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Abstract. The objective of computer programmingis thatstudentslearn how to develop solutions in 
computer programing languages, such as Java. However, to develop such solutions students need to be able 
to solve problems. Therefore,problem solving is a critical skill that needs to be acquired. As problem solving 
and computer programming is difficult, universities worldwide make use of interactive tools, such as Scratch, 
Alice and Greenfoot to provide a user-friendly, visual andcomfortable computerprogramming environment. 
The aim of such tools is for students to develop computer programming concepts informally. However,if 
students are to become competent computer programmers, theymusttransfer the programming concepts learnt 
from such tools, to formalised computer programming languages.This paperexaminesthe extent to which 
mediated transfer is an effective pedagogy to transition students. The results indicate that the transition may 
not be as seamless as was first expected. 
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1. Introduction 
A study commissioned by the Information Technology Association of America (ITAA) indicated that in 

2001, the United States of America (USA) alone experienced a shortfall of 425000 Information Technology 
(IT) skilled workers. This shortfall increases exponentially each year [1]andcomputer programming is one 
such technical skill where a shortfall can annually been seen[2]. This shortfall is often due to the 
complexities associated with learning the fundamental concepts associated with computer programming[3].  

It has therefore become evident that well-trained computer programmers are needed to decrease the 
shortfall. However, this is not an easy task, as computer programming is a process of understanding how to 
solve problems; learning the syntax of a programming language; and acquiring the ability to implement a 
solution. It requires that students are able to think critically and creatively, in order to solve problems [2, 4].  

The IT industryrelies on universities and colleges worldwide to develop degrees and diplomas that can 
provide computer expertise. However, at the University of Johannesburg (UJ), South Africa many students 
may not meet the demands of this industry, as they are often under prepared for post-secondary educational 
challenges[5].  

Consequently, UJ is continuously exploring and researching innovative pedagogies, paradigms and 
interactive tools to assist these students. This paper describes how an interactive tool, namely Scratch [6] can 
be used to develop students algorithmic problem solving skills,as algorithms form the foundation on which 
programs are built [7]. Although Scratch can assist students with algorithmic thought processes [6], Scratch 
is not a suitable programming environment to develop computer programming solutions for business 
applications, in the IT industry.  

Therefore, if students are to be successful in this industry, they need toadvance towards solving problems 
using formalised problem solving tools, such as pseudo code and flowcharting, and computer programming 
languages, such as Java. This paper analyses the extent to which students at UJ are able to transfer learning 
from one context to another. The findings illustrate that the transition is more difficult than expected. 
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2. Interactive Educational Tools 
In order to increase the pass rate, lecturers often need to make use of interactive tools to bridge the gap 

for students, so that they are able to solve problems expected of them. To assist students,interactive tools, 
such as Scratch, Alice[8] and Greenfoot[9]can be adopted. These tools provide a visual computer 
programming experience that assists students in developing problem solving skills and essential computer 
programming concepts, without having to learn the complexitiesassociated witha computer programming 
language, such as Java. Scratch is a popular interactive tool used by universities worldwide to support and 
bridge the gap for students [6, 10]. 

2.1. Scratch 
Scratch is a “media-rich programming environment” that was developed by the Massachusetts Institute 

of Technology (MIT)’s Media Lab. It allows students to design, develop, create and test Scratch-based 
projects [6]. Problems are presented to students,where students developalgorithmic solutions in the form of 
stories and games. Algorithmic solutions are solutions based on a well-ordered collection of unambiguous 
and effective statements that, when executed, produces a result [7].  

In order to develop Scratch projects the Scratch interfaceallows students to develop algorithmic problem 
solving solutions [7] by dragging and dropping built-in instructions onto the Scripts Editor, as seen to the left 
of figure 1 below. This action is known as “snapping” instructions together like Lego blocks. Once the 
solution is complete the Scratch project executes on a stage, seen to the right of figure 1 below. 

 
Fig. 1: Scratch Instructions 

Although Scratch provides students with an opportunity to develop algorithmic skills, if students want to 
further enhance their algorithmic problem solving skills and become computer programmers, it is essential 
that students are able to solve problems using formalised problem solving techniques. Therefore, students 
needed to transfer their Scratch learning to another context. This can be realised through mediated transfer. 

3. Mediated Transfer 
Educational theorists are in agreement that learning should be transferrable from one context to 

another[11], also known as mediated transfer. Mediated transfer is an active research field [12] and can be 
defined as the ability of students to either enhance or undermine learning that took place in one context, in 
relation to another context [12]. It uses various techniques, such as bridging and hugging, which allow the 
transfer to take place [11]. Whereas bridging assists students in building a bridge from the context in which a 
concept was learnt into other contexts, hugging means mirroring an example in one context to the same 
example in another context. For example, a Scratch program can be mirrored or compared instruction by 
instruction, to the same example in Java. 

Although research indicates that lecturers can teach for transfer [1, 11, 13] it is also quite common that 
students are unable to achieve transfer of learning[11]. It must therefore not be assumed that knowledge is 



easily transferred[12]. To this end, the transfer of learning can be a positive experience (increases 
performance) or it can result in a negative (undermines performance) one.Furthermore, transfer of learning is 
more prone to take place where the differing contexts are closely related, also known as near transfer, as 
opposed to far transfer, where the contexts are dissimilar [12]. 

4. From Learning To Application 
The department of Applied Information Systems (AIS) at UJembarked on a pilot study, where the aim of 

the study was to provide students with an opportunity to slowly progress towards developing computer 
programs. This progression took place by(1)introducing an interactive tool;and then (2)introducing pseudo 
code and flowcharting.The first step was to introduce the students to an interactive tool, namely Scratch. 

4.1. Scratching The Surface 
Scratch was deployed as the interactive tool to assist students in developing analytical thought 

processesand problem solving skills. The objective is to provide students with an opportunity to develop 
their problem solving skills by being exposed to a variety of problems through Scratch. Scratch was applied 
for the first six weeks of the semester. It was students’ first exposure to algorithmic-based solutions and it 
was met with great enthusiasm by students and lecturers alike. This enthusiasm filtered through to 
assessments and the assessment resultaveraged60%.  

Once the students could solve problems using Scratch, it was hoped that the learning could be transferred 
from the Scratch context to an algorithmic problem solving context. As transfer of knowledge is integral to 
teaching-and-learning [11] it was thought that problem solving skills applied in Scratch would assist students 
to develop solutions using pseudo code and flowcharting. 

4.2. From Scratch To Formalised Problem Solving 
The students were given an opportunity to understand how to develop solutions using pseudo code, seen 

to the left of figure 2 below, and flowcharting.The transfer of learning consisted of students being given 
similar problems to those seen in Scratch, as seen to the right of figure 2 below. The technique used for the 
transfer was “hugging”. Once students got used to the idea of developing solutions using formalised problem 
solving tools, it then became mandatory for them to develop solutions using such tools. 

Students struggled to develop solutions formally. Instead of the learning being transferred from one 
context to another, students were bewildered and were not sure how to design and implement solutions using 
pseudo code and flowcharting. Consequently, the first set of learner assessment results waspoor with the 
average totalling 29%. However, after two additional tests the average increased to 34%. Additionally, 
students’ results for problem solving in the exam averaged at 43%. These results were however, much lower 
than the Scratch test results. Even though students had previously solved such problems using Scratch it was 
clear that students struggled to solve the same problems using more formalised problem solving techniques. 
The transition from interactive tool to formalised problems solving was not as seamless as was expected. 

 
Fig.2: Mediated Transfer Using Hugging 

After having much success using Scratch, especially as research indicates that interactive tools do assist 
students in learning fundamental computer programming concepts, the findings below indicate that computer 
programming concepts cannot easily be transferred from one context to another. 



5. Findings  
Data related to students Scratch test results and their problem solving exam results was collected and 

analysed using a box-and-whisker plot in combination with a paired-samples t-test[14]. The findings reveal 
the following: 

5.1. Box-and-whisker Plot 
As a box-and-whisker plot reveals how the numbers in a distribution are arranged, and where the 

majority of such numbers are located[14], the researchers felt it appropriate to illustrate the findings using 
plots. Figure 3 below illustrates a box-and-whisker plot, where the first plot indicates students’ Scratch test 
results, and the second plot indicates students’problem solving exam results. These results indicate that the 
lowest score for the Scratch test was20%, the highest score was 93%, and the median score (50th percentile) 
was 60.35%. The lowest score for the problem solving exam was5%, the highest score was 80%, and the 
median score (50th percentile) was 42%. The median decrease in scores was 18.35%. 

 
Fig. 3: Box-and-Whisker Plot 

5.2. Paired-samples t-test 
A paired-samples t-test, as illustrated in table 1 below, was conducted. There was a statistically 

significant decrease in the problem solving scores (N = 84, M = 43.17%, SD = 15.55) compared to the 
Scratch scores (N = 84, M = 60.42%, SD = 17.96), t(83) = 7.996, P<.000 (two-tailed). The mean decrease in 
scores was 17.25 with a 95% confidence interval ranging from 12.95 to 21.53. The eta squared statistic (.43) 
indicates a large effect size. 

Paired Samples 
Statistics 

    

  Mean N Std. Deviation Std. 
Error 
Mean 

  

P
ai
r 
1 

Scratch_Percentag
e First test Scratch 
(percentage) 

60.4269 84 17.96349 1.95998   

 Prob_solve_exam 
Problem Solving 
exam 

43.1786 84 15.55492 1.69718   

Paired Samples 
Test 

         

  Paired Differences 

  Mean Std. 
Deviatio

n 

Std. Error 
Mean 

95% Confidence 
Interval of the 

Difference 

t df 

Sig. 
(2-
tailed) 

     Lower Upper 

P
ai
r 
1 

Scratch_Percentag
e First test Scratch 
(percentage) - 
Prob_solve_exam 
Problem Solving 
exam 

17.2483
6 

19.7698
3 

2.15706 12.9580
4

21.5386
7

7.996 83 .000 

Table 1: Paired-Samples T-Test 



Therefore, as there is a large discrepancy between the median of the box-and-whisker plots and the mean 
of the paired samples t-test, the results illustrate that transfer of learning did not easily take place. 

6. Conclusions and Recommendations 
Although educational theorists indicate that learning should be transferrable, and we almost expect 

transfer of learning to take place when formalised teaching-and-learning pedagogy is applied, it is important 
to acknowledge that this may not necessarily be the case. In this instance, using a pedagogical approach such 
as mediated transfer and an interactive tool such as Scratch was not enough to assist students in making the 
transition.To this end, further research will investigate whether factors, such as hands-on practice, learner-
centric pedagogies, increased collaboration amongst students, and metacognition may further improve the 
transition from Scratch to formalised problem solving. 
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