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Novice learners often use programming learning environments when learning to programme. Novice 

learners are children aged 6 to 12 who are inexperienced in programming learning. Examples of programming 

learning purposes include computer science learning and mathematical learning. It is also used to develop 

problem solving abilities and abstraction abilities. 

Thee programming learning environments have various characteristics. In this research, I identify 

characteristics of programming learning environments and investigate the learning effect based on the 

characteristics.  

Numerous programming learning environments are utilized for novice learners. First, I investigated the 

kinds of programming learning environments. I employed a Google Custom Search API with specific keywords. 

As a result, I got 800 search results. Then I extracted the programming learning environments by morphological 

analysis and visual observations, yielding over 70 environments for programming learning as examples, Scratch, 

Alice, and Greenfoot are used in a visual programming language, while CodeCombat and Minecraft Education 

Edition exist in game software.  

Previously, Kellaher et al. classified multiple programming environments, demonstrating that these 

environments have unique characteristics. However, environments including learning environments continue to 

be developed. Learning effects in programming learning environments have been shown in several studies. 

Several studies have shown that the learning environment called Scratch is suitable to improve learners' interest 

and passion for programming. Other studies have shown that using a game called Minecraft tends to improve 

programming skills. These studies suggest that the learning effect may depend on the method of programming 

learning and the learning environment. However, the issue is that these environments are used at the discretion of 

educators and learners. Moreover, it is unclear what kinds of learning effect are derived from the characteristics 

of each learning environment. Investigating the characteristics of learning environments should reveal the 

learning effect. Hence, I consider the programming learning environment for novice learners and investigate the 

learning effects based on characteristics. This can be used as information to maximize the learning effect of the 

novice learners. 

Furthermore, the research question is “How can novice learners maximize learning effects in 

programming learning? “.  Additionally, the goal of this research is to clarify the learning effect by grasping the 

characteristics of the programming learning environment. A novice learner can improve learning by achieving 

this goal. 

Chapter 1 highlights that there are over 70 kinds of programming learning environments, leading to 

issues with programming learning environments.  Additionally, I explain the my research outline and research 

goals. 
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Chapter 2 explains the taxonomy to evaluate multiple programming environments and shows the 

classification results based on the taxonomy. I create a taxonomy by defining items to classify programming 

learning environments by referencing Kelleher et al. Specifically, I optimized Kelleher’s table for learning 

environments and added the category. The taxonomy table divides the 56 items into 11 categories.  

Then I applied the taxonomy to classify several programming learning environments. Based on the 

results, I evaluated the characteristics in each environment, including the attributes of visual programming 

language environment and game software. I surveyed 43 kinds of environments with an emphasis on visual 

language and software that works alone on PCs or other devices to create a taxonomy table for programming 

learning environments. The proposed table can evaluate and compare such environments. The experiment 

confirms that the classification and evaluation results are independent of the evaluator. Therefore, this 

classification table helps users (learners and educators) to know the characteristics of the programming learning 

environment.  

Chapter 3 investigates the learning effect as a function of characteristics in the same environment. 

Herein the differences between visual and text input methods (Representation of code and Construction of 

programs) are investigated in the same Lua programming environment to determine if the input method 

influences the learning effect. There are many visual and text comparative studies. However, investigations 

including characteristics such as linguistic representation are scanty. This characteristics difference should affect 

learning effect. Specifically, I compare a combination of text  (Representation of code) and typing 

code(Construction of programs) with a combination of image (Representation of code) and 

drag-and-drop(Construction of programs).  

The results indicate that a visual input method is better suited for a novice to programming learning. 

However, the comparison results suggest that actions change the learning effect. Hence, the text input method 

can be used for programming learning of novice learners from the viewpoints of the representation of code and 

construction of programs in the programming environment. 

Chapter 4 investigates the characteristics of multiple environments as well as the learning effect of 

each environment. In this chapter, I consider the learning effect based on the characteristics of programming 

constructs and game elements, in addition to the characteristics discussed in Chapter 3.  

I conducted a quantitative evaluation by a workshop on six programming learning environments. The 

characteristics of the classification influence the learning effect. However, if the software involves "physical 

object" and "assembling physical objects," the learner may become bored as the workload increases. The three 

groups (visual programming language, game software, and physical environment) show a difference in attitude 

toward programming. The visual programming language tends to soften programming difficulty. Although 

environments with game elements tend to make programming more fun, they also increase perceived difficulty 

of programming.  
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Chapter 5 summarizes this thesis. In addition, I explain the future research,  

In the future research, the three main areas are to “propose and create a programming learning 

environment,” “optimize the characteristics and functions of the taxonomy table” and “create guidelines to select 

the appropriate programming learning environment.” As one future work, I am proposing an environment to 

predict learning effect from characteristics. I tried developing an environment that considers the learning effect. 

The proposed environment is an extension based on an existing environment. In this work, only partial 

environments or prototypes are implemented. Currently, I am working on expanding the function of this 

environment. 
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