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Abstract

Whether object-oriented (00) concepts should be taught before or after procedural programming has been debated
for more than two decades. This systematic review, reported according to PRISMA 2020, synthesises empirical
studies that compared objects-first with objects-later sequencing, together with studies of how learners move from
procedural to OO thinking. Forty documented search strings returned 376 hits; 117 unique records were screened and
16 studies (17 reports, 1997-2021) were included. Quality was appraised with the Mixed Methods Appraisal Tool,
and findings were combined through narrative synthesis. Of five direct comparisons, three favoured objects-first and
two found no difference in achievement; none favoured objects-later. Every positive result combined sequencing with
a visual environment or a small sample, so the effects of sequence and tool cannot be separated. Procedural
experience shaped 0O learning mainly through misleading analogies and simplified models of method dispatch,
while difficulties with classes and objects, references, associations and design persisted under every sequence. No
study evaluated an explicit bridge from C structures to classes for learners with prior structured-programming
experience. Sequence alone appears to be a weak lever; designs that connect procedural knowledge explicitly to 00
constructs warrant rigorous, multi-site evaluation.

1. Introduction

Object-oriented programming (OOP) has been the dominant paradigm in university programming curricula for more
than two decades, and it remains central to industrial practice. Yet OOP is widely reported to be difficult to teach and
to learn. Recent secondary studies rank “difficulty in understanding, teaching and implementing object-orientation”,
“difficulties related to understanding classes”, and “difficulty in understanding object-oriented relationships” as the
most serious problems in the field (Gutiérrez et al., 2022), and identify the complexity and abstraction of the material,
lecture time, and students’ background as recurring obstacles (Efan et al., 2023).

A long-standing and practical question within this literature concerns when OO concepts should be introduced. Under
an objects-first (or objects-early) approach, learners meet classes and objects at or near the start of their first
programming course, often supported by pedagogical environments such as BluedJ or Alice. Under an objects-later
approach, learners first acquire variables, control structures, functions, and (in C-family languages) structures, and
only then move to classes, typically around the middle of a semester or in a subsequent course. The question
became the subject of an intense debate within the computing education community in 2004, which was
subsequently staged as a formal debate (Astrachan et al., 2005) and analysed by an ITiCSE working group. That
analysis concluded that the discussion had relied mainly on personal experience rather than on research evidence,
and that the literature at the time neither showed that objects-first made learning harder nor that it made learning
simpler (Lister et al., 2006). Influential textbooks continue to take opposing positions, from objects-first designs built
around Blued to explicitly “back to basics” procedural-first designs (Reges, 2006).

The question is not purely historical. Many institutions, particularly in contexts where C is the first language, teach a
structured-programming course followed by a separate OOP course in C + + or Java. In such curricula the issue is no
longer whether learners should see objects before loops, but how a course should be sequenced for learners who
already hold a well-practised procedural mental model. Cognitive accounts suggest that such prior knowledge can
either support new learning, by providing schemas to which new concepts can be attached, or hinder it through
proactive interference (Underwood, 1957; Sweller, 1988; White & Sivitanides, 2005). Which of these effects
dominates, and under what instructional conditions, is an empirical question.
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Existing secondary studies of OOP education are broad in scope, covering problems, tools, games, and teaching
models (Efan et al., 2023; Gutiérrez et al., 2022), or cover introductory programming as a whole (Luxton-Reilly et al.,
2018). To our knowledge, no systematic review has focused specifically on the combined evidence on 00 sequencing
and on the transition from procedural to OO thinking. The present review addresses this gap. It asks four research
questions:

¢ RQ1. What is the empirical evidence on the effects of objects-first compared with objects-later sequencing on
learners’ achievement, retention, and attitudes?

¢ RQ2. What does the evidence show about how learners’ prior procedural knowledge affects learning OOP?

¢ RQ3. Which 00 conceptions remain difficult for learners irrespective of sequencing, and how might these relate
to sequencing choices?

* RQ4. What are the methodological characteristics and gaps of this body of evidence?

The review contributes (i) a transparent, reproducible synthesis of sixteen empirical studies spanning secondary,
undergraduate, graduate, and in-service teacher populations; (ii) a critical analysis of confounds, especially the co-
variation of sequencing with pedagogical tools; and (iii) a research agenda, including design features for future trials
of sequencing approaches aimed at learners with prior structured-programming experience.

2. Theoretical and Conceptual Background

2.1 Defining objects-first and objects-later

The labels “objects-first” and “objects-later” are used inconsistently. Some courses described as objects-first begin
with object use (calling methods on pre-built objects) and defer class definition; others begin with class design and
modelling; still others are objects-first chiefly because they use a visual microworld in which every entity is an object
(Xinogalos et al., 2006). Similarly, “objects-later” may mean a procedural first half of a single course, as in the
classroom comparison by Ehlert and Schulte (2009), or an entire procedural course followed by a separate 00
course. A further variant, outside-in teaching, starts from complete applications and works inward to their internal
structure (Janke et al., 2015). For this review, we use objects-first to denote any sequence in which classes and
objects are introduced, used, and practised before or alongside basic control structures, and objects-later for any
sequence in which a substantial block of procedural instruction precedes them.

2.2 Cognitive perspectives on paradigm transition

Three theoretical lenses are used in this review to interpret findings. First, cognitive load theory holds that working
memory is severely limited, and that instructional designs which introduce many interacting new elements at once
impose extraneous load that impedes schema construction (Sweller, 1988). A mid-semester introduction of classes,
access specifiers, constructors, and references in close succession is a plausible example. Second, interference
theory distinguishes proactive interference, in which earlier learning disrupts later learning, from retroactive
interference, in which later learning disrupts earlier learning (Underwood, 1957). White and Sivitanides (2005)
explicitly attribute the difficulty of moving from procedural to OO0 programming to proactive interference rather than to
intrinsic cognitive differences between the paradigms. Third, research on mental models and notional machines
emphasises that learners need an explicit model of program execution; where none is taught, they construct their
own, often from everyday analogies or from a previously learned paradigm (Sorva, 2013).

2.3 Prior reviews
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Robins et al. (2003) reviewed the broad literature on learning and teaching programming and noted that novices’
difficulties lie less in syntax than in planning and in combining constructs. Luxton-Reilly et al. (2018) systematically
mapped the introductory-programming literature and identified curriculum and paradigm choice as a long-running but
weakly evidenced topic. Within OOP specifically, Gutiérrez et al. (2022) conducted a tertiary review and ranked
problems and solutions using multi-criteria decision methods; notably, among the highest-ranked solutions was
introducing OOP “at an early point in the curriculum” while emphasising basic programming concepts. Efan et al.
(2023) reviewed 60 articles published between 2017 and 2021 and found that most recommendations concerned
learning media and learning models. None of these reviews isolated the empirical evidence on sequencing or on the
procedural-to-00 transition, which is the focus here.

3. Methodology
3.1 Protocol and reporting

The review followed the PRISMA 2020 statement (Page et al., 2021) and the guidelines for systematic reviews in
software engineering and computing by Kitchenham and Charters (2007). Because quantitative outcomes were too
heterogeneous for meta-analysis, synthesis followed the Synthesis Without Meta-analysis (SWiM) reporting guideline
(Campbell et al., 2020). The protocol was not registered in advance; this is acknowledged as a limitation (Section
5.3). The eligibility criteria, search strings, and screening decisions are reported in full (Table 1, Appendix A, and the
supplementary screening log) so that the review can be reproduced and updated.

3.2 Eligibility criteria

Eligibility criteria are summarised in Table 1. Studies were included if they reported primary empirical data
(quantitative, qualitative, or mixed) on human learners and addressed either (a) a comparison of 00 sequencing
approaches, or (b) the transition from procedural to 00 programming, the influence of procedural prior knowledge on
00 learning, or learners’ conceptions and difficulties with core 00 concepts (class, object, reference, inheritance,
polymorphism, association, 00 design). Position papers, panels, textbooks, experience reports without
systematically collected outcome data, tool descriptions without learner outcomes, and secondary studies were
excluded (secondary studies were used as background).
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Table 1

Eligibility criteria.
Criterion Inclusion Exclusion
Population  Learners of programming in secondary, tertiary, or Pre-school and primary learners; expert
professional/teacher-education settings professionals studied for comprehension
only
Focus 00 sequencing (objects-first/early vs. objects- Language comparisons not involving
later/procedural-first; outside-in); procedural-to-O0 paradigm or sequence; general
transition; conceptions and difficulties with core 00  programming difficulties not specific to 00
concepts
Study type Primary empirical study (quantitative, qualitative, or Position papers, panels, textbooks,
mixed methods) experience reports without systematic
data, tool descriptions without learner
outcomes, secondary studies
Outcomes Achievement, comprehension, misconceptions, None reported, or outcomes unrelated to
design quality, retention/progression, attitudes or 00 learning
affect
Publication  Peer-reviewed journal article, conference or Non-scholarly web pages; reports not
workshop paper, or doctoral thesis; English or retrievable for full assessment
German
Period Any date up to 1 October 2026 -

3.3 Information sources and search strategy

Searches were executed on 1 October 2026 through a general-purpose academic web search engine that indexes,
among others, the ACM Digital Library, IEEE Xplore, ScienceDirect, SpringerLink, Taylor & Francis, SAGE, ERIC,

Semantic Scholar, ResearchGate, arXiv, and institutional repositories. Forty search strings were used (Appendix A).
They combined paradigm terms (“objects-first”, “objects early”, “objects-later”, “procedural”, “imperative-first”,
“outside-in”), learning terms (“misconceptions”, “difficulties”, “conceptions”, “comprehension”, “transition”), concept
terms (“class”, “object”, “inheritance”, “polymorphism”, “this”), and context terms (“CS1”, “introductory”, “BlueJ”,
“Alice”, “C++", “Java”, “Python”). Some strings were designed to locate studies already known to be relevant or cited in
retrieved reports (backward citation tracking), for example studies referenced in the working-group report by Lister et
al. (2006). Publisher landing pages, institutional repositories, ERIC records, and author-hosted PDFs were then used

to retrieve reports and verify bibliographic details.

3.4 Selection process

All hits were first de-duplicated at the level of the scholarly work (for example, an ACM record, a ResearchGate copy,
and a Semantic Scholar entry of the same paper were counted once), and non-scholarly pages (retail listings,
document-sharing sites, forums, encyclopaedia entries, slide decks, and course pages) were removed. Remaining
records were screened on title and available abstract against Table 1. Reports passing this stage were sought in full;
when full text was not accessible, the publisher abstract and indexing record were used if they contained sufficient
design and outcome information, otherwise the report was classified as “not retrieved”. Screening was conducted by
a single reviewer with Al-assisted support (see the declaration at the end of the paper); all inclusion decisions were
checked against the retrieved text.

3.5 Data collection

For each included study we extracted: citation; country and setting; population and sample size; programming
language and environment; study design; sequencing condition or focus; outcome measures; and principal findings,
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including statistics where reported. Where a study was reported in more than one publication (Ehlert & Schulte, 2007,
2009), data were extracted from all reports and attributed to one study.

3.6 Quality appraisal

Methodological quality was appraised with the Mixed Methods Appraisal Tool (MMAT), version 2018 (Hong et al.,
2018), which provides five design-specific criteria for qualitative, quantitative randomised, quantitative non-
randomised, quantitative descriptive, and mixed-methods studies. Each criterion was rated “yes”, “no”, or “can’t tell”.
Consistent with MMAT guidance, no overall numeric score was used to exclude studies; instead, the number of
criteria met and the principal concern are reported for each study (Table 3) and are taken into account in the

synthesis.

3.7 Synthesis methods

Because designs, populations, and outcome measures were heterogeneous and most studies did not report the
statistics needed to compute standardised effect sizes, meta-analysis was not appropriate. For RQ1, studies were
grouped by comparison type and summarised by direction of effect (favours objects-first, no clear difference, favours
objects-later), a vote-counting approach recommended by SWiM when effect sizes cannot be pooled (Campbell et al.,
2020). For RQ2 and RQ3, findings were synthesised thematically: reported difficulties and explanations were coded,
grouped into clusters, and compared across populations and sequencing contexts. For RQ4, study characteristics
and MMAT ratings were tabulated and gaps identified.

4. Results
4.1 Study selection

The selection process is summarised in Fig. 1. The 40 search strings returned 376 hits. After removing 259
duplicates and non-scholarly pages, 117 unique scholarly records were screened on title and abstract, of which 62
were excluded, most commonly because they were off-topic (for example, language comparisons not involving
paradigm or sequence), non-empirical (textbooks, panels, position and experience papers), or concerned with tools
without learner outcomes. Of the 55 reports sought in full, 29 could not be retrieved in a form sufficient for
assessment (for example, because of access restrictions on publisher and repository pages); these are listed in the
supplementary screening log. Of the 26 reports assessed for eligibility, 9 were excluded: five reported no primary
learner data (a curriculum-material analysis, a position paper, an analysis of practitioner discourse, a commentary on
CS1 content approaches, and a debate panel), two were tool evaluations without sequencing or transition outcomes,
and two were secondary studies. Sixteen studies, reported in seventeen publications, were included.

4.2 Characteristics of included studies

Table 2 summarises the included studies. They were published between 1997 and 2021 and were conducted in the
United States (n = 6), Israel (n = 3), Germany (n = 2), Canada (n = 1), Greece (n = 1), Norway (n = 1), and the United
Kingdom (n = 1); the setting of one study was not stated in the accessible report. Populations included secondary-
school students (n = 2 studies, plus one study combining secondary and college students), undergraduates (n = 10),
graduate students (n = 1), in-service teachers (n = 1), and professional programmers (n = 1). Java was the dominant
language (n = 10); C ++ was used in two studies and Alice in two. Five studies directly compared sequencing
approaches (RQ1); six examined the procedural-to-00 transition or compared comprehension across paradigms
(RQ2); and five characterised 00 conceptions and difficulties within OO-focused courses (RQ3), several of which were
objects-first.
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Table 2

Characteristics of included studies (k= 16).

Study

Ehlert &
Schulte
(2007, 2009)

Uysal (2012)

Janke, Brune
& Wagner
(2015

Moskal,
Lurie &
Cooper
(2004)

Sykes (2007)

Nelson, Irwin
& Monarchi
(1997)

Setting;
population (n) / tool
Germany; two Java
parallel grade-

11 classes,

vocational

upper-

secondary

school (= 40)

Java /
BlueJ

USA; graduate
students in an
introductory
OOP course
(20)

Germany; three Java
university

courses (exam
participants:

449,12, 144)

USA,; first-year Alice
CS majors “at

risk” (treatment

25; at-risk

control 30; non-

at-risk control

52)

Canada; CS1
students

Alice

USA;
programmers
from novice to
experienced

Various

Language

Design

Quasi-experiment,
one school year;
pre-, post- and 8-
week follow-up
tests

Quasi-experiment,
13 weeks;
pre/post
achievement test

Comparative case
study; surveys,
exams, interviews

Quasi-experiment;
grades, retention,
attitudes, focus
groups

Comparative
study;
performance
scores, surveys,
observation

Qualitative
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Focus

OOP-first

vs. OOP-later,
same content,
different order

Objects-first
(visual)

vs. objects-late
(text-based
start)

Outside-in
vs. traditional

Objects-first
preparatory
course with
Alice vs. none

Alice-based
(objects-first
visual) CST1

VS. comparison
groups

Learning OO
after procedural
experience

Principal
findings

No overall
difference in
learning
outcomes; post-
test differences
favoured OOP-
first only for
arrays/strings
and
associations; no
difference at
follow-up; =94%
retention in both
groups

Higher
achievement for
objects-first
(Mann—-Whitney
z=-229,p=
.022)

No significant
difference in
learning
outcomes;
outside-in
students
reported less
exam anxiety,
quicker grasp of
the 00
paradigm, and
clearer course
structure

Treatment
outperformed
at-risk controls
in CS1 grade
(3.03vs. 1.94)
and retention to
CS2 (88%

vs. 47%);
improved
attitudes

Alice group
outperformed
comparison
groups (F(1, 93)
=30.32,p<
.001; F(1,81) =
4.18,p =.044)

Five learner
categories
followed
different paths,
met different
obstacles, and



10

11

Study

White &
Sivitanides
(2005)

Liberman,
Beeri & Ben-
David
Kolikant
(2011)

Wiedenbeck,
Ramalingam,
Sarasamma
& Corritore
(1999)

Ramalingam
&
Wiedenbeck
(1997)

Kaasbgll et
al. (2004)

Setting; Language
population (n) / tool
USA; Java
information-

systems majors

(36)

Israel; in-service  Java

CS teachers

with procedural

backgrounds

(22)

USA; novices in 00 and
OOor procedural
procedural languages
courses as taught
USA; novices in C++

an introductory

C + + course

(75)

Norway; Java
university

introductory

Java students

Design

Correlational

Qualitative/mixed;

observation,
questionnaire

Two experiments

Within-subject
experiment

Qualitative

observation (= 28
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Focus

Cognitive
predictors of
00

vs. procedural
performance

Inheritance and
polymorphism
after procedural
experience

Comprehension
of 00

vs. procedural
programs

Comprehension
of imperative
vs. 00 style

00 learning
after procedural
basics

Principal
findings

used different
strategies

Propositional
logic predicted
00
performance;
hemispheric
style did not;
transition
difficulty
attributed to
proactive
interference

= 60 errors and
misconceptions
in four clusters:
simplistic
models,
analogies
(everyday and
procedural),
hierarchy
modelling,
unresolved
basic 00
concepts

Short programs:
no overall
difference, 00
learners better
on function
questions; long
programs:
procedural
learners better
on all question
types

00 programs
yielded stronger
domain-level
(data flow,
function)
knowledge but
higher overall
error rates
(23.6%

vs. 13.1%)

Most students
coped
reasonably well
with 00
concepts; one
displayed a
purely
procedural
model; students
modelled
domains
implicitly rather



# Study

12 Ragonis &
Ben-Ari
(2005)

13 Sanders &
Thomas
(2007)

14  Thomasson,
Ratcliffe &
Thomas
(2006)

15 Xinogalos
(2015)

16  Shmallo &
Ragonis
(2021)

Setting;
population (n)

Israel; high-
school
students, two
years

Setting not
stated; students
in an objects-
first course (16
students; 71
programs)

UK; first-year
students (180;
67;90)

Greece;
undergraduates,
long-term study

Israel; high-
school (86) and
college
engineering
students (77)

Language
/ tool

Java/
BlueJ

Java

UML-style
design on
paper

Java

Java

Design

Qualitative,
longitudinal

Qualitative
analysis of
programs

Descriptive, three
phases

Mixed methods

Diagnostic
guestionnaire

Focus

Conceptions in
an objects-first
course

00 concepts
and
misconceptions

Novice OO
design errors

Conceptions of
object and
class

Understanding
of the this
reference

Principal
findings

than through
explicit analysis

58 conceptions
and difficulties
in four
categories
(class

vs. object;
instantiation
and
constructors;
simple

vs. composed
classes;
program flow);
fundamentals
eventually
grasped

Class/instance
conflation,
hierarchy and
abstraction
problems,
modelling
failures,
problems
linking objects;
few constructor
or
encapsulation
problems

Non-referenced
classes in 97%
of phase-1
designs;
misplaced
attributes
common;
references to
non-existent
classes in 28%

Roughly half of
students
comprehended
the modelling
and
static/dynamic
aspects of
objects and
classes

Nine
misconceptions;
both groups
struggled to
conceptualise
this as the
current object

4.3 Methodological quality
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MMAT appraisals are reported in Table 3. Quality was moderate overall. The three qualitative studies of 00
conceptions (Liberman et al., 2011; Ragonis & Ben-Ari, 2005; Sanders & Thomas, 2007) and the descriptive studies
with larger samples (Shmallo & Ragonis, 2021; Thomasson et al., 2006) met most criteria. The weakest evidence
came from the sequencing comparisons, which were all non-randomised. Their main concerns were small or non-
equivalent groups (Uysal, 2012: n = 20; Ehlert & Schulte, 2009: two intact classes), confounding of sequence with
other differences such as tools or institutions (Janke et al., 2015; Moskal et al., 2004; Sykes, 2007; Uysal, 2012), and
incomplete reporting of measurement properties (for example, Moskal et al., 2004, noted reliability problems with
their content test). No study was randomised at the student level.
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Table 3

Quality appraisal with the Mixed Methods Appraisal Tool (MMAT, 2018).

Study MMAT category Criteriamet  Principal concern
(of 5)

Ehlert & Schulte Quantitative non- 3 Two intact classes (= 40 students);

(2007, 2009) randomised teacher/class effects cannot be separated

Uysal (2012) Quantitative non- 2 n =20, all male; visual vs. text interface

randomised confounded with sequence

Janke et al. (2015) Mixed methods 3 Different institutions and courses as comparison
groups; unequal sizes

Moskal et al. (2004) Mixed methods 3 Non-equivalent groups; small treatment group;
content-test reliability issues

Sykes (2007) Mixed methods 2 Comparison groups and integration of methods
insufficiently described in accessible report

Nelson et al. (1997) Qualitative 3 Professional population; limited reporting of
data-collection procedures in accessible report

White & Sivitanides Quantitative 3 n = 36; interference explanation inferred, not

(2005) descriptive tested

Liberman et al. (2011)  Qualitative 4 Specific population (in-service teachers); single
course

Wiedenbeck et Quantitative non- 4 Intact course groups; program-length

al. (1999) randomised manipulation limited to selected programs

Ramalingam & Quantitative non- 4 Short, fixed exposure times; single institution

Wiedenbeck (1997) randomised

Kaasbgll et al. (2004) Qualitative 3 Observations limited to groups whose
instructors consented; researcher dual role

Ragonis & Ben-Ari Qualitative 4 Single school context; transferability limited

(2005)

Sanders & Thomas Qualitative 4 Small sample (16 students)

(2007)

Thomasson et Quantitative 4 Single institution; paper-based design tasks

al. (2006) descriptive

Xinogalos (2015) Mixed methods 3 Details of sampling and integration not fully
reported in accessible record

Shmallo & Ragonis Quantitative 4 Convenience samples; diagnostic instrument

(2021) descriptive specific to this

Notﬁ. Ml\(/jIAT = Mixed Methods Appraisal Tool (Hong et al., 2018). Ratings are based on the accessible report for

each study.

4.4 RQ1: Effects of objects-first versus objects-later sequencing

Five studies compared sequences directly (Table 4). Using the direction-of-effect approach, three favoured objects-
first on their primary achievement or progression outcome (Moskal et al., 2004; Sykes, 2007; Uysal, 2012), two found
no overall difference (Ehlert & Schulte, 2009; Janke et al., 2015), and none favoured objects-later.
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Table 4
Direction of effect in direct sequencing comparisons.

Study Comparison Primary outcome  Direction Sequence
isolated from
tool?

Ehlert & OOP-first vs. OOP- Achievement No overall difference (two Yes

Schulte later (same content) (post, follow-up) topics favoured OOP-first at

(2009) post-test only)

Janke et Outside-in Exam No difference in Partly (different

al. (2015) vs. traditional achievement; achievement; affective institutions)

affect outcomes favoured outside-
in

Uysal (2012)  Objects-first Achievement Favours objects-first No (visual vs. text

vs. objects-late start)

Moskal et Alice objects-first CS1 grade; Favours objects-first No (Alice and

al. (2004) preparation vs. none retention extra course)

Sykes (2007)  Alice-based CS1 Performance Favours objects-first No (Alice

vs. comparison scores environment)

Two observations qualify this apparently favourable pattern. First, the only comparison that held content, duration,
and tooling constant and varied only the order of topics (Ehlert & Schulte, 2007, 2009) found that both sequences
produced comparable learning, with long-term retention of about 94% in each group. Its topic-level differences at
post-test (arrays/strings and associations, favouring OOP-first) disappeared at follow-up. Second, all three positive
findings confound sequence with a visual or microworld environment, and two of them with additional instruction
(Moskal et al., 2004) or a small, homogeneous sample (Uysal, 2012). The evidence is therefore consistent with the
view that objects-first sequencing is not harmful and may support progression and attitudes when combined with
supportive environments, but it does not establish that the sequence itself causes higher achievement. This
conclusion is in line with the results of studies we could not retrieve in full but which are described in secondary
sources as finding no significant difference between procedural and 00 CS1 cohorts (Vilner et al., 2007; see also the
studies summarised by Lister et al., 2006).

Affective and progression outcomes deserve emphasis. Janke et al. (2015) found no achievement difference but
reported reduced exam anxiety, a quicker grasp of the OO paradigm, and a clearer perceived course structure under
outside-in teaching. Moskal et al. (2004) reported large differences in retention to CS2 among at-risk students (88%
vs. 47%). For curriculum designers, such outcomes may be as important as achievement scores.

4.5 RQ2: Prior procedural knowledge and the transition to OOP
Six studies addressed how procedural experience bears on 0O learning, and their findings converge on three points.

Prior knowledge is not uniformly a barrier. Kaasbgll et al. (2004) observed university students who had learned
procedural basics first and found that most coped “reasonably well” with OO concepts, with only one displaying a
purely input—processing—output model. Nelson et al. (1997) found that programmers moving to 00 followed several
distinct learning paths, meeting different obstacles and adopting different strategies, which suggests that a single
transition model does not fit all learners.

Where procedural knowledge interferes, it does so through analogies and simplified execution models. In the most

detailed transition study, Liberman et al. (2011) identified around sixty errors and misconceptions about inheritance

and polymorphism among 22 experienced teachers with Pascal, C, or BASIC backgrounds. Two of their four clusters
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link directly to prior knowledge: analogies to everyday life and to procedural programming that misrepresent
inheritance mechanics, and simplistic alternative models, such as believing that the declared type of a variable rather
than the run-time type of the object determines which method is invoked. White and Sivitanides (2005) found that
formal reasoning (propositional logic) predicted OO0 performance and argued, without directly testing it, that
difficulties in the transition reflect proactive interference from earlier procedural learning.

The paradigms foreground different kinds of knowledge. Two comprehension experiments showed that novices form
different mental representations of OO0 and procedural code. 00 programs supported domain-level knowledge
(function and data flow) but produced higher overall error rates, while imperative programs supported program-level
knowledge of operations and control flow (Ramalingam & Wiedenbeck, 1997). For longer programs, learners taught
procedurally outperformed OO learners on all question types (Wiedenbeck et al., 1999), consistent with a steeper
initial learning curve for 00 and the cognitive demands of following control flow distributed across classes.

4.6 RQ3: Persistent 00 conceptual difficulties

Five studies (and the transition studies above) documented OO difficulties in detail. Across populations, languages,
and sequences, the difficulties grouped into five recurring clusters (Table 5).

Table 5
Clusters of persistent OO difficulties across included studies.
Cluster Typical manifestations Supporting studies
Class—object Conflating class and instance; treating a class as Ragonis & Ben-Ari (2005); Sanders &
distinction a set of objects; confusion about instantiation and  Thomas (2007); Xinogalos (2015)
constructors
References and Misconceptions about object references and this Shmallo & Ragonis (2021); Ragonis &
the current object as the current object, particularly in constructors Ben-Ari (2005
and parameter passing
Dynamic dispatch Static-type view of method selection; misuse or Liberman et al. (2011); Sanders &
and hierarchies avoidance of inheritance; confusing inheritance Thomas (2007)
with composition
Relationships and Classes created but not connected (non- Thomasson et al. (2006); Sanders &
associations referenced classes); difficulty linking objects; Thomas (2007); Ehlert & Schulte
associations rated among the hardest topics (2007)
Modelling and Copying example structures without domain Sanders & Thomas (2007); Kaasbgll
program flow understanding; implicit rather than explicit et al. (2004); Ragonis & Ben-Ari
modelling; difficulty following flow across objects  (2005); Wiedenbeck et al. (1999)

Three features of this evidence are relevant to sequencing. First, several of these difficulties were documented in
objects-first courses (Ragonis & Ben-Ari, 2005; Sanders & Thomas, 2007), so early exposure alone does not prevent
them. Second, Sanders and Thomas (2007) found relatively few problems with constructors and encapsulation,
concepts that objects-first courses practise from the start, whereas difficulties concentrated on relationships,
hierarchies, and modelling. Third, associations emerged as a hard topic in both a design study (Thomasson et al.,
2006) and the sequencing comparison (Ehlert & Schulte, 2007), suggesting that the relational aspects of 00 design
require sustained, explicit instruction whichever sequence is used.

4.7 RQ4: Methodological characteristics and gaps

The evidence base is small, heterogeneous, and dated: 11 of the 16 studies were published before 2010, and only one
study published after 2015 met the inclusion criteria. Direct sequencing comparisons were non-randomised, typically
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single-site, and often confounded sequence with tooling. Outcome measures were mostly locally developed
achievement tests; no study used a validated, language-independent OO concept inventory, and only one included a
delayed follow-up (Ehlert & Schulte, 2007). Affective and progression outcomes were measured in only two
comparative studies.

Most importantly for curricula in which C precedes an OO course, no included study evaluated a sequencing approach
designed for learners who already know structured programming, such as an explicit bridge from C structures to
classes followed by teaching control flow inside methods. The transition studies examined learners after a
procedural phase but did not manipulate how the transition was taught. Populations from Africa, South and South-
East Asia, and Latin America were absent from the included studies.

5. Discussion

5.1 Principal findings

This review set out to consolidate the empirical evidence on OO sequencing and on the transition from procedural to
00 thinking. Four principal findings emerge. First, direct comparisons do not show that objects-later sequencing
produces better learning; three of five favoured objects-first and two found no difference. Second, the positive
findings for objects-first are confounded with visual environments and other supports, and the single design that
isolated sequence found equivalent outcomes. Sequence alone therefore appears to be a weak lever on achievement,
although it may matter for affect and progression. Third, procedural prior knowledge shapes 0O learning in specific,
identifiable ways: through analogies and simplified execution models that mislead learners about dynamic dispatch
and hierarchies, and through a preference for program-level rather than domain-level representations. Fourth, a core
set of 00 difficulties (class—object distinctions, references, dynamic dispatch, associations, and modelling) persists
across sequences and populations.

5.2 Interpretation through cognitive theory

The pattern is consistent with the theoretical lenses introduced in Section 2.2. If difficulties arise mainly from the
intrinsic complexity of 00 concepts and from extraneous load created by how they are presented (Sweller, 1988), then
changing only the order of topics should have limited effect, which is what Ehlert and Schulte (2009) found.
Conversely, interventions that reduce extraneous load, such as visual environments that make objects and their state
visible, would be expected to help, which may explain the positive effects associated with Alice and BlueJ (Moskal et
al., 2004; Sykes, 2007; Uysal, 2012).

The transition findings suggest a more nuanced account of prior knowledge than a simple “interference” view.
Procedural knowledge did not prevent most learners from acquiring 00 concepts (Kaasbgll et al., 2004), but it
supplied analogies and default models that, when left unaddressed, produced systematic misconceptions (Liberman
et al,, 2011). This is consistent with notional-machine research, which argues that learners construct their own
execution models when no explicit model is taught (Sorva, 2013). The implication is that prior procedural knowledge
is a resource whose effect depends on whether instruction connects it explicitly and accurately to OO constructs. A
struct-based schema, for example, is a reasonable anchor for the idea that an object groups data, but it can mislead
learners about method dispatch and object identity unless those differences are taught explicitly.

5.3 Limitations

Several limitations must be acknowledged. Most importantly, the search was conducted through a general academic
web search engine rather than directly in bibliographic databases such as Scopus, Web of Science, ERIC, the ACM
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Digital Library, and IEEE Xplore; search-engine results are not fully reproducible, and relevant studies may have been
missed. Second, 29 potentially relevant reports could not be retrieved in full, partly because of access restrictions on
publisher and repository pages; some, such as the CS1 case study by Vilner et al. (2007), are likely to be relevant, and
their exclusion may have biased the synthesis. Third, for some included studies data were extracted from abstracts,
publisher records, or accessible summaries rather than full text, which limited extraction and appraisal (noted in
Table 3). Fourth, screening, extraction, and appraisal were performed by a single reviewer, supported by Al tools,
without independent double coding; inter-rater reliability could therefore not be estimated. Fifth, the protocol was not
pre-registered. Sixth, the small number and heterogeneity of studies precluded meta-analysis and limited the strength
of conclusions; vote counting ignores effect magnitude and precision. Finally, the author has developed a class-first
teaching approach for learners with prior C experience, which constitutes a potential intellectual conflict of interest
(see Declarations).

6. Implications for Research and Practice

6.1 Implications for practice

Bearing in mind the moderate quality and small size of the evidence base, the findings support several practical
recommendations.

1. Do not expect sequence alone to raise achievement. Moving classes earlier, without changing how they are
taught, is unlikely to transform outcomes. Investment is better directed at how concepts are presented and
practised.

2. Make objects and their state visible. The strongest positive results co-occurred with environments that visualise
objects. Lightweight equivalents, such as object diagrams, memory-tracing exercises, and interactive object
inspection, are available in any language.

3. Bridge from procedural knowledge explicitly, and mark the limits of the analogy. For learners who know C,
presenting a class as a structure that holds its own functions and protects its own data is a plausible bridge. The
transition evidence indicates, however, that the bridge must be complemented by explicit teaching of what does
not carry over, particularly object identity, references, and run-time dispatch.

4. Teach an explicit model of dynamic dispatch. Because static-type misconceptions are common even among
experienced programmers (Liberman et al., 2011), polymorphism should be taught with an explicit execution
model, for example a table of function pointers per class, which also connects to C learners’ knowledge of
function pointers.

5. Give relationships and modelling sustained attention. Associations, linking objects, and domain modelling were
difficult across studies and sequences; cumulative projects in which classes must collaborate may provide the
repeated, contextualised practice these topics require.

6. Measure affect and progression, not only achievement. Anxiety, perceived structure, and retention differed
between approaches even when achievement did not.

6.2 Implications for research

The gaps identified in RQ4 suggest a focused agenda. First, there is a need for randomised or well-matched multi-
site trials that vary sequence while holding tools, content, and instructors constant, or that cross sequence with tool
support in a factorial design so that their effects can be separated. Second, studies should evaluate sequencing
designs for learners with prior structured-programming experience, for example a struct-to-class bridge with control
flow taught inside methods, against a conventional mid-semester introduction, in curricula where C precedes C + + or
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Java. Third, outcome sets should include validated concept inventories, measures of design quality, delayed follow-
up, and affective and progression outcomes. Fourth, research should include under-represented regions, where C-
first curricula are common and where class sizes and resources may alter what works. Finally, reports should provide
the descriptive statistics needed for future meta-analysis.

7. Conclusion

After more than two decades of debate, the empirical evidence does not support the claim that objects-later
sequencing yields better learning than objects-first, nor does it show convincingly that the order of topics, on its own,
improves achievement. Positive effects of objects-first teaching co-occur with visual environments and supportive
course designs, and the only study that varied order alone found equivalent outcomes. What the evidence shows
more clearly is how learners struggle: with class—object distinctions, references, dynamic dispatch, relationships, and
modelling, and, for learners with procedural experience, with analogies and execution models carried over from that
experience. Curriculum designers should therefore focus less on whether objects come first and more on how 00
concepts are connected to learners’ prior knowledge and made visible. For the many institutions where C precedes
an 00 course, explicitly bridged, class-first designs are a promising but as yet untested option, and they warrant
rigorous, multi-site evaluation.
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