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Abstract

This paper is a survey of current research on visual languages in the context of 
natural programming. The goal of such research is to improve the interaction of 
users with programming languages by creating technologies that make this 
exchange more “natural” – closer to the way nonprogrammers expect the 
software to work. 

In order to provide a broad overview of this research, typical programming tasks 
are identified. These include writing a new program and making changes to an 
existing program. What follows is a discussion of the problems that arise when 
these tasks are carried out using the methods currently available, such as the 
difficulties of learning the syntax of a new programming language. Then, a 
solution to these problems is presented for each task. The common theme in all 
of the solutions is that they somehow facilitate the interaction between the human 
and the computer by making it more “natural” with the aid of visual expressions. 
Each of these solutions is accompanied by a brief summary of the evaluation of 
the research. Finally, prospects for future work on this topic are discussed.   
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Introduction

What is Natural Programming?

Originally, the main concern when designing a programming language was 
functionality. Designers never really considered usability issues – such as 
whether the language is easy to learn or whether it allows users to identify errors 
in the code efficiently. Thus, users of modern programming languages face all 
sorts of problems when attempting to carry out basic tasks, such as writing code 
for a simple sorting algorithm.   

According to Myers [7], the problem is that despite advances in human-computer 
interaction research, not much has changed in the field of programming language 
design. The same mechanisms are currently used for looping, conditionals, 
assignments, and debugging as have been used for the past 60 years.  

Given the circumstances, it may be time to consider how nonprogrammers 
envision their interaction with software and then use this insight to design more 
user-friendly programming languages. This endeavour is called natural 
programming and could be defined as follows: “the Natural Programming 
approach is an application of the standard user-centered design process to the 
specific domain of programming languages and environments” [7]. 

What is a Visual Language?

Programs are generally defined using textual elements – by writing lines of code, 
which are instructions to the computer. However, this may not be the most 
efficient way to create software. An alternative method is to specify programs by 
manipulating graphical elements. Therefore, a visual language is a programming 
language that requires the user to arrange a set of visual expressions in virtual 
space in order to specify the actions that are to be performed by the computer. 

Previous work

Myers [7] offers an introduction to natural programming languages and 
environments, discussing the motivation behind the endeavour and presenting 
two examples of technologies that adopt this approach to programming language 
design. However, there are no papers that examine the issue of natural 
programming on a broader scale – looking at various programming tasks – and 
especially with reference to visual languages as possible solutions to current 
usability problems in human-programming language interaction.
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Present work

In this paper, I give an overview of natural programming – and in particular, 
visual languages – by considering four typical programming tasks, outlining 
problems that arise when users carry out these tasks using the current available 
methods, and then presenting a more “natural” solution to these problems. I also 
provide an evaluation of each solution and discuss future work that could be 
done on visual languages and natural programming.
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Programming Issues

The following is a discussion of several typical tasks that are carried out by a 
user of a programming language. Problems with each task are identified and a 
solution is proposed, along with an evaluation of the solution.  

Programming Tasks

1: Writing a new program

Problems

Creating a new program is arguably the most basic task that a programmer can 
perform. However, even beginning to write code can be highly problematic, given 
the current programming languages. The problem that novice programmers 
encounter is learning the complicated syntax of a given language. This usually 
consists of memorizing conventions and rules regarding how to combine strings 
to generate meaningful code – for example, where to put brackets or semi-
colons. 

Moreover, even a slight error in the code – a missing comma, for example – 
could cause syntax errors, which means that the program will not work properly. 
This often causes the programmer to become frustrated. As a result, many 
students who begin to learn about programming eventually give up and lose 
interest. That is why it has been found that incoming Computer Science majors in 
U.S. colleges declined more than 60% between 2000 and 2004, as reported in a 
promotional video for “Alice” software (www.alice.org).

Solution

Researchers at Carnegie Mellon University (CMU) have created a 3D 
programming environment that engages novice programmers by reducing the 
complexity of details that must be learned [2] [3]. This educational software is 
called “Alice” and it is an example of a commercially successful visual language. 

It works by having users add 3D objects to a virtual world and write programs to 
generate animations. It is essentially an object-oriented programming language, 
like Java. However, it has an interactive interface that displays an object tree of 
the objects in the current world, the initial “scene”, a list of events in the world, 
and a code editor. Users write programs by using the mouse to drag and drop 
graphical tiles into the editor. These visual expressions correspond to instructions 
in a standard programming language – such as assignment statements, loops, 
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conditionals, and so on. Users can run their animation immediately to see the 
results of their work.  

Therefore, “Alice” has two major benefits: 

(1) it prevents the user from making syntax errors by restricting the coding 
process to dragging and dropping syntactically correct visual expressions;

(2) it provides constant feedback through 3D animations, which allows the 
user to quickly identify errors and fix them. 

The result is that the initial frustration of learning a new programming language is 
greatly reduced.

Evaluation

“Alice” software has gained commercial popularity and it is used as a teaching 
aid in many U.S. schools. However, empirical user studies have also been 
conducted in order to evaluate the effectiveness of this product. 

In Cooper [3], the following experiment was conducted: in the 2001-2002 school 
year, 21 of the weakest CS majors at Ithaca College and Saint Joseph’s 
University were invited to take a course that introduces programming concepts 
using “Alice” software. This course was taken prior to, or concurrently with, CS1, 
which is a basic computer science class. 

11 of the 21 students took the course and 10 did not. 

The results indicate that the students who took the “Alice”-based course had a 
much higher grade in CS1 than those who did not take the course. Moreover, of 
the 11 students who took the course, 91% proceeded to take the next computer 
science class, CS2. Of the 10 students who did not take the course, only 10% 
continued on to CS2. 

2: Debugging a program

Problems 

Although this task continues to be one of the most common and costly 
programming activities, little has been done over the past 30 years to improve 
debugging techniques [4]. Programmers continue to manually introduce print 
statements to display program output at different stages and use breakpoints and 
code-stepping to figure out why their program does not function properly. 
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It has also been found that many errors come from false hypotheses that users 
have about existing errors in their code [4]. In other words, since users are 
unable to properly identify the problem, they can jump to false conclusions about 
why their program is not working, which leads to even more errors when users try 
to fix a problem that does not exist. 

Solution

In response to these concerns, researchers at CMU have devised a novel 
paradigm called “Interrogative Debugging” (ID) [4]. It directly addresses the issue 
of hypothesizing about program errors by allowing the user to ask “why did” and 
“why didn’t” questions about their program’s runtime failures.  Thus, any implicit 
assumptions about what did or did not happen are made explicit. 

In order to test this paradigm, the authors developed Whyline – a Workspace that 
Helps You Link Instructions to Numbers and Events. It is a system for debugging 
programs written in “Alice”, which was introduced in the previous section. Once a 
world is run, a Question Menu appears where the user can make queries 
regarding runtime events. The user can select “why did” or “why didn’t” questions 
from a hierarchical drop-down menu, such that code related to the question is 
highlighted. 

Once a question is asked, the system analyzes the runtime actions that did or did 
not happen and provides an answer to the question by displaying a graph of the 
actions that are relevant to the problem, while excluding irrelevant actions. 
Therefore, the user simply needs to examine the execution history that is 
presented in order to locate the error.  

Evaluation

A user study that was conducted in Ko [4] evaluated the overall usefulness of 
Whyline. To investigate this question, 9 participants were asked to make a Pac-
Man game with 6 distinct specifications. Whyline was made available to 5 of the 
participants, while the other 4 had to use regular debugging strategies. 

The results show that Whyline significantly decreased debugging time, by an 
average factor of 7.8. Also, participants that used Whyline were able to complete 
more tasks within the allotted time period. More specifically, there was a 40% 
increase in the tasks completed. 
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Additional Research

It is worth mentioning here that research on Interrogative Debugging was 
continued at CMU in the form of Crystal – Clarifications Regarding Your Software 
using a Toolkit, Architecture and Language [7]. The authors of Whyline extended 
their framework to other domains, using Microsoft Word as an example of a 
modern application that has many automatic features that often remain hidden 
and mysterious to the user. The purpose of Crystal, then, is to make all these 
features “crystal clear” by allowing the user to ask “why did” and “why didn’t” 
questions.

3: Making changes to a program

Problems

Once a program is already written, the programmer often needs to make certain 
modifications to the code. For example, one might need to fix a bug that has 
been detected, or to change the functionality based on new design requirements. 
However, even a conceptually simple change could require numerous edits and 
could have far-reaching effects [1]. This makes the task tedious and creates the 
risk of introducing errors into the code. Although some tools have been designed 
to address this problem and to automate the transformation process, most of 
these have not been very successful, due to their difficulty of use. 

Solution

In response to this problem, researchers at the University of California at 
Berkeley have developed a novel program manipulation paradigm that makes 
use of visual expressions to support a broad range of code-changing tasks, 
which are now carried out in an intuitive manner [1]. The visual language that 
was created is called “iXj”. It represents patterns visually by surrounding code 
fragments (in Java) with labeled graphical boxes. Each box marks a structural 
entity – such as an object, a method, or a set of arguments. Inside the boxes, 
patterns can contain not only code fragments, but wildcards that match a broader 
set of structural elements (for example, all objects whose type is a subtype of 
java.util.Vector). Below the visual representation of the pattern is a transforming 
action that is specified by the user and that is presented in a shaded input field. 

The “iXj” prototype was implemented inside Eclipse. The main addition was the 
Transformation Editor, which allows the user to manage the transformation 
patterns and the actions to perform. Also, the standard Eclipse views were 
augmented with pattern matching and transformation feedback, highlighting 
matches in the source code. 
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Evaluation

In order to evaluate the usefulness of the visual transformation language, 
Boshernitsan [1] conducted a usability study with 5 Java programmers. 
Participants were first trained to use the transformation system. Then, they were 
asked to complete a short code editing task and to fill out an evaluation 
questionnaire.

The results of the study indicate that the participants’ performance increased with 
experience with the tool. According to the results of the questionnaire, 
programmers found the interface to be intuitive, easy to learn and effective on the 
code editing task. 

4: Visualizing ideas as program code

Problems

Although it would be very useful to be able to transform a mental plan in familiar 
terms (natural language, for example) into one that is compatible with the 
computer, this task is a difficult one. Moreover, this issue is related to the concept 
of direct manipulation, which is a key principle in making user interfaces easier to 
use [7]. The problem is that there is currently no simple way to express ideas that 
are in the user’s language directly as programming code. There must always be 
an intermediate step of converting descriptions of what the program should do 
into executable code.  

Solution

In response to this problem, researchers at MIT have developed a visualization 
tool called “Metafor” [5], which automatically performs a conversion between a 
story that the user writes in natural language and program code. This code, 
however, is not actually executable. Rather, the system generates scaffolding 
code that is underspecified, but succeeds at providing the user with immediate 
feedback about what their code roughly looks like. As the user enters a story into 
“Metafor”, the system continuously generates a “visualization” of the text in the 
form of an outline of the code (a skeleton). 

Currently, the “Metafor” interface consists of four windows: (1) where the 
narrative is being entered; (2) interaction log that records the full story; (3) a 
representation of the parse tree, for debugging purposes; and (4) the generated 
code, in Python. 

According to the authors, “Metafor” achieves the following two goals:

(1) it helps novice programmers get started on their program;
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(2) it helps intermediate programmers with brainstorming, before they 
attempt to write the actual code.

Evaluation

In a 13-person study performed in Liu [5], both nonprogrammers and 
intermediate programmers were asked to estimate the time it would take them to 
program a simple Pac-Man game. Then, they were asked to write a short story 
describing the game using “Metafor” and then re-estimate the task completion 
time to see if there was any improvement. Participants were also asked how 
likely they were to brainstorm with “Metafor” versus paper. 

The results show that nonprogrammers estimated a 22% reduction in task time 
when using “Metafor”, while intermediate programmers estimated it to be 11%. 
Also, nonprogrammers rated themselves as “likely” to “very likely” to use 
“Metafor” for brainstorming. Intermediate programmers were more confident in 
their paper brainstorming skills, but they still indicated that they were 31% more 
likely to use “Metafor”. 
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Summary and Future Work

This paper represents a first attempt to provide a broad overview of the topic of 
natural programming and visual languages. The typical programming tasks that 
have been identified are by no means exhaustive and there may be other tasks 
that are unreasonably difficult to carry out using current programming languages 
and environments.

Hopefully the problems raised in this work illustrate the need for a more “natural” 
approach to programming language design, exemplified by the use of visual 
expressions to specify program instructions. Of course, there may be other ways 
to achieve the goals of natural programming and it is important to explore these 
alternatives in future research. 

The following is a list of questions that could form the basis for future work on 
visual languages and natural programming:

• Can we create a visual programming language, such as “Alice”, that would 
rival standard programming languages (e.g., Java) in its functionality? 
Could such a language replace the currently dominant programming 
paradigms?

•  Can we create a system that converts stories written in natural language 
into executable code (as opposed to just “scaffolding” code)?

• Can we create a debugging interface where the user is not restricted in 
the questions that could be asked? Instead of selecting “why” or “why not” 
questions from a menu, could a user be able to type in a question of their 
choice and get a response from the program?
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