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Abstract. Empirical experimentation and inferential statistics are often perceived 

as challenging among students and researchers. Yet, empirical experiments are 

highly relevant and appropriate methods in several areas of ergonomics and hu-

man computer interaction. This paper argues that the traditional research proposal 

written in prose is an ineffective mechanism for ensuring sound experiments. 

This paper discusses the idea of tool-based support for the design of quantitative 

experiments. The objective of an experimental design tool is to help the experi-

menter make correct and wise decisions early in the process by providing feed-

back on ideas at early stages. We discuss the benefits of the IDE (Integrated De-

velopment Environment) paradigm as a platform for designing quantitative ex-

periments.  
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1 Introduction 

The collection of empirical evidence through quantitative experiments is often viewed 

as challenging for both students and formally trained researchers. Knowledge about 

statistics is usually acquired during one’s education, and the challenges associated with 

teaching statistics are acknowledged in several studies [1, 2]. Various pedagogical ap-

proaches have been explored for improving statistics education such as problem based 

learning [3]. 

One of the most common challenges in inferential statistics includes misconceptions 

about significance and so-called p-values [4]. Another common challenge is selecting 

the appropriate test for a given problem [5]. These problems are not only common 

among students but also among researchers as several studies have revealed the incor-

rect use of statistics in scientific papers written by formally trained researchers [6, 7]. 

In some cases, parametric tests are used instead of non-parametric tests although the 

assumptions for the parametric tests are not satisfied. In an attempt to remedy the situ-

ation, practical guides have been published such as McCrum-Gardner’s useful tables 

[8] which clearly show which test to use given the datatype of the observations. 



Although perceived by many as difficult to apply, quantitative methods are often 

highly appropriate in research projects. For example, the authors of this article have 

employed statistical methods for a wide range of problems, including the study of stu-

dents’ coursework practices [9], cross cultural comparisons of students [10], choice of 

university life [11], university preferences [12], and specific study tool preferences 

[13]. Other examples include the quantitative study of phonetic perceptions [14], speak-

ers’ ability to communicate emotions in a second language [15], and pronunciation 

traits of language learners [16]. 

Computer science research often involves the building of proof-of-concept systems 

[17, 18] where one measures performance or accuracy [19, 20]. Such systems are often 

deterministic and give identical results if an experiment is repeated. Human computer 

interaction is considered a subarea of computer science covering further subareas such 

as accessibility [21]. The trait of human computer interaction research is the study of 

humans’ interacting with systems. Although such systems can be studied using classical 

mathematical concepts such as graph theory [22], heuristic evaluation [23], and docu-

ment studies [24, 25], inferential statistics is usually applied as humans are diverse and 

one rarely obtains the same results when testing with different individuals. For example, 

our own research includes the study of text entry rhythm [26], menu-driven text input 

[27], search systems [28], gesture input [29], directional selection biases [30], text input 

with joysticks [31], and chording [32, 33]. In other words, there is a demand for infer-

ential statistical knowledge among students and researchers. 

 

 

Fig. 1. Experimental design workflow.  

2 Weaknesses of Research Proposals 

In many study programs, especially at master level, it is common for students to write 

research proposals which are subject to an approval process before students are allowed 

to start the research project. The objective of such proposals is to help identify weak-

nesses so that these can be identified early and reducing the risk of project failure. Re-

search proposals are also common in the research system, for instance, when applying 

for funding. 

Although the intention of such proposals is laudable, it is our opinion that there are 

several challenges associated with research proposals. First, a proposal is usually writ-

ten as prose, with verbose descriptions of introduction, literature background, method-

ological explanation, and timelines. A problem with prose is that it may be hard to 

interpret and analyze in a structured manner as the information is presented in an ad-
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hoc and non-standard way spread throughout the text according to the authors prefer-

ences. The reader may therefore risk overlooking certain important details. Moreover, 

prose can be ambiguous and the reader may perceive something different than what the 

author intends to communicate, causing potentially problematic issues to go undetected. 

Moreover, the subjective nature of the textual descriptions means that both the readers 

and the authors may focus on less relevant passages of the text. 

Another problem is the inexperience of some proposal authors. It is easy to elaborate 

on the easy part of a project and postpone more difficult issues such as details regarding 

data analysis. It is not uncommon for students to jump into an experiment without a 

clear idea about how the data is to be analyzed, and some data simply cannot be easily 

analyzed with the available methods.  

It is even more problematic if the reader, or assessor, is inexperienced. Clearly, the 

statistical knowledge of researchers varies greatly, and it is natural to assume that many 

proposals have been approved by assessors with insufficient knowledge.  

Another issue is the lack of suitable statistical software packages. There are several 

comprehensive commercial packages such as IBM SPSS, which may seem daunting to 

use for beginners and inaccessible for many due to its cost. Open source alternatives 

such as R-Project are quite cumbersome to use for complex mixed analyses of variance. 

Excel is therefore a popular tool which has several simple statistical procedures built 

in, but Excel has also received criticisms [34]. More recently, a promising open source 

alternative JASP [35] has emerged which has an interactive explorative user interface, 

and it supports commonly needed statistical tests. We have therefore recently started to 

use JASP in our teaching. 

Requirement specifications can be used as an analogy to illustrate the problems with 

research proposals. A traditional software requirement specification was unstructured 

and written in prose and very hard for readers to visualize, understand, and assess. Con-

sequently, rapid prototyping emerged as it is much easier for customers to assess a set 

of specifications expressed as a prototype. 

We thus argue for introducing computer assisted tools that allow inexperienced ex-

perimenters to assess their project ideas early on before committing to particular design 

decisions (see Fig. 1). 

3 Statistics IDE 

Integrated Development Environments (IDEs), such as Eclipse, Netbeans, etc., are the 

de facto paradigm for developing software. They have also proved useful in teaching 

programming to students [36]. An IDE revolves around a code editor with syntax high-

lighting that allows the programmer to easily see if an identifier or variable is spelled 

incorrectly [37] and proper indention clearly reveals the code structure [38]. Modern 

development frameworks also strive for reduced coupling and increased coercion by 

clearly separating different elements such as the model, view and controller [39]. 

Another powerful feature of IDEs is the integration of compilers and code analyzers. 

By compiling the program, the programmer receives immediate feedback on the valid-

ity and correctness of the program and warnings when the programmer makes decisions 

that are often associated with bad practices. In this way the IDE contains knowledge 



about good software development practices which is shared with the programmer on 

demand. 

The immediate feedback as the program is typed stands in stark contrast to early 

computing where students had to prepare their programs on punch cards and wait sev-

eral days before getting the results back from a computer operator. However, practices 

with research proposals bear similarities to the punch card workflow as the experi-

menter usually does not receive feedback before it is too late. 

We propose the idea of employing the IDE paradigm to the specification of empirical 

experiments. Key issues that need to be specified are the independent and dependent 

variables and their datatypes, for example, interval, ordinal, or categorical. The experi-

menter needs to define if the independent variables are within-groups or between-

groups. Another key attribute is to define how many participants one intends to recruit. 

Given such a definition, it is possible to automatically detect if the definition is in-

complete with information missing, in which case the experimenter can be notified and 

given a chance to correct the definition. If the user is unfamiliar with terms such as 

within-group design, the IDE can provide contextual help. 

In addition, it is also possible to automatically provide feedback if an experimental 

design is not feasible, such as a multifactor mixed model design requiring non-para-

metric tests. Next, the experimenter can be given suggested experimental plans based 

on the design, that is, randomized treatment orders for within-group designs, and ap-

propriate tests suitable for the design can be suggested.  Moreover, the tool can synthe-

size dummy data which the experimenter can test using one of the many statistical tools 

available. Thus, an important characteristic of this tool is that it can be disconnected 

from the actual statistical analysis of later stages which may be performed with state-

of-the-art statistical software packages such as R-Project, SPSS, or JASP.   

4 Conclusions 

The paper argues for employing the IDE paradigm to the design of empirical experi-

ments. The IDE allows experimenters to get early feedback on their ideas based on a 

knowledge base for experienced statisticians, thereby preventing experimenters from 

committing to an experiment before all the necessary details of the experiment are spec-

ified and validated. 
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