG 4EN�-%

] -F YOU WORK W0TH EX0ST0NG V0SUALS: AUD0O
OR V0DEO: THAT EX0ST0NG WORK SHOULD
BE CORRECTLY REFERENCED 0N THE TEXT
pW0THOUT SUCH REFERENCE YOU WOULD BE
COMM0TT0NG PLAG0AR0SM AND THUS AN 0Rh
REGULAR0TY(%

] dXPLA0N THE USAGE 0N THE METHODS SECT0ON
p0F THERE 0S ONE( AND OPT0ONALLY ATTACH pOR
L0NK TO( THE PROMPTS W0TH THE FULL OUTPUT
pOR H0STORY(%
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9THER USE pSPECh
0FY HEREs TH0S MAY
ALSO 0NCLUDE A
COMB0NAT0ON OF
TYPES OF USE MENh
T0ONED ABOVE(c

- 2SED CHATGPT
TO S0M2LATE
FEEDBACK FOR
THE THES0S TEwT)
- 2SED 0T TO
LEARN ABO2T
CONCEPTS THAT
WERE MENT0ONED
0N PAPERS B2T
NOT EwPLA0NED)
- 2SED 0T TO
HELP ME CREATE
S2RVEx .2EST0ON:
- 2SED 0T TO MAKE
CERTA0N TABLES 0N
THE R0GHT LATEw
FORMAT

/O MAKE SURE OTHER USE OF 4EN�- 0S ALLOWED
W0TH0N THE COURSE OR THES0S: AND 0F SO: THE CONh
D0T0ONS THAT MAY APPLY: CONTACT THE TEACH0NG
STAf OF THE COURSE OR THE SUPERV0SOR OF THE
THES0S BEFOREHAND AND EXPLA0N THE 0NTENDED
4EN�- USE% �LSO 0NFORM THE PROGRAMME D0RECh
TOR%

<OT0VATE HOW YOU WOULD COMPLY W0TH �RT0CLE
efl OF THE EXAM REGULAT0ONS% dXPLA0N THE USE
AND THE ADDED VALUE OF THE �- TOOL YOU CONh
S0DER TO USE AND HOW 0T 0S 0N ACCORDANCE W0TH
THE ASS0GNMENT OR THES0S AND THE J2 kEUVEN
GU0DEL0NES ON RESPONS0BLE USE OF 4ENERAT0VE �-
TOOLS%

,EPEND0NG ON THE K0ND OF 4EN�- USE: 0T MAY
BE NEEDED TO PROPERLY REFERENCE 0T 0N THE TEXT:
0N ACCORDANCE W0TH THE 0NSTRUCT0ONS PAGE ON
BE0NG TRANSPARENT ABOUT THE USE OF 4EN�-%
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