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Abstract 
At Botho University we offer a BSc (Computer Science) where in the third year students are required to choose specialization stream; software, hardware or general stream. The challenge has been that over years we have experienced a high rate of attrition in students who select the software (programming) stream and preliminary findings indicated that learners have preconceived perception that programming is difficult. However, it should be noted that programming’s importance has not diminished and as such should form part of the core curricula of undergraduate computer science. Therefore, the purpose of the present study is to investigate how best students learning introductory programming can be supported and their interest cultivated by use of the ultimate visual support tools. It first compares the attrition rates experienced by the Software stream when compared to other streams from January 2009 to July 2014. Secondly, the researchers will discuss the core requirements for ultimate visual tools for supporting novice programmers and lastly we will present a framework to standardize the design and development. Furthermore, the simple BOWI/2012/01 framework is proposed as a guide for restructuring the curricula for novice programmers. Finally, recommendations for further studies into the effects of the visual teaching aids for supporting introductory programming in object-oriented programming is recommended.
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introduction 
Computer programming courses have continued to present problems to learners (novice programmers) especially at the introductory levels. It also has been observed that teachers face numerous problems in course design and presentation [21]. Students learning to program are often initially frustrated by two main things; having to learn the code syntax and having to understand the code itself. According to Elena [5] who explored the difference between novice and expert programmers paper as cited by  [4],  the process of programming requires at least two different skill sets; program comprehension (that is the ability to understand each part) and plan recognition (that is the ability to understand the interactions among the program components). 
Furthermore, approaches to program design and program development have drifted from the functional approach [19], and then the data oriented approach [7] to the currently popular but not very new object-oriented approaches [14]. While functional approach and data oriented approach to programming emphasis on fundamental tools of program design and development, object-oriented approach models a program in a more practical way in which the program itself is viewed as a collection of components that interact with each other. [2]
There are claims that object oriented is easier to learn, but researchers have a different experience. In object-oriented program design and development, novice programmers face a couple of problems that include; (a) familiarizing with the programming environment of a particular integrated development platform(IDE), (b) programming constructs that depicts the behaviour of a program in a particular language (selections and iteration structures) (c) the language syntax and semantics(declarations and putting statements together) to model a computer instruction (d) and learning how to put these together to develop a complete computer program that performs a meaningful task.
In the current study, researchers discuss the motivation for proposing for a visual tool in teaching introductory object oriented programming (OOP) at Botho University, Francistown campus, and core requirements that the tool should integrate order for it to be efficiently used as a learning/teaching tool. Study suggests the need for ultimate visual tool in assisting novice programmers (students) in learning programming. The main question is, can this process be employed to transform students from being “fearful” of programming to being “keen” learners of programming? 
In the following section we will discuss the current attritions and the need for action at Botho University: Francistown Campus, review the literature on visual tools, related techniques and their use in pedagogy. This will be followed by the experiment methodology, recorded results and finally a discussion of these results and conclusion. 
background to the proposed study
Current trends at Botho University (Francistown)
Students are given an opportunity to choose a specialization stream of study at third year between networking stream and software stream (includes programming).
According to the statistics from the university Management Information System (MIS) office, there has been a significant decline in the number of students choosing the software stream. A comparative analysis of the statistics recorded at Botho University-Francistown (see Table 1 and Figure 1 below) which indicate that, in January 2009 out of 259 students only 67(25.88%) opted for software stream compared to 192(74%) who opted for the networking stream. In the same year in August 2009, out of 215, only 49(22.79%) chose software stream while 166(77.21%) went for networking stream and in July 2012, out of 144 students 9(6.25%) chose software stream while 135 students chose networking stream.  The statistics above show a decline in the software stream of 19.63% from the January 2009 to July 2012 whereas in networking stream there has been an incline of 19.55%. Latest statistics which show how students have selected their streams for the academic year starting in July 2014, 17.86% of students have chosen the software stream which shows an increase of 11.61%. Even so, this is still very low figures compared to number of students selecting the networking stream.
Taking into consideration that there might be other factors involved, researchers have noted that there is a significant number of students who avoid software stream in favour of networking stream. This led to researchers concluding that students might be having preconceived perceptions that programming is difficult and then chooses networking stream as an alternative. 
table 1:  Students specialization table (Botho University, Francistown)
	YEAR
	NETWORKING
	SOFTWARE
	TOTAL

	Jan-09
	192
	67
	259

	Aug-09
	166
	49
	215

	Jul-12
	135
	9
	144

	Jul-14
	115
	25
	140




Figure 1: Student Specialization: Botho University, Francistown
Table I shows that out of 259 students who were enrolled in January 2009, 192 opted for Networking and 67 opted for Software. In the same year in August 166 students out of the total of 215 opted for Networking and only 49 opted for the software stream. In 2012, out of 144 students, 135 opted for networking and only 9 chose the software stream.
[20] share the same sentiments and have analysed that students performance in objective assessment of these modules is not as good as educators would like to believe. In the same research they further observed that many students do not show interest in the programming courses and they fail it and some students give up all together. 
In the current study, the researchers’ concern is on the underlying reasons for this discourse and hypothetically, they identify the following factors;
1. Inappropriate teaching approach that lacks learners’ engagement, 
2. Preconceived views that programming is difficult by learners,
3. Lack of prerequisite knowledge amongst learners required for learning introductory programming, and
4. Assumptions that there is no software market in Botswana.

On this background, we therefore, propose the need for an ultimate visual support tool for aiding in learning/teaching of introductory programming in at Botho University. 
 The need for diverse approaches to learning or teaching object oriented programming
In the current study the researchers are advocating for the need for diverse approaches to learning and teaching introductory programming to support students. These approaches, ideally must accommodate students with challenges in programming, [13] paying more attention to newly enrolled learners or those students who are starting to learn programming with weaker mathematical and science backgrounds (which are pre-requisites for programming).  Basically, such students are easily intimidated by courses that demand a lot of logic and scientific calculations. This observation concurs with the research by [18] who found that learners undergo experience, stress and discomfort and low sense of academic control in their courses if they lack proper orientation or prerequisite knowledge about the course they are undertaking. The same research established that students may experience a lowered sense of well-being, and reduced feelings of academic enjoyment and motivation if there is no immediate intervention to assist them to handle this academic discourse.
As discussed above, in the previous academic year, we had only 6.25% learners who had chosen software stream. Observations were made as the learners’ tutor that students were having difficulty and struggling to learn programming, at the time C# was the language used at introductory programming and the researchers discovered that this was worsening the situation. It is complex to use in the sense that the way the errors are presented is not usually easy to interpret from the novice-programmer’s (learners) position.
In addition, Botho University has availed a top-up BSc Honours Degree Programme in Computing and its Practices. This programme is offered in association with Open University (OU top up Degree Program) and students face challenges with the programming component in the MYT 362 module (Concurrent Distributed Systems) which is compulsory module for all students doing the programme irrespective of whether they were in software or networking stream, and is taught using Java. It has been observed that students perform far below the teachers’ expectations in this module.
 RELATED LITERATURE
The use and application of visual educational technologies in programming courses has become central to learning and teaching programming. The use of these technologies can tremendously improve learners’ ability to grasp the concepts/skills in program design, development and maintenance. [13]. A number of indicators from research work, discussion forums, interviews and reports by institutions and governments point to the urgent need for a framework via which authorities can guide and standardise the design and implementation of  the visual tools for assisting both the novice programmers and teachers/trainers to embrace such technologies seamlessly. In the study of visual approach for teaching programming concepts, [13] established that retention of female students is high in introductory programming courses that utilize the visual tools, virtual worlds, and sound.
According to Habeshaw and Biggs [29], in their earliest pilot study on the “interdisciplinary course in virtual reality art…”, the 3D animation software “Alice”, made the process of writing a program much more compelling for novice programmers, especially female students. In a broader view of supporting “skills development” and “anti-attrition campaigns” by the Republic of Botswana (Botswana-European, 2007), Botho University can play a part by tapping into the underrepresented groups of students without prior knowledge of programming and minorities.  
In recent years, a significant number of Universities have drifted from the functional approach to programming using object-oriented languages (OOL) (Java, NetBeans, Python or C#) and have made the programming even more difficult for the novice programmers than anticipated. [13] [10]. Some of the OO languages (C# and Java NetBeans, and so on), lack the intuitive “point and drag” or “point and click” interfaces [9] and more so have added another level of complexity which has further discouraged novice programmers as discussed above [18]. To circumvent these problems, research centers and individuals have mobilized resources to design and develop new approaches in which programming can be learned or taught. Such efforts have seen the birth of a number of visual tools that include Vince [9], Empirical Control [10], Jelliot [15], Alice [17], Progranimate [18], and so on.
Jeliot [15] is a program animation tool oriented towards novice programmers. According to Ben-Bassat, Ben-Ari, & Uronen [1] Jeliot 2000 represent a step-by-step execution of Java programs. Each step is grphically made explicit, and the simulation resulting animation simulates how a Java Virtual Machine(JVM) interpretes the program code. Ben-Bassat[1] also studied the pedagogic advantages of Jeliot 2000 compared with the use of an Integrated Development Environment (IDE). The results established that there is a significant improvement to the understanding of OO programming amongst novice programmers and the largest improvement came for the mediocre students [1]. However Moreno & Joy [12], argue that Jelliot is likely to create gaps in the course where students fail to understand the basic syntax of programming, or generally are not able to grasp a new concept. In the conclusion of the same study [12] state that Jeliot 3 animations are hard for the novice students to understand and in a number of cases, the transfer of knowledge from the tool to the student is not successful. Furthermore  it has been observed that visual tools such as Jeliot 2000 is good in simmulating the behaviour of the program visually, but fails to represent the flow logic or data through process logic [18].
Empirical Control [10] represents the flow and change of data via flowchart based visualisations. The main focus of Empirical Control is to assist programmers to develop control systems for external devices and not aimed at teaching programming  [10], and therefore its handling of data does not relate well to programming  [18].
Progranimate[18] is a visual tool that helps the user to visualise a computer program by the creation of animated flowcharts. Basically, the benefits of using flowchart are that teachers can easily describe programming logic so that novices can easily understand the logic with little or no pre-requisite training. Progranimate supports the “concepts first” notion but, fails to embrace the current trends of OO programming which cannot be avoided [10]

Alice was developed by Carnegie Mellon University and has been successfully used by various Universities to introduce the programming courses to novice programmers. It provides animated programming environment for the analysis and design of computer programs.  Alice’s interactive interface enables students to drag and drop graphic objects to create a program. The instructions correspond to standard statements in a object-oriented programming language, such as Java, C++, and C#.[13]. In Alice, the user can follow how the animation programs run. This feature enables the new programmer to easily understand and map the relationship between the programming statements and the behaviour of objects in the animation. In that way, students can gain experience with all the programming constructs typically taught in an introductory programming course because they are manipulating the objects in their virtual world. Although Alice comes with fun and object-orientation (“objects-first”) approach [13] it lacks the features to foster “depth first” approach where novices are encouraged to focus on the concepts of programming only.[18]. In other words, use of Alice requires a student to be familiar with object-oriented design (objects-first), basic design principles in programming and understands the syntax, (“breath-first approach”).

The other noticeable innovation to visual tools is Vince [16] and the work published by [6]. These are web-based tools that help the students to understand the execution of C or C++. Vince enables students to modify small program templates and check how their code affects the program behaviour. For example, Vince visualises a C program step by step, showing the contents of the computer memory and providing user with explanations of each step. [9].

Jerro [11] visual tool developed by [17] is yet another visual tool in programming that focuses on control structures, methods, and objects. Jeroo is very effective if it is interleaved with the primary language by teaching it the first 3-4 weeks of regular semester [9]. Jeroo is similar to Karel the Robot but, has limited features outlined above. Because of its narrow scope, Jeroo can only be suitable for introducing OO concepts to novices and then there is need to use broader interventions for furthering learners’ experiences.
 
JPie is a drag and drop visual tool which was developed by Washington University. It supports the construction of programs enabling “breathe first” approach to programming learning/teaching. Jpie is developed for students without programming experience and can be used throughout the semester because it is more diverse and can enable students to deal with problems like pong, dining philosopher, and Persian Recursion [13].

RAPTOR visual tool enables students to build programs by making connections between the flowchart symbols/element. This system has become very popular in the U.S.A and has been adopted by the Air Force Academy, Carnegie Mellon University to introduce computer programming to first year students.

In learning computer programming, students must be able to internalize the meaning of the program at the onset in order to reach a point where they can apply their programming skills to real life problems. The study by Coull & Duncan [4] concurs with their commended that learners should do introductory programming at both cognitive and conceptual level. Ideally as teachers, we normally prefer students to learn introductory programming progressively where they move from being novice to expert programmers.

In the context of developing societies, the other challenges to learning/teaching programming courses is visualising a programming problem such as the demonstration of the basics of variable assignment, sequence, selection and iteration[10] [13]. Tools such as “Empirical Control” [11] and “Progranimate” [18], Alice [22] and the others discussed above, bring the vital aspects of demonstrating the flow and change of data via flowchart, objects based visualisations. A co-ordinated approach to the design and development of these visual tools may change the way teachers and students perceive programming. As has been observed “Empirical Control” lacks the aspect of pedagogy that illustrates a step-by-step art of programming, on the other hand “Progranimate” lacks the object orientation to enable students to master the basic concepts of OO programming. Furthermore, “Alice”, is rather too object oriented and lacks the aspect of “concepts first” approach which is recommended for beginners to concentrate on.  If research could be directed more on customising the curricula to bring more graphics and visual aids to learning/teaching programming, ultimate approaches could be implemented that can guide learners to view programming in a more realistic manner and solve problems that they do care about solving [27]. 

The current study seeks to mobilise an investigation into how visual aids to programming can be standardised. The researchers propose an integrated framework (see figure 4) which would be a blueprint to determine the design and the structure of all the future emergent visual tools.  However, care must be taken not to reduce the process of learning programming into a simple task of solving trivial mathematical functions, toy and game programs to process user input. These are small-scale and completely self-contained approaches that would not help since they do not require any interaction with the outside world. [28].

SEMIOTIC LADDER MODEL IN LEARNING/TEACHING PROGRAMMING
Students who are attempting to learn programming in any computer language (for the first time) need to be motivated. Without any form of motivation or encouragement, learners quickly get bored or become confused by the technical language used. Models for teaching programming have been suggested in the literature. According to [5], teachers dealing with introductory courses to programming need to identify teaching methodology that can influence the learners’ perceptions of about the role of a teacher in order to   engage them. Coull & Duncan [4] share the same suggestion that the models must be formulated in terms of stages in progressing from a novice to an expert programmer and can be used to identify and describe the composite aspects of the activity of learning to program.
[5] recognises the Novice-to-Expert model that is reflected in the work of [16] and has proposed that novice programmers need “a proper mix of accretion, tuning and restructuring.” Basically, this suggests that novices need to be given activities relevant to their learning and guided throughout so that they can easily transform into expert programmers. The researchers suggest that teachers should take advantage of computer graphics and use similar methods to those of the entertainment industry to make their task easier and more meaningful to the learners.
Jens [8] suggests a didactic model which is based on the subject matter and recommends that the model can structure the whole course or may be repeated within a larger framework. The “semiotic ladder” is one such model that can fit situations where learners do not poses any pre-requisite skills in programming. This approach is based on the language features of computer tools. According to Jens [8], the semiotic ladder model starts out from syntax, then semantics and finally pragmatics. The idea is shown in figure 2.
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Figure 2. Progressive knowledge of programming language

In the current study, the researchers have established the need for adopting the semiotic model to support the students’ learning process. Its rationale is that syntactical knowledge is needed by novices to express anything, and therefore it should precede the learning of meaning of the language constructs - semantics. Once the meaning of the language has been understood, the learner can apply the language for dealing with the real life problems (design of applications) for practical use [8].
VISUAL TOOLS USABILITY REQUIREMENTS
From the analysis of the literature, consideration of the current learners’ models and the review of the emergent visual tools for teaching programming, the researchers have observed that novice programmers may find the visual tools very handy and supportive in the learning process of introductory programming. We strongly support the use and development of an ultimate visual support tool for introductory programming and we propose it to have the following requirements so that it can be used effectively as a learning/teaching tool at Botho University.
Requirement 1: Visual/ Traceable
The tool should animate the execution of each line of code in a program so that the students can be able to understand program logic and be able to trace in the case where it is not presenting desired output where exactly it’s having a problem [15]. Environment can be similar to that of Jeliot which is used for Java. This will nurture students’ interest on the subject and even those students who do not possess prerequisite knowledge of mathematics and science may be able to follow [15].  Even so, this still needs to be explored and proved after it has been approved and implemented.
Current work by [18], point another dimension of visual tools in learning/teaching programming. In the study designed a system to animate basic programming constructs of sequence, selection and iteration using flowcharts. Flowchart are easy to understand with little or no prior training, hence this makes a good tool for describing programming logic to novices.
Requirement 2: Supplementary Error Messages
The current IDE used being Visual Studio.Net does present complex error messages that novice programmers will usually not be able to interpret and understand. Therefore, we propose that these error messages should be supplemented with descriptive messages that novice would be able to interpret. For example, the program segment below “Hello” program in figure 3 will produce this error if compiled;
“error CSI520: Class, struct, or interface method  must have a return type…”
 (
using
 System;
public
 
class
 Hello
{
public
 
static
 Main(
string
[] args)
{
System.
Console
.WriteLine(
"Hello Mma Zulu"
);
}
}
)








Figure 3: Erroneous Code Snippet in C# language
The produced error will be very difficult for a novice to understand more so that Hello program is the very first program when one is learning programming. So we proposed that this message should be supplemented with a message like this one for example, 

“Every method should have a return type declared with it. In this case, the Main method which mark start point of program execution should be declared with the Void return type…”

This will help cap preconceived view that programming is difficult since students will be able to see exactly where the concepts they learn in class are applied.
Requirement 3: Feedback should be aligned to the syllabus

The supplementary messages that we proposed to be used, should be compiled aligned to the content of the syllabus such that students can relate the concepts learned in class to the programs they will be writing.
Requirement4: Regressive Use of Tools
The visual support tool recommended here is to assist novices programmers. As such, when students have developed some level of understanding of the syntax and the semantics of the language and internalised the meaning of the constructs, they must be able to apply the concepts to formulate problems, design and develop software applications for business use without having to rely on the visual tools anymore. Researchers would like the students to learn programming progressively and ideally move from being novice to expert programmers.
the framework for the visual tools design

The requirements for visual support tools discussed above can be integrated to form a solid framework or foundation from which we can determine the ideal properties of the future visual support tools designed to support the learning process for introducing programming. 

The framework comprises five core components that should form part of any visual support tool; supplemented error messages, traceable, feedback aligned to the syllabus, audible, regressive use of the tool. To provide supplemented error messages, the tool must have means by which it further explains all technically complex error messages generated by the system. This could be made possible by developing a database index that maps all errors deemed complicated. At runtime, the visual tool would automatically provide a window that states clearly the meaning of the error. Traceable/visual refers to the property of the visual tool to animate a program as it executes by graphically showing the flow of logic and change of data. This becomes an aid to memory of the novices’ and enhances their productivity [18]. To provide feedback aligned to the syllabus, the content in the visual tool should tally with material in the syllabus. In other words, the visual tool must be adaptive to the emergent requirements. Audible/sound enhances the learning capacity. According to Myungsook [18], audio and visual aids (when used in teaching programming) were observed to lure students to explore more on the features of the visual tool, hence reduce attrition rates especially among female students. Ideally visual tools are for novices and students must wean off as they become more familiar with the concepts [4]. Students should be able to move from being novice programmers where the use of the visual tool will be “heavy” to expert programmers where the use of the tool will be voluntary.
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Figure 4. BOWI/2012/01 captures core requirements of ultimate support tool

DISCUSSION

According to the literature review, researchers, educational institutions and individuals have observed the need for the use of the visual tools in engaging novice programmers at introductory level. The use of these tools can encourage learners to change their negative attitude towards the course and hopefully go a long way in reducing attrition rates at Universities and Colleges [4] [8].
In the current study, the analysis of the available visual tools and comments from users reflect that visual aids are very important in assisting a teacher to enhance learners’ programming skills. However, to make these tools more productive for their purpose, there is need to improve the core features on them. We require the visual tools that enable the novice programmers to go through all the basic stages of learning programming [8]  Some of the evidence is provided as follows;
· Progranimate supports the “concepts first” notion but, fails to embrace the current trends of OO programming which cannot be avoided because the whole community of computing has become object-oriented [18].
· Jeroo can only be suitable for introducing OO concepts to novices and then there is need to use broader interventions needed for furthering learners’ experiences [17].
· Alice comes with fun and object-orientation (“objects-first”) approach [13] but, it lacks the features to foster “depth first” approach where novices are encouraged to focus on the concepts of programming only [18]. 
In other words, use of Alice requires a student to be familiar with object-oriented design, basic design principles in programming and understand the syntax, (“breath-first approach”).

We can see that most emergent visual tools may be requiring further improvement to achieve the intended purpose of being an all-rounder in assisting the students who are new to programming. Therefore, in the process of producing an integrated visual tool, there is need to develop it according to a didactic learning model that is learner-driven and learner-centred. [4] [5]. The model must aim at taking a novice from one step to the next in a progressive manner, building from one set of knowledge to the next and ensuring that students are becoming mature, and independent programmers and less reliant on the visual tools [8]. For example, a semiotic ladder model would be useful for students with scanty pre-requisite knowledge of computer languages or programming.

In order to develop a one-stop visual tool, there is need for a guide in the form of a set of usability requirements that identifies all the functionalities or aspects of the visual tool. There are a number of researches that support this view. For example, according to Coull & Duncan [4], there are ten core requirements for an effective support tool that can enable it to; 
· be diverse in its application, 
· guide a student through the development process and 
· reinforce concepts already taught to the students. 
[13], indicates that a visual support tool must be modernised, support the objects-first approach, have user-friendly features such as “drag and drop” and have animations such as 3D humans, animals and other funny objects like airplanes. The main aim here is to provide fun and animate the flow of logic and animate movement of data within the computer memory and processor and finally the transfer of results to memory.
FURTHER DEVELOPMENT AND RESEARCH
The present study is inconclusive, but serves to motivate further investigations into the design of a “one-stop” visual support tool which caters for students with different educational experiences. Therefore, the researchers have found the urgent need for further research or recommendations in the following areas;
Problems causing high attrition rates 
A trend has been observed where students tend to avoid computing courses especially if there is programming involved. See table I in the background for the case study of Botho University (Francistown) above. This phenomenon is not specific to Botho University, but it is a global problem [31] [13]. As a community, we need to find strategies for containing the situation by making the process for learning programming easier. Further research is recommended on the design of the standard visual tools that incorporate animation, graphics and support all forms of pedagogical requirements for novice programmers.
In the context of Botswana, a pilot study needs to be carried out on the perception of students about programming and why these students are avoiding it in the belief that it is a difficult course.
Learning/teaching models
There is need to synchronise the pace between emergent visual support tools versus suitable models for use with the visual tools. According to [8], investigation needs to be done to find didactical models that enable students to;
Verbalize programming,
Align their activities with the lecturers,
Formulate research questions for further studies in 	programming.
CONCLUSION
Despite low levels of interest in programming by learners and perceptions that programming is difficult, it should be noted that programming’s importance has not diminish and students should be encouraged to study it. The researchers find it really suiting to propose the use of a visual support tool in learning and teaching of introductory programming as it will assist students in learning programming and hopeful cultivate students’ interest on the subject. It has been proven that teachers of object-oriented programming courses at the introductory level face numerous problems in course design and presentation [21]. It becomes even a more challenging job when the students have a weak background in the pre-requisite subjects such as mathematics and science. We therefore propose further research into the design of a customised ultimate visual support tool for our new programmers. Furthermore, we propose that a fitting learning/teaching model be found to integrate with the visual tools.
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Student Specilization Graphy : Botho University, Francistown
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