
 

 

INSTRUCTIONAL STRATEGIES FOR SUPPORTING THE 
UNDERGRADUATE OBJECT ORIENTED PROGRAMMING 

TEACHING PROCESS: A SCOPING REVIEW 

Maria Luisa González Ramírez, Juan Pablo García Vázquez, Linda Eugenia 
Arredondo Acosta, Luis Enrique Vizcarra Corral, Mónica Cristina Lam Mora 

Facultad de Ingeniería, Universidad Autónoma de Baja California (MEXICO) 

Abstract  
Computer Science degree students commonly have a high failure rate in object-oriented programming 
(OOP). To reduce the failure rate is needed that teachers use techniques to motivate and help 
students in keep their focus attention; to help students to organize their information for understanding 
and remembering, and to enable teachers to monitor and assess their learning. These techniques are 
called instructional strategies. In this paper, we present a scoping review of to answer the research 
question: What are the instructional strategies that have been most successful use for teaching object-
oriented programming at the undergraduate level? The review was performed using three electronic 
databases: SCOPUS, ERIC and JSTOR. Searching period was from 01/01/2006 to 12/31/2016. Our 
results show some instructional strategies used in object-oriented programming in the last ten years. 
These are: blended learning, project based learning, object-first, iterative learning, instructional 
games, formative assessment, educational programming environments, bottom-up and top-down 
approaches, and interactive visualizations.  
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1 INTRODUCTION  
Programming is a fundamental ability in computer science degree. However, studies report that 
teaching and learning programming is not and easy task for teachers or for students [1],[2]; 
specifically, teaching object-oriented programming [3], [4], [5], [6]. 

In a recent systematic review released in 2014, the authors analyzed 161 papers that report a mean 
failure rate of 33% in the course of object-oriented programming at 51 universities [7]. In our university 
the statistics provided by the Center for Information and Statistics of the School of Engineering (CIEFI) 
in semester 2016-1 and 2016-2 show that the failure rate is 70%  on the enrolled students in the 
course of object-oriented programming.  

Studies have been identified factors that that influence the high rate of failure of students in OOP [6], 
[8]: (i) misconception of object-oriented programming concepts and their relationships; (ii) the class 
size, it limit the opportunities for interaction between teacher and student; and (iii) student learning 
abilities.  

To tackle the aforementioned challenges and to reduce failure rates in object-oriented programming 
courses, the teachers propose diverse instructional strategies, that are defined as techniques to: (i) 
motivate students and help them focus attention; (ii) that help them to organize information for 
understanding and remembering; and (iii) to enable teachers to monitor and assess learning [9], [10].  

Therefore the following research question came up: What are the instructional strategies that have 
been most successful use for teaching object oriented programming at the undergraduate level?  

2 METHODOLOGY 
To answer the research question, we propose a scoping review based on the framework proposed by 
Arksey and O'Malley [11]. All phases our scoping review are described in the following sections. 

2.1 Search strategy and information sources 
The literature review was done from 01/01/2006 to 12/31/2016 using three databases: SCOPUS, 
ERIC and JSTOR. These databases were selected because they include various education journals 
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(e.g. Journal of Education and Learning, Educational Technology, Electronic Journal of e-Learning, 
among others).  

In order to proceed with the research a set of terms were used: instructional strategies, instructional 
approach, teaching strategies, teaching approach,object oriented programming and OOP. 

The terms were grouped to make a general query, using connectors like AND and OR. An example of 
the general query was: ("instructional strategies" OR "instructional approach" OR "teaching strategies" 
OR "teaching approach") AND ("object oriented programming" OR "OOP").  

The general query was adapted considering the searching guidelines of each electronic database. The 
adaptations consisted in using filters on each database, such as the language, search dates, type of 
documents (e.g. Journals, conference proceedings). In total 3 search queries resulted, in Table 1 we 
present an example of query adaptation for SCOPUS database. 

Table 1.  Query adaptation. 

General Query Adapted Query for SCOPUS database 

"instructional strategies" 
OR "instructional 

approach" OR "teaching 
strategies" OR "teaching 
approach" AND "object 

oriented programming" OR 
"OOP" 

TITLE-ABS-KEY((("instructional strategies" OR "instructional 
approach" OR "teaching strategies" OR "teaching approach") AND 

("object oriented programming" OR "OOP"))) AND (LIMIT-
TO(PUBYEAR, 2016) OR LIMIT-TO(PUBYEAR, 2015) OR LIMIT-
TO(PUBYEAR, 2014) OR LIMIT-TO(PUBYEAR, 2012) OR LIMIT-
TO(PUBYEAR, 2010) OR LIMIT-TO(PUBYEAR, 2009) OR LIMIT-
TO(PUBYEAR, 2008) OR LIMIT-TO(PUBYEAR, 2007) OR LIMIT-

TO(PUBYEAR, 2006)) AND (LIMIT-TO(DOCTYPE, "cp") OR LIMIT-
TO(DOCTYPE, "ar")) AND (LIMIT-TO(LANGUAGE, "English")) 

2.2 Inclusion Criteria 
Papers that met the following criteria were included in this scoping review: 

• Studies published in peer-review journal and conferences in English language. 

• Research projects that provide evidence of the impact using an instructional strategy and 
information technologies to improve student learning experience in object-oriented programming 
at undergraduate level. 

2.3 Exclusion Criteria 
This scoping review does not include studies that report instructional strategies for teaching 
programming in elementary school, middle school, high school or college. As well as documents 
published as thesis, technical reports, posters, book reviews, opinion papers, commentaries or 
editorial reviews. 

2.4 Selection Process 
The selection process consisted of four phases, which are described as follows: 

• Phase 1. Selection of relevant papers according to the criteria of inclusion and relevance. 

• Phase 2. Exclusion of Duplicate Items. Duplicate items were deleted using Google spreadsheet 
functions such as sorting and the conditional counting per replicate function, which enable us to 
identify those duplicate items. 

• Phase 3. Title and abstract selection. We select papers that mentioned the use of an 
instructional strategies for teaching object-oriented programming at undergraduate level. 

• Phase 4: Selection of studies from the full text review. We select papers that using and evaluate 
an instructional strategy for teaching object-oriented programming at undergraduate level. 
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2.5 Data Extraction 
The extraction of information from selected studies was carried out using a table prepared in Google 
spreadsheet. In this table authors fill the following information of each study: paper title, abstract, year 
of publication, type of paper, instructional strategy, technology, object-oriented programming skill to 
improve, programming tools, country and programing language. The table can be consulted in the 
following link: https://docs.google.com/a/uabc.edu.mx/spreadsheets/d/  
19ej2UTcY9YUrElIcdcxAaQOc9Bf-eRSNprl2hTH1EkE/edit?usp=sharing. 

3 RESULTS 
Fig. 1 describes the study selection process and provides a description of the reasons for which 
studies were excluded or included in the bibliographic review.  

 
Figure 1. Selection process of papers that present an instructional strategies  

for teaching object-oriented programming. 

Eight studies were included in the review;  five studies are reported in conference proceeding papers 
and three were published in international scientific journals. The included studies were carried out in 
different countries: Grece, Czech Republic, Serbia, China, Qatar, Spain, Saudi, Australia and 
Germany.   

Table 2.   Included Studies. 

Id Author(s) OOP Skill to be 
Improve 

Teaching 
Strategy 

Programming 
tools Study aim Study Results 

1 Thevathayan 
& Hamilton, 
2017 [12] 

Object oriented 
design  

• Project based 
learning 

 Intelligent 
Tutoring 
System 

Improve students 
design skills.   
Respond the following 
questions: How can 
staff and students 
identify common design 
misconceptions in a 
timely manner? and  
How can we help 
students overcome 
such misconceptions? 

Intelligent Tutorial 
System (ITS) can 
help the students to 
improve their design 
skills and to promote 
collaboration 
between the students 
and teachers to 
make progress in 
learning. 
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Table 2. Included Studies (cont.). 

Id Author(s) OOP Skill to be 
Improve 

Teaching 
Strategy 

Programming 
tools Study aim Study Results 

2 Ivanović et al., 
2016 [1] 

All topics of the 
object-oriented 
programming 
course 

• Project based 
learning  

• Blended 
learning 

BlueJ, 
ObjectKarel, 
JCreator1/ 
Eclipse2 IDE 

To investigate students’ 
perceptions regarding 
the importance of 
various tools and 
services offered by the 
LMS(Learning 
management system) 
used, as well as to 
study the potential 
importance of other 
technologies, resources 
and tools that could be 
utilized. 

 

3 Schmolitzky et 
al., 2014 [13] 

Getting in 
contact with 
objects 

• Instructional 
Games 

BlueJ IDE  Introduce students to 
fundamental oop in a 
playful manner with 
Gues my object (GMO), 
this is a  
project to be explored 
in BlueJ.  

Their results of a 
pilot study showed 
that the game 
mechanics of GMO 
are appropriate in the 
context of 
introductory 
programming 
education and were 
praised by the 
players. 

4 Zhang et al., 
2014 [14] 

Concepts of 
class, method, 
control 
structures, 
encapsulation, 
variables and 
other java 
programming 
syntax  

• Object-First 
Strategy 

• Instructional 
Games 

Alice  Exam whether the 
auxiliary software, i.e., 
Alice, would enhance 
the object oriented 
programming learning 
interest and 
performance of IT 
majors. 

Alice improved 
students’ interests of 
learning Java. 
The authors strongly 
believe that, object-
first approach is the 
effective way to help 
students master the 
complexities of 
object-oriented 
programming. 

5 Alhazbi et al., 
2010 [15] 

All topics of the 
object-oriented 
programming 
course 

• Iterative 
Learning 

• Instructional 
Games  

• Case Study 

•  Formative 
assesment 

Game:Who 
wants to be 
OOP expert?  
Game: OOP 
Concepts 
Matching 

Improve students’ 
satisfaction and 
motivation by using 
multiple instructional 
strategies 

Using supportive 
online materials to 
overcome students 
“fear” of 
programming and to 
improve their 
satisfaction 

                                                
1 http://jcreator.com/ 
2 https://www.eclipse.org/ 
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Table 2. Included Studies (cont.). 

Id Author(s) OOP Skill to 
be Improve 

Teaching 
Strategy 

Programming 
tools Study aim Study Results 

6 Xinogalos 
et al., 2008 
[16] 

Fundamental 
concepts of 
OOP 

• Object-First 
Approach 

BlueJ and 
objectKarel  

To investigate the following 
questions: How can 
students’ conceptions of 
“objects” and “classes” be 
categorized?  
How frequent is each one 
of these conceptions? 
How do students 
understand the role of 
“objects” and “classes” 
during program execution? 

Revealed several 
difficulties and 
misconceptions 
regarding the most 
fundamental concepts 
of OOP, the concepts 
of “object” and “class” 
Their long-term 
evaluation of showed 
that even with the 
same goals, the 
same instructor, and 
the usage of the 
same programming 
environment (BlueJ), 
the overall teaching 
approach, including 
the exploitation of the 
programming 
environment and the 
accompanying 
educational material 
can have a great 
impact on students’ 
accomplishments and 
different outcomes. 

7 Lee et al., 
2008 [17] 

Fundamental 
Concepts of 

OOP 

• Interactive 
Visualization 

BlueJ  Investigated the 
effectiveness of: (i) the 
graphical features of BlueJ 
as a cognitive tool while 
performing coding tasks as 
part of a test; and (ii) the 
use of screencasts (video 
screen captures) of BlueJ 
to provide scaffolding 
during learning, which 
involves the provision of 
temporary support 
structures to assist 
learners in attaining the 
next stage or level in their 
development. 

The study found no 
significant effect of the 
provision of 
screencasts during 
learning, nor of the use 
of BlueJ during testing, 
on ability to write Java 
code given a problem 
specification in 
English. 

8 Alkazemi & 
Grammi, 
2012 [18] 

Polymorphis
m 

• Bottom-up 
approach 

• Top-down 
approach  

BlueJ  To investigate whether 
applying a more balanced 
approach in teaching the 
comprehensive concept of 
Polymorphism would be 
more beneficial in 
developing learners’ 
effective analytical skills. 

BlueJ is an  effective 
teaching tool capable 
of demonstrating the 
fundamental design 
decisions of 
Polymorphism 

4 DISCUSSION 
The studies identified in the review report the use of instructional strategies for teaching fundamental 
concepts of OOP such as object, class, methods and control structures. As well as advanced 
concepts such as abstraction, inheritance and polymorphism.  
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In the review were identified ten instructional strategies across 8 studies, which are shown in Table 2. 
Three strategies are the most commonly used in OOP courses at undergraduate level: project based 
learning, instructional games and object-first approach.  

A common aspect between studies is that the instructional strategies are used for teaching a general-
purpose computer programming language, Java. In addition, studies propose use several educational 
programming environments as tools to facilitate the teaching process. Examples of these tools are: (i) 
BlueJ3, a free Java development environment designed for beginners; (ii) objectKarel4 a didactical 
microworld for an introduction to object-oriented programming; (iii) Alice5 a free scripting and 
prototyping environment program for 3D object behavior.  

Regarding to educational programming environments the authors report that the tools complement the 
instructional strategy to facilitate the teaching of a specific topic, for instance BlueJ IDE is an effective 
teaching tool for demonstrating the fundamental design decisions of Polymorphism [18]. As well as to 
teach fundamental concepts of OOP[16]. 

In the review, we identified that there are a few studies that report successfully use of instructional 
strategies for teaching object-oriented programming at undergraduate level. Therefore we consider to 
incorporate more electronic databases to reinforce the review results. 
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