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Abstract—Contribution: Thispaperaddstotheresultsofprevious
systematic  literature reviews by addressing a more
temporarycontextofintroductoryprogramming.ltproposesa
categorization of introductory programming challenges, andhighlights
key issues for a research roadmap on
introductoryprogramminglearningandteachinginhighereducation.

Background: Despite the advances in methods and tools forteaching
and learning introductory programming, dropout andfailure rates are
still high. Published surveys and reviews eithercover papers only up to

con-

2007, or focus on methods and tools
forteachingintroductoryprogramming.

Research Questions: 1) What previous skills and
backgroundknowledgearekeyforanovicestudenttolearnprogramming?
2) Whatdifficultiesdonovicestudentsencounterinlearninghow to
program?  3) What challenges do  teachers  encounter
inteachingintroductoryprogramming?

Methodology:Followingaformalprotocol,automaticandman-
ualsearcheswereperformedforworkfrom2010t02016.0f100 papers

selected for data extraction, 89 were retained afterqualityassessment.

Findings: Themostfrequentlycitedskillsnecessaryforlearningprogramm
ingwererelatedtoproblemsolvingandmath-ematical ~ ability. ~ Problem
solving was also cited as a learningchallenge, followed by motivation and
engagement, and difficul-ties in learning the syntax of programming
languages. The mainteaching challenges concern the lack of appropriate
methods andtools,aswellasscalingandpersonalizedteaching.

Index Terms—Achievement, faculty development, higher edu-cation,
introductory programming, STEM, student experience,systematicreview.

NTRODUCTORY programming courses are part of vari-
ousundergraduatecurricula,particularlyinSTEMdegrees

INTRODUCTION

(Science, Technology, Engineering, and Mathematics). In thispaper,
“introductory programming” (commonly called CS1 inthe United
States) refers to a course for novice students thattypically covers
problem-solving skills, basic programmingconcepts, the syntax and
semantics of a programming lan-guage, and the use of this
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programming language in order to address the problem. Several
subsequent classes are affected by a failing grade in an introductory
programming course [1]. There has been gradual incorporation of
programming basics into high school curriculum [2] and
improvements in techniques and tools for teaching and learning
introductory programming [2], [3], but there is still a high incidence
of dropout and failure in these courses [4,5]. Nobody seems to agree
on the most pressing problems[1,3-5] or have a firm grasp on how to
classify them [6, 7]. Prior studies and evaluations of the literature
have either concentrated on resources and techniques for teaching
basic computer science concepts [11] or included works published up
to 2007 [1, 8-10]. Therefore, a comprehensive literature study is
required that does the following: (a) clarifies and organises basic
programming challenges; (b) incorporates the most current research;
and (c) takes into account the views of educators and students. The
following is the outline of the paper: Attempts to organise research
findings on introductory programming are discussed in Section Il
Section 11 explains the systemic approach that was used, and Section
1V explains how it was applied to the work that is being shown here.
The study questions' responses are presented and analysed in Section
V. Section VI delves further into the responses, pinpointing potential
critical concerns with teaching and understanding basic
programming. This research is compared to others in Section VII,
which focusses on qualitative aspects. In Section VI1II, we detail our
findings and plans for the future.

Most of the surveys and systematic reviews on introduc-tory
programming teaching and learning do not cover researchresults after
2008 [1], [8]-[10], and focus more on teachingmethods and tools
than on student problems. A more
recentsystematicreviewofintroductoryprogrammingexaminedsuc-
cessful teaching practices [11]. Evaluating tools, methods,
andpractices for teaching introductory programming is essential,but
given that dropout and failure rates are still high [4], [5],and that the

PREVIOUSSTUDIES
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literature  shows no consensus on the main prob-  lemsinvolved[1],[3],[4],thereisaneedforunderstanding
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and categorization. Indeed, a better understanding of chal-
lengesinintroductoryprogrammingmayhelptodevelopbetterteachingto
ols,methods,andpractices.

Theprotocoladoptedinthisreviewfollowstheguide-
linesforsystematicliteraturereviewspresentedbyKitchenhamandCharte
rs[12]andPetticrewandRoberts[13].

METHOD

A. ResearchQuestions

RQ1: What previous skills and background knowledge
arekeyforanovicestudenttolearnprogramming?
RQ2:Whatchallengesdonovicestudentsencounterinlearninghowtop
rogram?

RQ3: What challenges
teachingintroductoryprogramming?
Theboundariesbetweenlearning(RQlandRQ2)andteaching(RQ3)ar
eobviouslyfuzzy,especiallyinascom-
plexasubjectasprogramming.Nevertheless,thisreviewkeepsthisdistinct
iontoprovideabetterunderstandingofchallengesinintroductoryprogram
ming,alreadyproposedinaprogrammingcontext[6],[7].

do teachers encounter in

B. SearchProcess

The search process started with a manual search in
specificjournals chosen for their relevance to the subject: the
ACMTransactionsonComputingEducation(TOCE),the|EEE Transacti
ons on Education, and Computer Science Education.A fourth source
of data entry for the manual search was a sys-tematic literature
review written in 2014 and often cited in theliteratureofthearea[11].

Amanualsearchisfrequentlycompletedbyanauto-
maticsearchonscientificdatabasesusingasearchstring.Recurringkeyter
ms—suchas“programming”,“program-
minglanguage”, “programmingteaching”,”“computerpro-
gramming”,“coding”,“CS1”,and “noviceprogrammers”

—were identified in the papers from the manual search. Thesearch
string for the automatic search was  built  from
thesetermsand,afterpreliminarysimulations,wasdefinedas:(“learning
programming” OR “teaching programming”)
AND(“noviceprogrammers”OR“CS1”).

Thedatabaseschosenfortheautomaticsearchwere:ACMDigitalL ibra
ry,IEEEXploreDigitalLibrary,SpringerLink,ScienceDirectandERIC(t
heEducationResources Information Center, sponsored by the Institute
ofEducation Sciences). Before doing the automatic search, thesearch
string was validated by being wused in the IEEE
andACMdatabases. Thepapersretrievedwerecross-checkedwith  the
papers selected manually (by applying inclusion andexclusion criteria
- see below) from IEEE and ACM journalsrespectively.

C. SelectionCriteriaandProcedure

Papers included in the review had to be written in English,and
published in  conferences or journals, or as book
chapters,between2010and2016,onthethemeofteachingandlearningintr
oductoryprogramminginhighereducation.
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Paperswereexcludedifthey:

1) Didnotaddresstheresearchquestions;
2) Weretooshort,suchasworkshoppapers;
3) Werepublishedinlocalconferences;

4) Were written by the same research group with the
samedata(inwhichcaseonlythemostrecentwaskept).
Becauseofthelargenumberofpapersretrievedinthesearch,atwo-
stepprocedurewasperformed.First,apre-
selectionstepappliedtheselectioncriteriaonthebasisoftitle, — keywords
and abstract. Next, the  full text of the pre-

selectedpaperswasanalyzed,andduplicates(criterion4)wereexcluded.

Two researchers carried out the selection process, both ofwhom
independently analyzed each paper. The reasons
forinclusionorexclusionwerecarefullynoted,andmeetingswereheld to
resolve any disagreements, with the help of a thirdresearcher.

D. Snowballing

The results from both manual and automatic searches, afterthe
application of the selection criteria, were “snowballed”,that is, the
bibliographical references of all the selected paperswere considered
as potential studies, and were then
analyzedaccordingtotheinclusionandexclusioncriteria.

E. QualityAssessment

Thequalityoftheselectedpaperswasassessedagainstcriteria  selected
and adapted from Kitchenham & Charters’guidelines [12], focusing
on the methods adopted and theirscientificrigor.

For papers based on field studies (qualitative and quantita-
tiveapproaches),thecriteriawere:

1) Howwellwasthedatacollectioncarriedout?

2) Howwellwastheapproachto,andformulationof,theanalysisconve
yed?

3) Howwellwerethecontextsanddatasourcesretainedandportrayed?

4) Howclearandcoherentwerethelinksbetweendata,interpretation,a
ndconclusions?

Fortheoreticalpapers,thecriteriawere:

1) Howwelldidtheanalysisaddressitsoriginalaimsandobjectives?

2) Howhasknowledgeorunderstandingbeenextendedbytheresearch
?

3) Howwellwasdiversityofperspectiveandcontextexplored?

Theassessmentwasperformedindependentlybytworesearchers, and
each paper was scored on the scale (for eachcriterion): 0 - very
poorly; 1 - poorly; 2 - reasonably; 3 - well;4 - very well. For scores
that differed between the researchersby two or more points, a
meeting was held with the thirdresearcher to resolve the conflict. A

quality threshold
wasadoptedtodecidewhethertokeepthepapersintheanaly-sis. The
scores  obtained  for each  question  were  averaged

togivethefinalscoreforeachpaper.
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F. DataCollectionandAnalysis

The following data were extracted from
andrecordedinthecodebook(inspreadsheetformat):
Search mechanism (manual, automatic or snowballing)and

each study

source (journal name, database name and article
title,respectively);

- Title, keywords, authors, publication venue, type
(journalorproceedings),andyear;

- Objectiveandparticipants;

- Scientific  method  (qualitative  and/or
quantitativeapproach,andspecificmethodsadopted);

- Summaryofthestudy;

- Answerstoeachresearchquestion;

- Qualityassessment;
Oneresearcherextractedthedata,withtheothercheck-ing the

extraction. Any disagreements were discussed

untilresolved;ifnecessary,thethirdresearcherwasinvolved.

To analyze the answers to the research questions, a bottom-up
inductive  approach ~ was adopted.  Firstly, key terms
werecollectedexactlyasusedineachpaper.Differenttermsusedtorefertos
imilarconceptswereidentified,showingthatauthorschoosewordsratherf
reelyindiscussingatopic,rather than following a standard terminology
(perhaps drawnfrompriorexperienceorpreviousexperienceinprogram-
ming).Suchsynonymswereconsolidatedunderthemostfrequently-used
terms. Then related concepts were groupedinto categories under each
research question, to clarify thepresentation and discussion of the
results, Section V. Thisgrouping also drew on the literature where
applicable
(forexampleontheoriesonComputationalThinking[14],[15]),as
discussed in Section V. Some terms were used by someauthorswith
slightly different meanings;these are
discussedinSectionV.Thefirsttworesearchersperformedtheinductivean
alysistogether,thenthethirdrevisedandvalidatedit.

IV. METHOD APPLICATION
A. SearchandSelectionResults

Thesearchforpapersrelevanttothereviewfollowedtheprocesslaidouti
nFig.1. Themanualsearchpro-vided 721 potentially relevant papers,
from which 45 werepre-selected. The automatic search yielded 5,870
potentiallyrelevantpapers,fromwhich101werepre-
selected. Thisgaveatotalof146pre-
selectedpapers.Inthesecondphaseoftheselectionprocess,26papersfromt
hemanualsearchand62papersfromtheautomaticsearchwereretained,giv
ing88 relevant papers in total. The snowballing process on these88
selected papers provided another 102 candidates, of whichl12 were
selected. The final total at the end of the whole pro-cess was thus 100
papers. These are listed as Selected
PapersintheReferencesectionofthispaper[R01]-[R100].

B. QualityAssessmentResults

Toassessthequalityoftheselectedstudies(byansweringaseriesofquest
ions—seeSectionV),thescientificmeth-ods they adopted to support
their arguments were
collected, Tablel. Thisinformationpersecanbeofinteresttothecomputers
cienceeducationcommunity.
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TOCE: 142
Manual % 721 || IEEE Transactions on Education: 429
Search Search results Computer Science Education: 118
Vihavainen et al: 32
ACM: 2,987
K L] P lSEpElfn1g§r7 Lk 798
Search result g
okl renresums Science Direct: 189
ERIC: 621
45 TOCE: 12
: IEEE Transactions on Education: 6
Potentially | | . A
Computer Science Education: 12
relevant from Vihavai 15
Pre-selection mdnualseoreh ihavainen et al:
Exclusion criteria 1-3 9
Inclusion criteria 101 ACM: 41
. IEEE: 29
Potentially ¢ .
Springer Link: 13
relevant from X )
automatic search e Dl
ERIC: 16
146
Potentially
relevant
26 TOCE: 4
Potentially IEEE Transactions on Education: 2
relevantfrom || Complfter Science Education: 10
Selection manual search Vihavainen et al: 10
Exclusion criteria 1-4 9
Inclusion criteria 62 ACM: 26
. IEEE: 20
Potentially | 2 =
Springer Link: 8
relevant from p 8
automatic search siclencs Direcs |
ERIC: 7
88
Potentially
relevant
Snowballing % 102
Potentially
relevant
Selection 12
Exclusw‘n cntgna.l-4 % Relevant studies
Inclusion criteria

v

100
Potentially
relevant

onlysixofthel0OOpapershadscoresforatleastoneofthecrite-ria that
differed by two or more points. In the histogram of thequality
assessment  scores, Fig. 2, the x-axis labels the
upperborderofeachhistobarrange.

Most studies received a good score, which is to be expectedsince
they were published in peer-reviewed scientific
journalsandconferences.Afewstudies,however,obtainedsignif-
icantlylowscores,andwerenotconsideredofacceptablequality to be
included in the analysis. The threshold scoreadopted was 1.81, which
corresponds to one of the
apparentdiscontinuitiesinthehistogram.Consequently,11papers(of
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TABLEI
OVERVIEW OF METHODS

Mecthod Scleeted References

RO4, ROS, RO9, RI1.R12, R17, RIS,
R22.R23, R24, R25, R26. R27, R29,
R30, R35, R38, R40, R41, R42, R43,
R44, R45, R48, RS1, R33, R55, R56,
R57, R58, R39, R60, R61, R62, R63,
R64, R66, R74, R75, R78, R79, R81,
R82, R83, R85, R§9, R92, R94, R90,
R98, R99, R100

Pedagogical intervention
evaluated through analysis of
student performance and/or
feedback

RO3, R0O6G, RO7, R10, R11,
R19, R20, R21, R28, R31.
R34, R35,R37, R41, R42,
R46, R47, R50, R52, R53,
R57, R62, R65, R61, ROY, R70, R71,
R76, RS0, R8I, R83, R87, RY3, RYS,
R97

Survey, questionnaires,
interviews and /or focus groups

R0O3, R04, R0O9, R19, R28, R44, R50,
R51, R83

Observation of classroom
activities

R13, R33, R45, R51, R67, R70, R74,
R85, R8Y

Analysis of students' learning
styles and strategies

Analysis of student R64, R66, R67, R70, R73, R75, R77
performance with regard to type
of assessment, pedagogical

approach or contextual factors

Analysis of student errors R36, R63, R84

Comparison between teachers’ | RO R16
predictions/perceptions and

students' actual performance

Theoretical reflection based on RO2, R49, R68, R72, RB6

teaching experience

uft arftl didetissTr HRIdwR 72, R74.

the 100) Wisré dsecIeat. The res
e %575 R0, R8I, R8O, R90, RO

onlyconsidertheremaining89pay

C. ProtocolLimitations

Thisreviewsharesthemostcommonlimitationsofthesystematic
method: search coverage and possible biases intro-duced during
study selection, data extraction, and
analysis. Theselimitationswereaddressedfollowingthegeneralrecom-
mendations ~ for  systematic  reviews—using a combined
manualandautomaticsearchcomplementedbyasnowballingprocess,and
havingtwoormoreresearchersselectingstudies,assessingqualityandextr
actingdata[12],[13].

Thespecificlimitationofthestudyliesinthefactthatthestatedresearchq
uestionsrequireanswersthatarenotbinary or objective. This review
required a categorization ofterms used by different primary studies to
characterize intro-ductory programming challenges. However, as is
typical ofeducation-related issues, the categories have fuzzy
boundaries,so a given lexical term is used by different authors with
thesamemeaning.

Michael Lee et al., 2024
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the threshold score adopted. X-axis labels give the
upperborderofeachhistobarrange,andthenumberofpapersinthatrange.
TABLEII
STUDENT SKILLS
Category Skill References
problem solving RO4, R0O9, R10, R15,
R19, R27, R39, R41,
R31,R67,R73, R74,
R75, R77, R80, R87
mathematical ability RO4, RO7. R10, R28
. ) R38, R44, R45, R49,
Programming R69. R73. R7S. R7T.
Related R80, R85, R8O
Skills
previous knowledge in RO6, R15. R23, R29,
programming R48, R67. R69, R73,
R75,R77. R86
abstraction RO7, R12, R19, R28§,
R&1, R86
basic knowledge in English RO1, R23, R38. R75. R8O
(General | iical thinking and R10,R12, R14, R28
Fducational | giccussion skills
Skills
RUFRST
creativity R12, R28, R87, R97
time management
\/ N
V. N\EOULTS
A. SkillandBackgroundKnowledge(RQ1)
The skills extracted from the papers were grouped into

twocategories:Programming-RelatedandGeneralEducational, Tablell.

1) Programming-RelatedSkills:Problem  solving,whichcan be
defined as understanding the context of a
problem,identifyingkeyinformation,andmakingaplantosolveit[ 16],was
among the most cited skills for answering RQ1 (16 pub-

lications).Itisconsideredaprerequisiteforlearninghowto program:
“There are researchers that emphasize that thecomputer
programming requires the use of problem-

solvingtechniques.Thelackofmasteryofthesetechniquesmakesitdifficult
tolearnprogramming.”[R39,p.02];andeventhemaingoalofintroductory
programmingcourses:“[thegoalis]tofamiliarizethestudentstotheartofp
roblem
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solving and to teach them how to express solutions in a sim-
pleway”’[R15,p.68];and“thelong-termgoalsfortheintroductory
programming course are that the students shouldeventually develop
problem-solving ability and design compe-tence” [R41, p. 130]. It is
also important that students cansolve problems efficiently when
working cooperatively withpeers,teachers,andmentors[R39].

Mathematical ability is cited as a necessary skill closelyrelated to
problem-solving ability. Fifteen studies argue
thatdeficientmathematicalabilityisonereasonforthediffi-culty
encountered by novice learners of programming: “Whentalking with
programming teachers, most of them claim thatstudents don't know
how to program because they don’t knowhow to solve problems and
do not have enough mathematicalbackground” [RO7, p. 113];
“Moreover many students did notshow basic mathematical skills that
are expected when enter-ing higher education (...). Students had
difficulties in calculus;Students did not have enough basic
mathematical conceptsconcerning number theory; Students had
difficulties to trans-
formatextualproblemintoamathematicalformulathatsolvesit;(...)Stude
ntshadweakabstractionlevels;Studentshadlackof logical reasoning”
[R45, pp. 01-02]. However, the correla-tion between mathematics
and programming is not necessarilya cause-effect one: “some
teachers believe that mathematicalability is important for
programming. However, they
believethatthepositivecorrelationbetweenthemisduetomorebasiccogni
tive functions that would be common to both domains.Thus, when
developing a “mathematical logic”, the
studentacquiresstructuresorcognitiveabilitiesthatfacilitateorpromotel
earningtoprogram”[R28,p.04].

Eleven publications discuss the impact of students’ pre-
viousknowledgeinprogramming;thereisnoconsensusasto its
consequences. For instance, [R15] and [R29]
considerpreviousknowledgeinprogrammingasapredictorofsuc-cess for
novice learners in higher education: “Although a fewof the students
have already learnt some programming lan-guage before getting
enrolled in Computer Science degreeprogram at university level, and
it is believed that prior pro-gramming has a positive impact on
Computer Science studies(...)” [R15, p. 64]; “Students who studied
programming in thepast tend to do well compared to those with no
programmingexperience.”[R29,p.296].

However,theassociatedbenefitsarenotstraightforward :“Wenormally
thinkoftheabilitytocodeasthemainbenefitofhavingpriorprogramminge
xperience,butstudentinterviewssuggestthattheimpactofthisexperiencei
smorecomplex:itaffectsstudents ‘expectations,workhabits,attitudeandc
onfidence,andperceptionsofselfandpeers”[R06,p.244].Finally,abstract

ion iscited insix studies. Wing[17]definesabstraction as “the most
important and high-level thought pro-
cessincomputationalthinking(...)usedindefiningpatterns,generalizingf
romspecificinstances,andparameterization(...)tocaptureessentialprop
ertiescommontoasetofobjects”.Indeed, “aprogrammerneedstoapplyab
stractionwhenanalyzingcomputationalproblems,aswellastoinstantiate
abstractprogrammingconceptsandtechniquestosolvepar-ticular
computational problems” [R12, p. 624]; “Itis
expectedthatstudentswilluseit[abstraction]topassfromtheconcrete
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worldtoamoresemanticandsymbolicreality,formulat-
ingorrepresentingaprobleminamoreabstractmanner,less attached to
the details and singular concrete elements.When a student faces
difficulties while attempting to do
thisabstraction,he/sheisnotcapableofmovingfromrealitytoamoregener
iclanguagesuchasthenotationusedinprogramming”[R28,p.04].

2) General Educational Skills:Critical thinking and dis-cussion

skills  were cited in four publications, associated
withthestudents’levelofmaturityattheuniversity. Theyaffectthe
interpretation and analysis of problems, and figure in

thelowincidenceofclassroomdebate.

Four studies comment on the importance of creativity
inprogramming, for example, “it is important to stress that
thesestudents also believe that mathematical dexterity is importantas
well as  creativity, even though they state that
programmingisbasicallyreasoning”[R28,p.04].

FivepublicationsaddthatlimitedknowledgeinEnglishis a barrier, as
it is used in the syntax of all consolidatedprogramming languages.
Reference [R23] argues that, in thecourse they analyzed, fluent
English speaking students weremorelikelythannon-
fluentonestobesuccessful.

Finally,timemanagementwasalsocitedasanessentialskillby
and [R81], in terms of planning use of time
thestagesintheexecutionofaproject.

[RO4]
and

B. DifficultiesEncounteredbyStudents(RQ2)
Thefirstthreecategoriesin Tablell larerelatedtothethreestagesofcomp

utationalthinking(problemformula-tion, solution expression and
solution execution and evalu-
ation)presentedbyRepenning,BasawapatnaandEscherle[14, pp. 268-
269]. The remaining category is behavior,

relatedtosocial,emotionalandself-managementaspects.
1) ProblemFormulation:Asexpected,problem-solvingreappeared
as a challenge faced by students, with 23 studiesidentifying this as a

difficulty. These echo the arguments dis-
cussedwithrespecttoRQ1linSectionVV-Aabove:“Asmaybe expected, the
learners face more difficulties to

establishrelationsbetweendifferentprobleminstances.Conceivably,ast
udentwhohasgainedalittlefamiliaritywiththisproblem-
solvingapproachshouldprovidelogicallycorrectanswers” [R33, p.
164]; “Many of these [students] end updropping the course due to
not being able to solve
problemsandthereforefeelinginadequate.”[R26,p.93].

Another problem cited, also discussed under RQ1, concernsthe
abstract nature of programming, with similar arguments:“(...)
students in learning programming need to imagine andcomprehend
many abstract terms that do not have equivalentsin real life: how
does a variable, a data type, or a memoryaddressrelatetoareal-
lifeobject?Theseconceptsaredifficulttograsp.Consequently,manystude
ntsstruggletocomprehendeven the most basic of programming
concepts” [R49, p. 16]; “Students face diverse problems when they
are learning pro-gramming (..) mainly because programming is
dynamic andabstract "[R54,p.414].

Algorithmic reasoning, which appeared in three studies,
isunderstoodhereas “apoolofabilitiesthatareconnectedto
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TABLEI
STUDENT DIFFICULTIES

Category Difficulty References

problem solving R10,R14, R15, R16, R22, R26,
R33, R37, R39, R41, R44, R45,
R48, R49, R70, R73, R74, R8I,
R87, R8O, RO2, R94, R99

problem
formulation abstract nature of R10, R14, R33, R49, R54, R99
programming

algorithmic and R28. R41. R99
logical reasoning

syntax of RO2, RO9. R15, RIS, R21, R27,
programming R33, R36. R39, R42, R44, R48,
language R49. R74, R82, R83, R84, R¥7.

solution R90, R92

expression

control structures R16,R21.R25, R27, R30, R43,
R44, R48. R65, R74, RE86, RY0

data structures R21, R30, R34, R61, R90O
structure of the R21, R25, R34, R63
code
others R0O3, R21, R25, R34, R33
debugging R0O2, R14, RI8, R21, R27,
coluti R48, R55. R84, R&7, R89, RY0,
solution RO1. RO6
execution and
evaluation .
tracing the R14,R16, R19, R27, R42,
execution R53, Ro1, R68, R84
maotivation and RO3, RO4, R10, R11, R12, R13,
engagement R17, R20, R23. R24, R206,

R30, R44, R45, R48. R55, R56,
R70,R71, R72, R73. R74, R75,
R77,R79, R80. R&4. RR7, R8S,
R89, R90, R94, R96, RYT7, RYE,
R100

time management RO1, R13, R44, R46, R50, R55,
behavior R56, R69, R8N, R8I, R&8, R93,
R94, R96, R100

study skills R10, R13, R46. R50, R56, R0Y,
R75, R80, R93. R94, R97

confidence R10, R36, R69, R75, R85, R92,
R93, R98, R100

perception of RO3, R12, R21, R65. RE1, R93
programming as a
complex discipline

constructing and understanding algorithms: to analyze
givenproblems; to specify a problem precisely; to find basic
actionsthatareadequatetothegivenproblem;toconstructacor-
rectalgorithm to a givenproblemusing the basic actions ’[18, p. 160].
According to teachers, “(...) it is this shift inperception that allows
them [the students] to see the
wholebasedonthepartsthatwillallowthestudenttoelaboratethealgorith
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m.Inwordsofoneoftheteachers,whenthinking
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this way, the student ‘no longer thinks as a person but startsthinking
as a computer, taking into account the
machine’slimitedcomprehension.”’[R28,pp.03-04].

2) Solution Expression:Once the problem is formulated,students
can move on to expressing a solution through pro-gramming
structures. The first problem within the
solutionexpressionscope,with20occurrences,concernsthesyntaxof
programming languages, as reported by [R48, p. 02]: “Theoverhead
of learning the syntax and semantics of a languageat the same time,
and difficulties in combining new and previ-ous knowledge and
developing their general problem-solvingskills”. According to
[R49, p. 02], “even students, who haveadequate problem-solving
skills and manage to phrase a solu-
tiontoaprogrammingproblemintermsofapseudocode,findit difficult to
turn the pseudo code into a syntactically correctcomputer
program.” In  this  context, it is  important to
considersyntaxerroraspartofthelearningprocessandhelpstu-dents
learn to recover from them [R36], [R48]: “Syntax errorsare an

important area of programming pedagogy
research.Experiencedprogrammersrarelymakesyntaxerrors,andwhe
ntheydo,theyhaveclearstrategiestocorrectthemvery quickly.

However, syntax errors are significant for noviceprogrammers;
correcting them is a time-consuming processand often leads to
random debugging behavior, also influ-enced by the fact that
students do not understand compilermessages "[R48,p.16].

Control structures also appeared as a challenge (13 occur-rences).
Among them, conditional statements [R25],
[R43],loops[R14],[R25],[R27],[R43],[R48],[R65],[R86],[R90],
recursion [R18], [R27], [R90], and sequence, selection
andrepetition[R21],[R30]werethemostcited.Selectingtheappropriate
structures for solving a problem (if, if/else,
with,for,while)wasalsocited[R21]asadifficulty.

Several papers also mention difficulties related to the use ofdata
structures. References [R21] and [R34] explore this topicthe most
deeply, but only on the basis of previous literature,and not on their
findings. Data structures most often cited
aspotentiallydifficultwerearrays[R21],[R30],[R61],[R90].

For code structure, some papers mention the use of func-
tions/classes  [R21], [R65], the relationship  between
classesandobjects[R25],andusinglanguagelibraries|[R34].Finally,
other aspects of solution expression cited were: point-
ers[R03],[R21],[R34],[R53],[R65],references[R34],[R65],
parameters [R25], [R34], [R65], variable scoping [R53]
anderrorhandling[R34].

3) Solution Execution and Evaluation: Students should testand
analyze their code to identify and correct problems. In thiscontext,
debugging (13 publications) and code tracing
(ninepublications)werethemostcitedchallenges.

Debuggingisdescribedasacomplexactivity,requiringsev-eral
aspects to be mastered: “Debugging, one of the essentialskills for
successful programmers, is difficult for novices as itrequires the
application of many new skills simultaneously.Students must
understand the problem domain, know rudi-mentary programming
concepts and understand at least oneprogramming language well
enough to read and write instruc-tions, comprehend the logic of the
intended program, and
beabletotrackdownandfixbugs "[R55,p.390].Itdemands
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muchpracticeand shouldbe explicitlysupportedby teach-
ers: “debuggingshouldbeexplicitlytaught. Assumingstudentswill simply
“pick up” debugging skills as a by-product oflearning to program
may lead them to develop some of theineffective strategies observed
in this study” [R55, p. 395].Reference [RO2] states that students
rarely test their code, per-haps because they do not know how to
formulate proper testcases, or because they lack the discipline to test
their codesystematically.

Finally, students should also be given the opportunity
fordeveloping code tracing skills, as cited by nine papers, sincethis
helps them understand programming more
holistically. Thisactivitymayberelatedtodebugging,butcanalsobeused
to understand code passages. The authors argue that: “code tracing
activities exposed students’ not viable modelsand, more importantly,

provided a much clearer starting
pointwithwhichtodiscusscorrectmodels ”[R53,p.562].
4) Behavior:This category encompasses social and emo-

tionalaspectsthatcanhaveanimpactonstudentlearning,suchas
motivation, engagement, and confidence (including the per-ception
of programming as being  difficult), as well as
studyhabitsandtimemanagement.

The most discussed issue in this category (36 occurrences),is the
relationship between students’ motivation and engage-ment, and
positive learning outcomes [R14]: “For learners,engagement
correlates with improvements in specific desir-
ableoutcomes(...),suchasgeneralabilitiesandcriticalthinking,
cognitive  development, improved grades  and
sistence "[R14,p.02]. Theperceptionofprogrammingasa complex
discipline, coupled with the previously
discussedlearningchallenges,contributestostudents’demotivation,par-
ticularly in the first year of higher education [R10]: “(..)
anunmotivatedstudentwillhardlysucceed.Thisisaggravatedby the fact
that programming courses usually gain a reputa-tion that passes
from student to student of being difficult thatso many of them start
already feeling defeated” [R12, p. 02]. “The motivational dimension
has a great impact on the indi-
vidual’scognitivedevelopmentandisadeterminantfactorfor success in
the learning process (... ). It is motivation thatfosters in the student the
disposition to want to progress
andreachthegoalsthatwereset,maintaininganadequatelevelofvolitiont
oovercomethedemandsthatarebeingdealtwith ”[R13,pp.1-2].

Students’ confidence is another issue (nine
occurrences).According to [R10, p. 02], “some students may have
moti-vation but the self-confidence may be blocked, as such
thesetypesofstudentsneedtheteachertoworkcloserwiththemto  develop
self-esteem”.  Similarly, [R98, p. 14] argues that“Student
programmers who lack confidence are less able tomake independent
progress with coding exercises. They fre-
quentlybecome “stuck”,andwillwaitforassistancefromtheinstructor,rat
herthantryanalternativeapproachontheir own”.  Confidence in
programming is expected to
changerapidlyasthestudentgainsexperience[R98].

Fifteen publications mention students’ poor time manage-ment as
another challenge: “most students indicated that theyregularly spent
far less time studying for the unit than the rec-
ommendedeighthours[perweek] "[R46,p.125].Students

per-
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TABLEIV
FAcULTY CHALLENGES

Challenges References

methods and tools for teaching R13, RI18, R19, R24, R28, R35, R41,

programming R46, R47. R49, R53, R57, R58, R59,
R60, ROT, R63, R64, R70, R72,
R73, R74, R70, R78, R79, R8I, R82,
R88, R8§9, R93, R98, R99, R100

scale problems R0O3, R0O9. R10, R32. R44, R50, R57,
R68, R72, R93, R96

keeping students’ motivation, RO3, R10.R12, R14, R20. R24, R27,

engagement and persistence R51, R78, R79, R80, R81. R8O, R8T,
R&9, R93. RY6

teacher-student communication R10, R14. R18, R24, R27. R29, R41,

and feedback R76. R82, RE3, R85, R87. R90, R91,
R96, R97

programming language RO5, R15. R19, R47, R48

curriculum and instructional RO3, R51, R75

sequences

addressing students' inadequate R28, R90, R91

mathematical background

themselvesacknowledgethisdifficulty: “Anotherconstantlyrecurringthe
meinthefreecommentssectionwastimeman-
agementissues.Manystudentsreportedthattheyhavetoomanyconcurrentc
ourses,allwithhighworkload.Withoutcareful time management and
prioritizing, there is not enoughtime for deep-level learning in every
study topic” [R44, p. 04].Anotherissue isstudyskills
(elevenoccurrences)suchasorganizationand minimalwork habits[R10],
or the compre-
hensionofstudents’ownlearningstyles[R46],[R75],[R80]:“Theacquisitio
nofwell-
functioninglearningstrategiesandskillsseems,inthisspecificcontext,tobe
affectedbygroupworkstrategies,extrinsicmotivation,andsomeissuesrelat
edto study habits. It is not always easy to establish a direction
ofcausality,butoneimportantaspectinlearningprogrammingseemstobeth
eworkthatstudentsarerequiredtodoontheirowntime,outsidetheinstructed
learningsessions.Foronereasonoranother,intoomanycasesstudentsaren
otableto

findeffectivewaysofworking(...)’[R80,p.306].

C. FacultyChallenges(RQ3)

Challengesfacedbyfacultywhenteachingintroductoryprogramming
are listed in Table IV. Obviously, learning chal-lenges (RQ1 and
RQ2) would naturally appear in RQ3
asteachingones.Toavoidredundancy,onlyteachingchal-lenges
corresponding to the most-cited learning difficulties, Table 111, were

included in the discussion here. Other teach-
ingchallengesthathavenotyetbeendiscussedarealsotreatedhere.

1) Revisited Challenges:Maintaining student
motivation,engagement and persistence is fundamental (17

occurrences),butteachersstruggletofindstrategiestoattractstudents’inte
rest[R10].Reference[R24,p.499]arguesthatthe
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That "not many teachers realise that it is also their respon-
sibility to motivate the students and arouse the students'
interests” and that teachers should "be a motivator, not just a
provider" are two important points. "R24," page 499.
According to reference [R51], teachers should provide
students a solid foundation in basic problem-solving skills and
fundamental concepts before presenting more complex
problem-solving plans. This will ensure that students have the
necessary background knowledge to understand and benefit
from the more advanced plans. As a result, less-advanced
beginners should be more motivated to stay in introductory
classes. [R51, page 311]. The third idea that is strongly
connected to this is maintaining student involvement: "

improving the student engagement can be different from case
to case and must be elaborated into practical approach and
strategies.” In the current educational style, not all students are
engaged. Additionally, some teachers do not pay attention to
how their students react to different teaching strategies in
class. Lastly, students may feel overwhelmed by the amount of
work they have to do, which can affect their "quality of effort."”
(R14, page three). Additionally, students' weak mathematical
foundations are reviewed, and educators are encouraged to
address this issue by developing targeted lessons and/or
modifying their pedagogical strategies: We suggest including
exercises that assist students build mental models appropriate
to the cognitive abilities required for programming into the
curriculum in the hopes that this would improve their
performance in the class. Although the wvery concept of
problem-based learning is to foster problem-solving skills, our
research shows that this approach is insufficient when dealing
with students who pose more challenging problems. [Page 06,
R28]. 2) Approaches and Resources for Programming
Education: Teaching techniques and tools are the greatest
difficulty in RQ3, as mentioned by 33 articles. This
overarching issue highlights many difficulties highlighted in
RQ3. Learning through doing and example-based learning,
problem-based learning, recorded classes, active learning
exercises, live coding, canned examples, and a trace-driven
approach to teaching are all proposed methods. Other
approaches include extreme apprenticeship, gamification,
games, team-based learning, media computing, collaborative
learning, tutoring sessions, mentor support, peer instruction,
and pair programming. Applying these strategies has not yet
shown definitive results, albeit [11]. This apparent mismatch
in teacher expectations and student behaviour could provide
universities the urge to reassess the sort of educational
experiences we provide for our students, as reference [R46]
reinforces: "The current teaching methods need to be
rethought." R46, page 128. Research on the use of certain
pedagogical approaches in beginning computer science
courses has shown mixed results, with some methods failing to
provide desired results for reasons that remain puzzling. "Like
many institutions, our introductory classes suffered from low
retention rates and poor student performance," reads one
account of a somewhat successful program (R53, pp. 562-
563). The addition of active learning activities and the use of
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live coding and canned examples to demonstrate the
functionality of code features were among the pedagogical adjustments
we made, yet these challenges persisted still. that is not a These
courses already included
possibilities for students to construct accurate mental models include
in-class code tracing and coding activities, laboratories, minor
programming homework problems, bigger programming projects, and
other similar possibilities. Some of these things seemed to harm more
than they helped, according to our observations. However, an
experiment utilising a trace-driven teaching strategy was reported by
[R53] and it resulted in a 25.49% reduction in dropouts and an 8.51%
decrease in grade fails. The need to prioritise and modify teaching
techniques in order to enhance problem-solving abilities is discussed in
reference [R47]. This is one of the most often mentioned talents
required for learning programming (RQ2). According to reference
[R49], there aren't enough resources to effectively teach the object-
oriented paradigm. The selection of tools and the first programming
language provide significant challenges for educators, as noted in
reference [R19].
3) Issues with Scale: Factors such as student heterogeneity [R09], class
size [R0O3], staff resource limitations [R32], [R44], [R72], [R93], [R96]
and personalised instruction [R09], [R10], [R50] are all a part of the
scale topic, which is linked to the number and diversity of students in
classes.

Working with pupils who have varying degrees of background
knowledge, levels of dedication, and preferred methods of learning
makes it difficult for teachers to hone their problem-solving abilities
[R10]. Additionally, it is quite challenging to attend to cognitive
demands and individual challenges in big groups [R10]. The
availability of staff is critical since mentors and tutors may enhance the
quantity of activities and evaluations. (R03, [R32], [R44]). Engaging
pupils with extrinsic motivators also requires preparation and
additional work [R03]. Six articles mention the fact that students vary
in terms of their knowledge, motivation, dedication, and pace of
learning: "Emphasising the development of problem-solving skills and
accommodating the wide range of cognitive needs, learning styles,
difficulties, and motivations among a diverse group of students is a
formidable challenge.” Consequently, it is challenging for the educator
to use a strategy that is appropriate for each and every student (R10, p.
01). In their pursuit of inclusivity, educators often construct lessons
and assignments for the "typical student," a demographic that may not
really exist inside the classroom. In order to meet individual
requirements and obstacles, personalised help and advice are essential
in improving this situation. [CO09, page one].
The impact of staff resource limits on instruction is discussed in five
publications: Limited staff resources and university control
mechanisms were among the contextual difficulties addressed by the
general problems (...). In the long term, a course revision should strive
to optimise the demands and uses of resources, not the other way
around. Adding more student assignments and changing the course
needed more resources. (R03, page 23). Teaching would be more fluid
with more individuals participating, including tutors and mentors,
according to most instructors. This would lead to better classroom
dynamics and less gaps in students' learning cycles. (R03, [R32],
[R44]).

4) Feedback and Communication Between Instructors and Students:
The feedback process and student-teacher contact can provide
challenges (16 times): "Effective educational theory for
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teachingprogrammingshouldfocusonstudents learning,andeffective
communication between teacher and student. Thiscould be achieved
by clearly stating goals and keep the stu-dents motivated” [R14, p.
104]. The way of evaluating
andprovidingfeedbacktostudentscanbeadeterminingfactorin their
demotivation [R09]-[R12], [R14], [R29], particularlyfor women
[R71]. However, giving quality feedback is
notsimple: “Givefeedback,notonlyjudgment.Assessmentcanbeclassifie
dintotwocategories:formativeandsummative.In formative assessment
we can get the feedback of the cur-rent teaching and learning
condition and use the feedback toimprove them. On the other hand,
the summative intention issolely to form a judgment” [R24, p. 499].
Besides its inherentcomplexity, the feedback process is also affected
by lack oftime,quantityofstudentsorformatofcourses.

Moregenerallyspeaking,therearetworeasonsthatteacher-
studentcommunicationseemstofail:toomanystudentsinoneclass [R10];
and students’ resistance to discussing their errorsin exercises due to
lack of rapport [R24]. There is a clear rela-tionship between the
communication and feedback
challenges,andthecategoryofscaleproblems.

2) Choice of Programming Language:The most
specificintroductory programming challenge is choosing the first pro-
gramming language to be taught to students. Several program-ming
languages can be used for introductory programmingcourses, as
discussed by [R21, p. 02]: “The available pro-
gramminglanguagesarenumerousandselectingtheonethatwillbeusedis
amulti-
criteriadecision”. Thischoicehasadirectimpactonthedevelopmentofno
vices’pro-grammingskills[R48]andcanbekeyinfacilitatingtheteaching
process [R0O5] and shaping programming style andcoding technique
[R15]. Reference [R47] discusses the
choicebetweencommercialandacademiclanguages: “Theteacheris
exposed to risks when teaching programming courses fornovices in
which the emphasis is on the programming lan-guage. One of the
risks is that the novices focus their attentionon syntax issues and not
on the computational semantic
powerofthelanguage,whichattheendofthedayiswhatmakesit  possible
to build solutions using computer programs. Thisapproach prevents
novices from understanding that the mainrole of a programming
language is to serve as a means
toexpresscomputationalsolutionsproposedinthetrainingexer-cises.
Moreover, choosing a standard de facto language
theindustryofferstheadvantageoftrainingthestudenttodevelopskills
that the market is looking for. However, it can also gen-erate a bias
of the concept of the student regarding the futilityof learning other
languages and, besides, it can reduce theenvironment in which
students develop the ability to learn tolearn”’[R47,p.02].

3) Curriculum and Instructional Sequences:[R03] high-
lightstheideathattheintroductoryprogrammingcourseshould build
more explicitly upon skills acquired in previouscourses. “At the

in

curriculum level, departments should
developexplicitcoursesequencesthatbuildupontheskillsacquiredinothe
rcoursestoincreasethestudentintrinsicmotivationto  complete  the
courses as planned. The departments

shouldalsotracktheperformanceoftheircoursestobeabletoactonproble
msearly,sincerehabilitatingacourseisalengthy
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process. (...) In general, a competent instructor may be able todeliver
a successful course without all the proposed
systemicfirameworks "[R03,p.23].

There also seems little research on instructional sequencesfor
teaching programming for novices in higher education, aspointed out
by [R51]: “(..) nostudy has directly comparedthe effectiveness and
efficiency of the instructional sequencesused in presenting
programming material to novices. Is it bet-ter to begin with a
strategic overview, to start with syntaxdetails and work upward, or to
work through entire program-ming concepts one at a time? Knowing
the effect of sequenceon instructional effectiveness can help
instructional designersavoid sequences that make learning
unnecessarily difficult inanalreadydifficultdomain "[R51,p.292].

V1.

Some issues for inclusion in the research roadmap on teach-
ingandlearningintroductoryprogramminghaveemergedfromthisreview

GENERALDISCUSSION

A. Better Understanding and Characterization

ofProblem-SolvinginProgramming

Problem solving is a crucial concept in introductory pro-
gramming. Some authors in this review [R09], [R15],
[R41],[R48],[R49]considerthattheprimaryaimofanintroduc-tory
programming course is to develop problem-solving skillsthrough
algorithmic ~ thinking and basic concepts of program-
ming,ratherthantoteachthesyntacticparticu laritiesofaspecificprogram
minglanguage.Positivestudentpercep-tions have been reported from
approaches aligned with thisperspective [20]. Computer Science
Curricula 2013 [21] rec-
ommendsthatintroductoryprogrammingcoursesshouldavoidconveying
the idea to students that computer science is mainlyabout learning the
specifics of a programming language, andinstead emphasize general
concepts in computing within thecontextoflearninghowtoprogram.

Although problem solving appears in several articles,
itsdefinitions are generic, lacking, or inconsistent across authors.The
reasons for students’ limitations in problem solving arenot detailed:
is it because they do not understand the statementof the problem, do
not know the strategy to solve it, or do notknow a step-by-step plan
to implement the strategy? How isproblem-
solvingrelatedtoalgorithmicthinking,computationalthinking,orabstract
ion?Isproblem-solvingamonolithicissue, or does it encompass various
sub-problems? And if sohow are they related? Some current
definitions of computa-tional thinking [15] may help. Deeper
investigations should becarried out to understand what problem-
solving really meansinprogramming.

B. ImprovingBackground Knowledge

Students’inadequatebackgroundknowledge(mainlyofmathematics
and English) is cited by introductory program-ming teachers as a
challenge, but how can they “solve” thisproblem within the
timeframe of an introductory program-
mingcourse?Effortstoteachprogrammingtochildrenand
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teenagersatschool [2]areexpectedtoimprovethissitua-tion for the
future generations of programming students,
butthisisnotcertain.Methodsandmetricsshouldbeestab-lished to
evaluate the efficacy of this approach. In a broaderperspective, it
could be desirable to foster a productive andsystematic exchange of
information between school and uni-versity teachers, with the
involvement of policymakers whodefine curricula at all levels. This
would help bridge gaps instudents’ competencies between school and
university. Suchinteractionshouldbeencouraged.
C. Better Specific Tools and Methods for
ProblemFormulationandSolutionExpression

Someteachershelievethatlearningtoproperlyformulatea ~ problem
and express its solution in a specific programminglanguage, in the
timeframe of an introductory programmingcourse, is a great
cognitive load for students. The idea ofseparating problem
formulation strategies and solution expres-sion into two different
courses is gaining ground, but thisassumes that problem framing and
expression is one of theroots of the learning problems in introductory
programming.Moreempiricalevidenceisneeded.

Moremethodsandtoolsarealsoneededifthesetwophases are to be
developed separately. Nowadays, block-
basedprogrammingenvironmentsforbeginnershelpdevelopingcomputa
tional thinking, and are not tied to a professional pro-gramming
language as taught in university courses.
However, thevastmajorityofthesearedesignedforchildren(e.g.,Scratch,
Alice, and others from code.org). Although they havebeen shown to
help [2], [R61], most are too childish to
betransferabletotheuniversitylevel. Buildingsimilartoolshighereducati
onshouldbeconsidered.

D. ImprovingMotivation

Motivation appears is a significant concern for teachers,with high
impact on the other learning problems.
Approachesareneededtohelpteachersmaintainstudentmotivation.

Many papers discuss motivation, but only one examines
thereasons for students’ demotivation [RO7]. A more in-
depthunderstanding of this phenomenon seems necessary.
Severalpromising teaching methods (such as gamification, problem-
based learning, or unplugged computing) are available,
butthesearestillnotcommonlyadoptedinhighereducation.The  barriers
to adoption could be teaching culture, insufficientknowledge of the
methods, the work required to put them
intopractice,orotherunknowns.

E. MoreEmpiricalBasisandStandards

Thelastpointconcernsthebasisuponwhichthepapersana-lyzed
deliver their conclusions. Several authors make claimsmainly based
on observations made by teachers in their
dailyclassroomwork.Althoughtheimportanceoftheseobser-vations
cannot be denied, empirical data from more
formalexperimentalprojectswouldbewelcome.Whenempiricalresults
exist, they are not comparable because the experimen-tal protocol,
the number and profile of participants, and
eventhegoalsaretooheterogeneous.
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Therefore the creation of experimental standards for
tasks,participant profiles and number, expected results, and evalua-
tion criteria  should be encouraged. Benchmarks for
evaluatingmethods and tools for introductory programming would
beverywelcome.

VII.

gpaperspublishedbefore2010[1],[8]-[10]
aresurveysratherthansystematicliteraturereviews. Theydo not follow a
rigid protocol in presenting results, o)
thesecannotbequantitativelycomparedwiththeresultsofthisreview.
Nevertheless it is possible to qualitatively comparesome issues from
the 1990s or 2000s. Remarkably, the solu-tion expression problems
(language syntax, control
structures,anddatastructures)highlightedintheearlierstudiesarestill
relevant, but are now of similar importance to problemformulation.

Severaltopicslistedasnovices’difficultiesbyRobinsetal.intheirrevie
wfrom2003[9]werealsoidentifiedinthe present review, including:
problem solving (strategies andskills); solution expression
(abstraction, use of data structureslike variables and arrays, use of
control structures like
loops,conditionalstatements,andrecursions);andsolutionexecution(tra
cing/tracking code, dedicating time to planning and test-ing; and
debugging). This 2003 review did not discuss issuesof choosing a
programming language and learning syntax, orthe importance of
students’ mathematical background, algo-rithmic and logical
reasoning—all of which were identified inthepresentreview.

Topics involving methods and tools for teaching and learn-
ingintroductoryprogrammingwereasignificantconcernin 2003, and, as
discussed in the present review, still
are.Robinsetal.[9]discussedtheimportanceoffosteringlearningof core
principles of programming, focusing on student learn-
ingratherthaninstructorteaching, linkedtomethodssuchas learning-by-
doing, problem solving-based methods, peerand collaborative work,
and lab-based learning (all of
whichshouldbecombinedwithappropriateassessmentandfeedbackgive
n through effective student-teacher communication). Theauthors also
discussed tools for teaching programming; cur-riculum and
instructional sequences, but did not discuss scaleproblems.

From the 2014 review [11, p. 25] focused on evaluatingmethods
for teaching introductory programming: “What maybe missing
however, are the reports on interventions that didnot yield an
improvement. Thus, educators that have tried anintervention but
received poor results should also be encour-aged and supported in
reporting the results to create a morestablepictureofihefield”.

Robinsetal.[9]discusstheimportanceofengagementand indicate
motivation and confidence as potential factors forbetter
understanding effective and ineffective novice learners. This confirms
the finding of the present review of the growinginterest in student
engagement and motivation in recent years.Further topics related to
the behavior of novice programminglearners discussed here, such as
time management and studyskills,werenotmentionedin[9].

CoMPARINGRESULTSWITHPREVIOUSSTUDIESStudiescoverin
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VIIlI. ConNcLusIOoN

A systematic literature review was performed on 100 papersto
move towards a better understanding of introductory pro-
grammingproblems.Withrespecttoprevioussystematicreviews,thisstud
yhasasmaincontributions:(i)coveringmorerecent papers; (i)
proposing novel research questions, includ-ing an original discussion
on previous skills and backgroundknowledge; (iii) stimulating
discussion of a categorization ofintroductory programming
challenges; (iv) suggesting poten-
tiallykeyissuesforaresearchroadmaponintroductoryprogramminglearn
ingandteaching.

For RQ1, on students’ backgroundknowledgeandskills,the most
frequently cited issues were problem-solving abil-ities and
mathematical knowledge. For RQ2, on challengesfaced by students
in introductory programming courses, themajor issues cited were
related to motivation and engagementproblem-solving, and the
syntax of programming languages.For RQ3, about the challenges
faced by faculty, the need
forappropriatemethodsandtoolsforteachingprogrammingattheintroduc
torylevelwerethemostcitedissue.

Thisreviewhasalsoshowntheneedto:(i)clarifytheconcept of
problem-solving in programming; (ii) foster thedialogue between the
communities of primary and higher edu-cation; (iii) create specific
tools for the problem
formulationstage;(iv)understandwhypromisingteachingmethodsareno
t frequently adopted in higher education; (v) stimulate
thecreationofexperimentalstandards.

In future work, the authors aim to pursue some of the
issuesraisedinSectionV1,deepeningtheinvestigationbasedona  better
understanding of problem-solving in
programming,followingrecentresultsonthecategorizationofcomputatio
nalthinking [14], [15]. Another stream of future research,
alreadyunderway,isananalysisofbarrierstosuccessfulmethodsin  basic
education on computational thinking being used inhigher education.
Finally, the authors intend to create a newsystematic review devoted
to the investigation of
empiricalmethods,tools,andtypeofdataemployedintheidenti-
ficationofproblemsinlearningandteachingintroductoryprogramming,a
swellasintheevaluationofsolutions.
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