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Abstract 
The need for professionals who know the object-oriented paradigm (OO) is increasing in the area of 
software development. For beginners, knowledge can be acquired through graduation courses or even 
technical courses, and most studies seek to teach programmers at this stage of maturity. However, 
there are programmers who have accumulated experience in the procedural paradigm, which implies 
a transition from one paradigm to the other, with few studies that have them as a target audience. 

For several factors, this transition can become a costly task and result in learning that does not utilize 
the characteristics and power of the OO paradigm. In this transition, the programmer can opt for a 
hybrid programming style (also called procedural-object-oriented), which, in addition to not bringing 
the benefits of OO, can bring the disadvantages of both paradigms. 

In this sense, this article presents a review of the literature considering the period from 1953 to 2016 
regarding this transition, involving aspects associated with effective learning of the object-oriented 
paradigm, as well as obtaining information about the difficulties of this learning and identifying 
possibilities that can improvement.  

This research was rooted in several research bases and were carried out through keywords obtained 
from a conceptual map and guiding questions elaborated at the beginning of this research. Selected 
papers have been quantified, read and the most significant aspects are highlighted in this article.  

Among the results, it was possible to observe that there are: a) the evolutionary and revolutionary 
approaches, when thinking about the learning and understanding during this transition, being the 
evolutionary approach favorable to the teaching of the object oriented paradigm as an evolution of the 
procedural paradigm, and the revolutionary approach advocating an object-oriented paradigm of 
teaching that has little or no relation to the procedural paradigm; b) factors that may hinder learning 
and generate misunderstandings, among them the proactive interference, which can occur when a 
leaner intends to learn some concept with little or no connection with concepts already known by he or 
she; And c) some indications of techniques for learning the object-oriented paradigm, such as the use 
of so-called big problems, which involve a significant amount of classes to be solved, otherwise 
learners return to the procedural paradigm in their programs.  

Also, it was observed that for an effective learning, it is suggested first to teach the fundamentals of 
the object-oriented paradigm with the use of technological tools that show written objects graphically 
and, in parallel with this, to seek to break the proactive interference by the apprentice, and only work 
later with a purely object-oriented programming language. These graphical tools, as well as other 
materials available on the Internet, can be used as educational resources in the form of learning 
objects, guaranteeing their classification in appropriate repositories and facilitating their use by both 
the transition programmers and teachers, both of which can be used in the teaching of certain 
concepts and in the assembly of entire courses. 

Keywords: Effective Learning, Object Oriented Paradigm, Computer Professionals, Learning Objects, 
Technological Tools.  

1 INTRODUCTION 
Knowledge about the Object-Oriented Programming (OOP) paradigm is increasingly needed and 
required by companies that select software development and analysis professionals [1]. For this 
reason, in recent years there has been increasing interest on this paradigm [2]. 
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Beginners in the area of software development can acquire this knowledge in higher courses for 
Computer Technicians. However, the experienced programmers’ transition from procedural paradigm 
to OOP requires a great deal of cognitive effort [3, 4, 5, 6] partly because they understand the OO 
paradigm is an evolution of procedural. 

Some professionals, despite knowing these difficulties, started to learn this new paradigm. They were 
gradually incorporating the OOP into their programs, generating a "hybrid" programming model, where 
you can find either code written in the procedural paradigm or in the OOP [7]. Unfortunately, this style 
of programming has shown that, in addition to not bringing benefits offered by OOP, it brings with it 
disadvantages of both paradigms [8, 9]. These facts provide learning problems indicators of these 
professionals in this transition. Considering this situation, a literature review was carried out in the 
period from 1957 to 2016 involving the transition of professionals working with the procedural 
paradigm for OOP and the aspects related to the effectiveness of learning. 

This article has been organized into sections, as described below. Section 2 deals with the 
methodology and some results obtained during the research in the academic work bases. An overview 
of the procedural and Object Oriented (OO) paradigms, as well as comparisons between them is 
presented in section 3. Section 4 details learning difficulties encountered in this transition. Some 
learning techniques of the OO paradigm are presented in section 5. Finally, section 6 summarizes the 
results obtained, some conclusions and indications of future work. 

2 METHODOLOGY, BIBLIOGRAPHIC SEARCH AND RESULTS 
At the beginning of this work, considering the authors' knowledge on the subject, a conceptual map 
related to the focus theme "Transition of a Programmer working with the Procedural Paradigm for the 
Object Oriented Paradigm" was prepared aiming to organize the concepts about the focus theme, to 
map the relationship between them, to have an overview on the subject and to ease the identification 
of the keywords used during bibliographic searches. 

The concepts in the map were classified in order of relevance in relation to the focus. A set of guiding 
questions was elaborated too, based on doubts that may arise during the transition between the 
paradigms with the purpose of helping on the searches. 

From these questions and some concepts of the conceptual map used as keywords, such as: 
procedural object oriented; solid object oriented procedural; GRASP Larman object oriented 
procedural; Piaget object oriented; programming paradigms; Alan Kay Piaget; e difficulty procedural 
object oriented transition, research was carried out in several academic bases, for instance: Institute 
of Electrical and Electronics Engineers (IEEE), Association for Computing Machinery (ACM), Springer 
and Theses of São Paulo University (USP) considering the period from 1957 to 2016. The total 
number of papers found together with some new ones obtained through their references was 364. 
They were basis for the study of the associated theme to this research, but only the most significant 
were cited. In order to identify the most productive periods in relation to the theme, Figure 1 was 
elaborated containing a graph that illustrates these references over the years. It is observed the great 
majority of the works were published between 1997 and 2016, in addition to the peaks in 1997 and 
2013. Another interesting fact is the variation that occurred between 1997 and 2000 and between 
2001 and 2007 and 2008 and 2013, where it is possible to notice marked growths and falls in the 
quantity of publications. 

 
Figure 1. Amount of references per year 
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Considering the selected papers, a statistic analysis was performed that classified the references 
found according to the origin and it was identified that the great majority of articles were written by 
English speaking countries, such as the United States, United Kingdom and India. Besides the United 
Kingdom, another European country that also produced a significant amount of articles (compared to 
the other European countries) was Germany. Considering the continents, it was noticed a good 
research activity in the European and Asian continents, but American continent obtained better use of 
published articles. 

3 PROCEDURAL AND OBJECT ORIENTED PARADIGMS: DETAILS AND 
COMPARISON 

3.1 Current scenario and issues to solve 
At first, the procedural paradigm and OOP differ in the emphasis given to requirements. While the 
procedural paradigm emphasizes only verbs, the OOP focuses on the nouns and verbs of the 
requirement [10], an very vague approach, according by [11] and [4], since one must determine 
correctly which behaviour of the objects by means of the messages and their other characteristics. 
[12] points out that this technique is simplistic, and produces rough results, with a very large number of 
classes, many of them unnecessary for solving the problem computationally. This indicates the 
adoption of effective learning tools and / or techniques of the OO paradigm, both for beginners and 
experienced programmers, who still use the procedural paradigm as their main paradigm.  

3.2 Comparing paradigms 

3.2.1 Structured Comparisons 
Table 1 presents, in a summarized form, a comparison of the basic concepts of the procedural and 
OO paradigms. 

Analysing Table 1, it can be inferred that, as similarities between these paradigms, there are both a 
certain structure and there are not unconditional jumps. However, [14] also indicate the control 
structures initially found in the procedural paradigm as similar to those found in OOP. [15] teaches that 
the procedural paradigm has created two great concepts with respect to program structures: data and 
data processors, both totally apart. As the paradigms evolved, there was a need for both to be closer, 
culminating in the emergence of the OO paradigm. 

3.2.2 Teaching and Learning: Evolutionary and Revolutionary Approaches 
According to [16], the teaching and learning of these paradigms can be treated using an evolutionary 
or revolutionary approach. The evolutionary mode understands the OOP can be understood from the 
procedural paradigm, and purely OO concepts can be taught little by little. On the other hand, the 
revolutionary approach defines the OO paradigm as a concept in which few definitions of the previous 
paradigms can be used. 

From these approaches, and with the data of the structural comparisons, one can arrive at the same 
conclusion of [13] and [15], which means, the OOP is an evolution of the procedural paradigm, not a 
revolution. However, [15] recognizes that, although programmers have learned the new concepts, they 
are not able to make the transition between paradigms, because they continue to do a basic task: to 
persist in thinking about procedures and functional decomposition, not in objects. [13] also indicate 
use of a hybrid language (C ++ style) as a way to facilitate the transition between these paradigms, 
since it is possible to write both procedural programs and OO, although they recognize that some 
authors criticize this approach. 

There are also the authors considered as revolutionary, who understand that a radical change in the 
way of thinking for a better understanding of the OOP is necessary. 

For instance, Alan Kay, one of the creators of this paradigm, warned in [17] that understanding the 
OOP as an evolution of the procedural paradigm or even using tools that make the OO paradigm look 
like procedural may harm the programmer by not showing what is really powerful in the paradigm. [12] 
understands that paradigms are fundamentally different in the distribution of roles, because in OO, first 
class elements are objects, and functions are relegated to the servers of those objects. In the 
procedural paradigm, functions are considered first class elements. [18] considers that purely 
procedural languages have limited application, since this paradigm can, even though producing a 
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useful result, not capture much of the meaning of the domain of the problem, since practically no 
domain has concepts defined as steps of a procedure. 

Table 1.  Comparison involving features of procedural and object-oriented paradigms [13] 

Procedural Programming Object Oriented Programming 

Systems are modularized on the basis of functions. Systems are modularized on the basis of data 
structures (objects). 

In a program module, data and procedures are 
separate. 

In a program module, objects’ state (data types) and 
behaviour (operations) are encapsulated. 

Programmers are responsible for calling the active 
procedures to pass parameters. 

Active objects communicate with each other by 
passing messages to activate their operations. 

User must ensure that the procedure will work 
correctly on the data type it is applied to. 

The message passing ensures that an object’s 
internal state can be accessed only if permitted, as 

encapsulation prevents unauthorized access. 

The real world is represented by logical entities and 
control flow. 

Objects mimicking external entities represent real 
world more closely. 

Program modules are linked through the parameter-
passing mechanism and the operating system. 

Program modules are integrated parts of the overall 
program, since a program is a collection of interacting 

objects. 

Uses procedural abstraction. Uses class and object abstraction. 

Passive and dumb data structure used by active 
methods (operations). 

Active and intelligent data structure (object) 
encapsulates all passive procedures. 

Unit of structure: statement or expression. Unit of structure: object treated as a software 
component. 

Uses functional decomposition. Uses object-oriented decomposition. 

Uses procedure-oriented languages such as C or 
Pascal. 

Uses OO languages such as C++, Smalltalk-80, or 
Java. 

Finally, [19], [20] and [21], understand that interactive computing is more appropriate for most 
solutions, to the detriment of algorithmic computation. For [21], interactive computing approaches what 
the OOP teaches, since objects interact with each other and store states, and can even return to 
previous states, responding to messages as they would have answered before, and can respond to 
multiple concurrent requests, in a manner similar to agents. These agents can be both computers and 
humans [19]. Algorithm computation is executed from start to finish, without stopping and without the 
possibility of interruptions and interactions between computing units [21]. This way of thinking 
computing leads to systems that work in isolation and only produce a response to an issue [19]. 

Therefore, if we consider that the OOP is a revolution, it is natural that professionals who know only 
the procedural paradigm have learning difficulties [5]. 

4 TRANSITION BETWEEN PARADIGMS AND LEARNING 

4.1 Ancient Knowledge as a Difficulty Factor 
The learning of the procedural paradigm as the first paradigm can cause learning difficulties of the 
OOP. It’s necessary a long period for learning to it occur in a satisfactory way [22]. According to [23], 
the procedural mentality of the programmer is the main cause of these difficulties. According to them, 
in spite of the experience that programmers with a vast knowledge of software engineering and the 
domain of the problem may have, knowledge of the procedural paradigm may interfere with the 
understanding of modeling languages of the OOP, such as Unified Modeling Language (UML). The 
programmer ends up using the tools and techniques that already know, although inappropriate, 
creating a set of classes in which part of them will be composed only by attributes and methods that 
access or modify these attributes, without any additional behavior. The other part of the set will be 
composed of methods that access the attributes of the first classes mentioned, and perform 
operations with these data. This way of modeling is very similar to that used in the procedural 
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paradigm, and was called by [24] Anemic Domain Model (or anemic object model). According to [25], 
objects must have states and behaviors, and in the anemic object model the variables (where the 
state of the object is stored) and the methods (where the behavior is situated) are in different classes. 
Indeed, in this form of modeling, for a "complete object" to exist, two objects are needed. [26], in her 
studies, found these problems can reach even programming teachers, who can transmit erroneous 
knowledge to their students, concepts that can never be solved again [2]. 

Studies by [27], programmers who had no previous experience with the procedural paradigm were 
better at the tests performed than programmers who already had previous experiences with the 
procedural paradigm. 

4.2 Languages with Object Orientation Support 
Some programming languages (such as C ++, Java or C #) support source code written in procedural 
and OO paradigms in the same code [22, 28]. [3] found that this mixture of paradigms can be 
problematic, because the programmer may not realize when programming in one paradigm or 
another, and is even able to think that he/she is programming OO when in reality he/she is not. 

In studies carried out with undergraduate students, [28] have noticed it is possible to learn an object-
oriented language without actually understanding the OOP, or without using the "true OO" mentality. 
They also name problems in the languages used to learn the OOP, such as C # and Java, widely used 
to learn this paradigm in universities, but students focus more on the technical aspects of languages 
and their libraries than finding a good solution based on the OOP, and end up advocating the use of 
purely OO languages for learning, which indicates that an important tool for effective learning of 
object-oriented programming is a purely object-oriented language, thus preventing the use of 
procedural resources. 

4.3 Equality of Constructs and Concepts 
Given that both paradigms have common constructs [29], it is possible for a programmer wishing to 
make the transition that, from this similarity and, in a possible attempt to take advantage of what he 
already knows, will program in a language with OO support and understand that you are programming 
in an OO fashion. In this sense, the problem becomes similar to that cited by [30] and suggested by 
[23], in which methods are seen as functions and classes as method agglutinators. The programmer 
who wants to make the transition ends up writing procedural code, sometimes without realizing it. 

According to [31], literature is also confused as to the definitions of the concepts that together form the 
OOP. These authors organized the concepts into two groups: the "borrowed" from the procedural 
paradigm (as abstraction and attributes) and the new ones (such as classes or polymorphism). 
However, problems were found in this work: 

• authors, such as [32], argue encapsulation concept was created before the OOP, [15] argues 
this concept arose with the creation of SIMULA language; 

• other authors, such as [33] argues encapsulation is only a new term for information hiding 
concept, already known in the procedural paradigm; 

• the abstraction concept, despite having the same name and the same objectives, are applied 
differently in both paradigms. 

It is possible to note that the origin of the encapsulation concept can disrupt the understanding, since it 
is not possible to conclude whether this originates from the procedural paradigm or was created 
together with the OOP. Yet, [31] describe close or very similar concepts among paradigms (as 
abstraction) can be understood as "borrowed" from the procedural paradigm. 

5 LEARNING TECHNIQUES OF THE OBJECT ORIENTED PARADIGM 

5.1 The Mental Model of Programmer 
According [31] and [23], the teaching of the OO paradigm for novice and experienced programmers 
should be different due to what was called by [34] and [35] proactive interference. According [35], 
proactive interference consists in the forgetting of a recent memory due to the influence of an earlier 
memory. Like retroactive interference, it is an area of human psychology responsible for studying the 
motives cause people to forget certain subjects. 
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For [36], to all new knowledge, to be well assimilated by the learner, must be anchored on existing 
knowledge. It is therefore necessary to draw on previous learner knowledge (so-called subsumers) for 
the new learner to be taught. Previous knowledge is influenced by the interaction with the new 
knowledge, modifying the connections of the learner's neurons, making the learner assimilate the new 
learner. [37] observes that for this to occur, it is necessary for the learner to identify the concept that is 
being presented to him/her as similar to others he/she already knows. 

For [31], with regard to the transition to the OO paradigm, the learner can activate existing knowledge 
structures that may be inappropriate or partially usable for the understanding of the new knowledge, 
interfering in their learning proactively. According to them, because this knowledge does not belong to 
the natural evolution of the subject, but if it is knowledge apparently similar to the previous one, the 
programmer seeks in his references similar concepts, in order to try to understand better what is being 
transmitted. This interference cannot only make learning difficult but can make it impossible. 

In the research done by [38] with programmers experienced in both paradigms and novices in OO with 
experience in the procedural paradigm, it was found OO programmers spent more time with mental 
simulations of the interaction between objects and with Modeling, which may indicate another 
difference in the mental model of procedural programmers and OO: procedural programmers who 
want to learn OO need to change the mental model in order to devote more time to modeling. These 
studies also showed that those who obtained the worst results were newcomers to OO (and 
experienced in the procedural paradigm), because their mental model was still strongly procedural. 
The change in the mental model of the programmer becomes, therefore, indispensable, so that he can 
understand the new paradigm. 

5.2 How to Make a Transition to the Object Oriented Paradigm 
[39] and [22] found problems in teaching the OOP when a programming language was used as the 
main teaching tool. For them, problems related to language syntax as well as implementations of OOP 
concepts in the selected language can lead the student to spend more time understanding the 
language than properly understanding the OOP. [40] understand that initially, design and modeling 
activities are required, which can be done through graphic tools, as indicated by [41], to teach some 
OO programming language. In this way, the risk of learning failure is reduced. 

Based on these studies, it seems for a good learning of the OOP programmers must consider the use 
of graphical tools that teach learners how to construct the first objects and make them interact with 
each other, beginning with simple initial models, and only later to implement these objects in a 
programming language, which should be purely object-oriented. The graphical tools can follow the 
premises of Learning Objects (LO) for their construction, as reuse. In this way, they can be reused in 
different contexts, either new disciplines or new classes [42]. 

LO, in its simplest definition, consist of a reusable portion of educational content. They can even be 
extended into a larger object, containing the concepts of another object. They should be created or 
used solely for pedagogical purposes, after certain planning, not for the purpose of making the class 
enjoyable or something of the kind. This premise differentiates LOs from other illustrative materials 
used in education. In the teaching of object orientation can be elaborated in the form of simulation or 
games in which the student models objects, with states and behaviors and exchange of messages 
with other objects [42]. 

6 CONCLUSIONS 
As results, it was possible to identify that there are similarities between the two paradigms, such as 
similar control structures. In relation to teaching and learning, the revision allowed to identify that there 
are two approaches: the evolutionary one, that uses procedural concepts for teaching object 
orientation; And the revolutionary, which discards the knowledge obtained with the procedural 
paradigm emphasizing teaching through the OO fundamentals. Also, learning the procedural paradigm 
first can cause learning difficulties, requiring a long period for learning to occur in a satisfactory way, 
indicating that the best alternative is probably to teach the OOP from the outset without comparisons 
with the procedural paradigm, treating the transition as a revolution, not evolution. In addition, some 
factors that may hinder learning are: the use of hybrid languages that can generate confusion between 
concepts close to the two paradigms; and the use of abstractions from one paradigm in another. Yet, 
more effective learning during transition requires a change in the programmer's mental model so that 
he can understand the new paradigm. So, initially, teaching should focus on design and modelling and 
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then use a purely OO programming language, reducing the risk of learning failure. This teaching can 
be done through graphical tools whose construction can follow the premises of OAs in the form of 
simulations and games. 

Based on the results obtained, this article has brought relevant considerations so that the programmer 
interested in the transition from the procedural paradigm to the OO reflects on his/her learning 
situations in an attempt to minimize difficulties and make it more effective. In addition, it provides 
important inputs to guide teaching during the transition. As future work, it is suggested a more detailed 
investigation on the use of LOs as a tool for teaching the OOP in the transition. 

REFERENCES 
[1] E. Janke, P. Brune, and S. Wagner, ‘Does Outside-In Teaching Improve the Learning of Object-

Oriented Programming?’, in 2015 IEEE/ACM 37th IEEE International Conference on Software 
Engineering, Alemanha, 2015, vol. 2, pp. 408–417. 

[2] S. Xinogalos, ‘Object-Oriented Design and Programming: An Investigation of Novices’ 
Conceptions on Objects and Classes’, Trans. Comput. Educ., vol. 15, no. 3, p. 13:1–13:21, Jul. 
2015. 

[3] M. C. C. Baranauskas, ‘Procedimento, função, objeto ou lógica? Linguagens de programação 
vistas pelos seus paradigmas’, Computadores e Conhecimento: Repensando a Educação. 
Campinas, SP, Gráfica Central da Unicamp, 1993. 

[4] I. Hadar, ‘When intuition and logic clash: The case of the object-oriented paradigm’, Science of 
Computer Programming, vol. 78, no. 9, pp. 1407–1426, 2013. 

[5] M. G. Morris, C. Speier, and J. A. Hoffer, ‘An Examination of Procedural and Object‐oriented 
Systems Analysis Methods: Does Prior Experience Help or Hinder Performance?’, Decision 
Sciences, vol. 30, no. 1, pp. 107–136, 2007. 

[6] D. A. Z. Zuhud, N. A. Rahman, and M. Ismail, ‘A preliminary analysis on the shift of 
programming paradigms’, in 2013 5th International Conference on Information and 
Communication Technology for the Muslim World (ICT4M), Rabat, 2013, pp. 1–5. 

[7] M. U. Bhatti, S. Ducasse, and M. Huchard, ‘Reconsidering Classes in Procedural Object-
Oriented Code’, in 15th Working Conference on Reverse Engineering, 2008. WCRE ’08, 
França, 2008, pp. 257–266. 

[8] P. Heller and S. Roberts, Guia Completo de Estudos para Certificação em Java 2, 3rd ed. Rio 
de Janeiro: Ciência Moderna, 2004. 

[9] H. J. Nelson, D. J. Armstrong, and M. Ghods, ‘Old Dogs and New Tricks’, Commun. ACM, vol. 
45, no. 10, pp. 132–137, Oct. 2002. 

[10] B. D. Blansit, ‘Object Oriented Programming: What is IT Talking About?’, Journal of Electronic 
Resources in Medical Libraries, vol. 7, no. 1, pp. 90–97, Mar. 2010. 

[11] C. Larman, Utilizando UML e Padrões. São Paulo: Bookman Editora, 2002. 

[12] B. Meyer, Object Oriented Software Construction, 2nd ed. Santa Barbara: Prentice Hall, 1997. 

[13] E. H. Khan, M. Al-A’ali, and M. R. Girgis, ‘Object-Oriented Programming for Structured 
Procedural Programmers’, Computer, vol. 28, no. 10, pp. 48–57, 1995. 

[14] P. O. Asagba and E. E. Ogheneovo, ‘A Comparative Analysis of Structured and Object-Oriented 
Programming Methods’, Journal of Applied Sciences and Environmental Management (ISSN: 
1119-8362) Vol 12 Num 4, 2010. 

[15] G. Booch, R. A. Maksimchuk, M. W. Engle, B. J. Young, J. Conallen, and K. A. Houston, 
Object-Oriented Systems Analysis and Design With Applications, 3rd ed. Massachusetts: 
Addison-Wesley, 2007. 

[16] B. C. Hardgrave, ‘Adopting object-oriented technology: Evolution or revolution?’, Journal of 
Systems and Software, vol. 37, no. 1, pp. 19–25, Apr. 1997. 

0614



[17] A. Kay, ‘The Computer Revolution Hasn’t Happened Yet’, presented at the Conference on 
Object-Oriented Programming Systems, Languages, and Applications (OOPSLA), Atlanta, 
Georgia, 09-May-1997. 

[18] E. Evans, Domain Driven Design - Atacando as Complexidades no Coração do Software, 1st 
ed. Rio de Janeiro: Alta Books, 2009. 

[19] G. Dodig-Crnkovic, ‘Significance of Models of Computation, from Turing Model to Natural 
Computation’, Minds & Machines, vol. 21, no. 2, pp. 301–322, May 2011. 

[20] D. Goldin, S. A. Smolka, and P. Wegner, Interactive Computation: The New Paradigm, 1st ed. 
Estados Unidos: Springer Science & Business Media, 2006. 

[21] P. Wegner, ‘Why Interaction is More Powerful Than Algorithms’, Commun. ACM, vol. 40, no. 5, 
pp. 80–91, May 1997. 

[22] M. C. Okur, ‘Teaching object oriented programming at the introductory level’, Journal of Yasar 
University, vol. 1, no. 2, pp. 149–157, 2006. 

[23] H. J. Nelson, D. J. Armstrong, and K. M. Nelson, ‘Patterns of Transition: The Shift from 
Traditional to Object-Oriented Development’, Journal of Management Information Systems, 
Illinois, pp. 271–298, 2009. 

[24] M. Fowler, ‘bliki: AnemicDomainModel’, martinfowler.com, 2003. [Online]. Available: 
http://martinfowler.com/bliki/AnemicDomainModel.html. [Accessed: 02-Nov-2016]. 

[25] P. Silveira, G. Silveira, S. Lopes, G. Moreira, N. Steppat, and F. Kung, Introdução à Arquitetura 
e Design de Software - Uma visão sob a plataforma Java. São Paulo: Elsevier Brasil, 2012. 

[26] I. Govender, ‘From procedural to object-oriented programming (OOP) - An exploratory study of 
teachers’ performance’, South African Computer Journal, vol. 46, 2010. 

[27] G. White and M. Sivitanides, ‘Cognitive Differences Between Procedural Programming and 
Object Oriented Programming’, Information Technology & Management, vol. 6, no. 4, pp. 333–
350, Oct. 2005. 

[28] J. A. Gallud, R. Tesoriero, and P. Gonzalez, ‘Smalltalk: The leading language to learn object-
oriented programming’, in 2012 Federated Conference on Computer Science and Information 
Systems (FedCSIS), Espanha, 2012, pp. 839–840. 

[29] J. Lewis, ‘Myths about object-orientation and its pedagogy’, ACM SIGCSE Bulletin, vol. 32, no. 
1, pp. 245–249, 2000. 

[30] A. van den Hoogenhof, ‘The maturity of object-oriented methodologies’, in Lectures on 
Embedded Systems, G. Rozenberg and F. W. Vaandrager, Eds. Nijmegen: Springer Berlin 
Heidelberg, 1998, pp. 268–303. 

[31] D. J. Armstrong and B. C. Hardgrave, ‘Understanding mindshift learning: the transition to object-
oriented development’, MIS Quarterly, pp. 453–474, 2007. 

[32] M. Page-Jones and S. Weiss, ‘Synthesis: An object-oriented analysis and design method’, 
American Programmer, vol. 2, no. 7–8, pp. 64–67, 1989. 

[33] E. Yourdon, P. Nevermann, K. Oppel, J. Thomann, and K. Whitehead, Mainstream Objects: An 
Analysis and Design Approach for Business. Upper Saddle River, NJ, USA: Yourdon Press, 
1995. 

[34] E. R. Hilgard and G. H. Bower, Theories of Learning, 3rd ed. Estados Unidos: Pearson College 
Division, 1966. 

[35] B. J. Underwood, ‘Interference and forgetting’, Psychological Review, vol. 64, no. 1, pp. 49–60, 
1957. 

[36] D. P. Ausubel, J. D. Novak, and H. Hanesian, Educational psychology: a cognitive view, 2nd ed. 
New York: Holt, Rinehart and Winston, 1978. 

[37] M. A. Moreira, ‘Aprendizagem significativa: um conceito subjacente’, Actas del II Encuentro 
Internacional sobre Aprendizaje Significativo. Servicio de Publicaciones. Universidad de 
Burgos. Págs, pp. 19–44, 1997. 

0615



[38] N. Pennington, A. Y. Lee, and B. Rehder, ‘Cognitive Activities and Levels of Abstraction in 
Procedural and Object-Oriented Design’, Human–Computer Interaction, vol. 10, no. 2–3, pp. 
171–226, Jun. 1995. 

[39] J. Bennedsen and M. E. Caspersen, ‘Teaching Object-Oriented Programming - Towards 
Teaching a Systematic Programming Process’, presented at the Eighth Workshop on 
Pedagogies and Tools for the Teaching and Learning of Object Oriented Concepts. Affiliated 
with 18th European Conference on Object-Oriented Programming (ECOOP 2004), Aarhus, 
2004. 

[40] B. Thomasson, M. Ratcliffe, and L. Thomas, ‘Identifying Novice Difficulties in Object Oriented 
Design’, in Proceedings of the 11th Annual SIGCSE Conference on Innovation and Technology 
in Computer Science Education, New York, NY, USA, 2006, pp. 28–32. 

[41] R. Box and M. Whitelaw, ‘Experiences when Migrating from Structured Analysis to Object-
oriented Modelling’, in Proceedings of the Australasian Conference on Computing Education, 
New York, NY, USA, 2000, pp. 12–18. 

[42] J. Braga, Objetos de aprendizagem: Introdução e Fundamentos, vol. 1, 2 vols. Santo André: 
Editora UFABC, 2014. 

0616




