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When interest in learning programming began to grow in the 1980s, scientific research in computer science education also emerged. Some of the earliest studies on programming misconceptions were conducted at the university level using
languages such as PASCAL [1] and BASIC [2], [3], [4]. Today, BASIC has been largely replaced by Python in introductory programming courses. Although Python supports multiple paradigms, teaching at the elementary level typically
follows the procedural paradigm, introducing students to core algorithmic structures such as sequencing, conditionals, and loops. These are supported by foundational programming constructs including variables, if-else statements, and for
or while loops.
Importantly, learning to program is not merely a matter of learning syntax or mastering a programming language. Many misconceptions identified in earlier studies—despite differences in age group, context, and language—continue to
appear in modern programming classrooms. This suggests that difficulties in learning to program may be more cognitive than technical in nature.
We present findings from four quasi-experimental longitudinal studies conducted over a period of four school years. Our aim was to identify and analyze frequent programming misconceptions among fifth- and sixth-grade (10-11 years old)
students using Python. These misconceptions span basic programming concepts such as variables, sequencing, conditionals, and loops. We compare our findings with earlier research and highlight the persistent nature of many
misconceptions, despite significant changes in curriculum, tools, and learner demographics.

ACTIVITY OVERVIEW

Over four school years, we designed and conducted four quasi-experimental longitudinal
studies, each targeting programming misconceptions among novices in elementary

Phase 1

Comparison of
students’ final test

results after learning

[5], [6] .

schools. Each study was approached from a different perspective and with different
limitations, contributing to the triangulation of the research. All studies were conducted in

authentic classroom settings, involving a total of 435 students across four school years, 25

classes, five different schools, and five different teachers.

DETECTED MISCONCEPTIONS

Across all studies, a total of 17 distinct misconceptions were identified, primarily related to variables, sequencing, conditionals, and loops. The findings highlight the importance of addressing specific misconceptions early in programming
education and designing assessments and teaching strategies that explicitly confront them. Future work should focus on developing and evaluating teaching methods that can effectively mitigate these misconceptions in various learning
environments.

2015./16.

Participants: 127
Classes: 8
Grades: 5-6
Schools: 3
Teachers: 2

with Logo vs. Python

Comparison of student
achievement using
visualization techniques
with Python [7].

2016./17.

Participants: 98
Classes: 6
Grade: 5
Schools: 3
Teachers: 2

Impact of using MakeCode
(block-based) for mediated
transfer of programming
concepts to Python [8].

2017./18.

Participants: 47

Comparison of MakeCode
(block-based) for mediated
transfer vs. traditional
Python teaching of
programming concepts [9].

2019./20.

Participants: 163

Classes: 3 Classes: 8
Grade: 6 Grade: 6
Schools: 1 Schools: 3
Teacher: 1 Teachers: 2

CONCLUSIONS

No significant impact on misconceptions:

e the choice of a specific text-based programming
language in introductory programming (Phase 1) [6],

o the application of program visualization techniques in
reducing misconceptions (Phase 2) [7].

Significant impact on misconceptions:

e using a block-based programming language as a tool
for mediated transfer after prior text-based instruction
(Phase 3) [8],

e employing a block-based programming language for
mediated transfer compared to traditional instruction
(Phase 4) [9].

Phase 3 Phase 4
ID Misconception Concept(s) Python Example Explanation Phase 1| Phase 2 Post-
Post-Python (MakeCode | Control | Experim.
M1 Assigning expression variables instead Variables s =2 a1 STLIIjEI'ITShEliE’u‘Ethﬂt.ThE'-.'ﬂFiﬂtl.lEl'_‘l?ll'ltﬂil'lﬂthE 2660%| 21.43% 99 240 5200 | 2167%| 137%
of a calculated value unevaluated expression as astring (a+1).
L _ for i in range(J, &) Students believe the expression (i+ 1 Jwillbe
M1* |Sameas M1linloop Variables, Loop — — 404316 23,4006) 20,0086) 4.11%
print{i + 1) printed as a string six tim es.
M2 E-El.iE'-.-'inga.'u'ﬂrial:ules.tnresthesurﬂ of Variables a = ;IE”:I STLITjEI'IISthil‘lktl?l.E'u'ﬂ[iﬂtl!.EETDFEE“‘IEELIF"I of allits 2120 21.00% 16310t 2 550 | 14.975| 2 080
allits previously assigned values a = 20 assigned values (i.e., 120).
M3 !_Isingthes-yr’ll:unlic name of avariable Variables a = 100 Stf.llel'ltS l:—xFchtthc—namc—u:ufthen‘arial:ulc—atn:u be 17 780 3 160 o553%| 14890 1056%| 068%
instead of its value primnta) printed, not its value.
for i in range (0, 4) o . . T
Students believe the variabl dd ) willb
M3* |Sameas M3 inloop Variables, Loop add = i _LI =" _5 EHEvE _E an _ErmmEl& Jwitthe — — — — 10,56%| 0,00%
_ printed instead of its value [3).
print (add)
M4 UEiI.'IgtthirstI:III.FIZIFE'-‘-'iI:ILIE:I'-.-'ﬂlLIE Variables a = ;IE”:I StLIdE.I'lts I:fc—lic—'«.'c—thE'«.'ariaI:ulc—a still holds the first ssonul 17505 19 7704 426%] 1630 256
assigned to avariable a = 20 value (100).
= 100 Students believe the variabl tains th
M5 |Datatypeconfusion Variables = _ - H Er_ls EIE_E = variabiea con ﬂlnlsl.c— _ — 36,7494 14,8594 2.13wm]|— —
print('a") numericvalue 100, although the letter 'a' is printed.
for i in ran o, 3 Students believe that (i+1 ) will be evaluated and
M5* |Sameas M3inloop Variables, Loop © ] a.gn?i.s ) !'I ents helievethat e L jwillbe evaluated an — — — — 11,11%| 1,37%
print('i+l") printed.
v = 200 Students expect values to be printed in the order of
E ting thatvariables will be printed -
M6 _xpEE_m': aruarnabies Wit he printe Sequence x =1 assignment (200, 1), ratherthan in the order — 37.76%]|— — — —
in assignment values order _ o _ . _
print (=, v) specified inthe print statement (1, 200).
a = 20
b= 100 Students believe the values of a and b have b
Students believe the values of 3 an ave been
M7 |Incorrectvariable swap Variables a =nh . _ — 13,78%]— — — —
swapped (100 20).
b=a
print (a, b)
t = int (input ()] Students believe that the input value of thevariable
Expecting the inputvalue to be printed rnblinpe t will be printed, regard less of whether the
Mg | _ o Conditionals if t »= 20: o _ _ o — — 21.28%| 10,6496) 1241%| 0.23%
in a single-selection if statement _ ) condition is true or false, in a single-selection if
print ("Hot cold!') ) , .
statement (no else branch).
s = int (input ()} )
if < 128:
M9 |I'II2I:IF-FE-EtiI'ItEr|:IrEIﬂtiEII'II:IfﬂtlI:ILII'IIjﬂl'g.-' Conditionals pj‘_r_ti'Z cannot see!') StleEI'IISbEliE‘-.'l?-.thE.l'_‘.Dl'lditiDI'liSIFLIEWhEI‘IthE . . 23.40%| 23.400| 16.11%| 14.38%
condition . boundaryvalue (128) is entered.
gelze:
print('I see!')
Including the finalvaluein thel
M1g | e e HNEEHEITEREIERE ) cop Students believe the loop ends with thevalue6.  |— — 4255%| 24,11%|26,67%| 15,75%
range for i in range (0, ©)
M11 |Loop starts at 1 Loop for i in range (0, 6): Students believe the loop starts at 1. — — 2340%| 8,51%|13,33%| 2,74%
) o for i in range (0, &): ) . ] )
M12 |lgnoring the repetition in a forloop Loop _ |: :I Students believe the string will be printed only once. |— — 29,320 29,79%%)31.48%) 17.35%
print{'+"'
add = 0
Students believe the variable add st thefinal
M13 |Variable name affects value Variables,Loop |for i in range (0, &) HEIENES BEtEE e arm. Eagd stores e tina — — 15,15%| 12,779 12,224 12.33%
_ value of the loop range (G ).
add = 1
- o (o ) Students believe the variable add contains the loop
or i in range (0, © o _ .
M14 |lgnoring summation in loop Loop a4 :i.i _ range value (§),ignoring the accumulation of the — — 44681 31,91%) 26.67%| 15.07%
a = a + i
values within the loop.
b=0: . .
R - . der of ];I o students believe the finalvalue of b (100) is used
eversing execution order o a=hb+100;
M15 = Sequence o when calculating &, leading them to expect the — — — — 21.11%| 8.22%
statements b=100;
_ result to be 200.
print (a)
30 Students believe the condition is fal henit
Students believe the condition is false even when i
M16 |Misinterpreting the condition value Conditionals if t»=20: — — — — 11,114%] 13,70%
_ ) is true, leading them to expect no output.
print ('Hot cold!')
5 = int(input())
tfos < 12t Students believe that if the condition s fal
Students believe that if the condition is false,
M17 |lgnoring the else branch Conditionals print('I cannot see') , _ _ — — — — 23,33%| 12,33%
} nothing will be printed.
gelse:
print('I see!')

*Reported rates of misconceptions are based on students’ performance in the Python programming language after the respective instructional treatments.
Not all misconceptions appear in every phase, as their presence depends on the scope and design of the test instruments used.
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