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Abstract 

Use Case Modeling is a technique for handling the functional requirements in a 
software development project. The Use Case Model can serve as a means of 
communication between the different stakeholders in a project. It is used in planning 
the project and is updated and used during the project.  In order to reduce the 
possibilities for misunderstandings and differences in understanding, it would be 
useful to be able to evaluate to what extent the different stakeholders have understood 
the model and also to detect differences in interpretation. Low comprehension or 
differences in interpretation may indicate a need for more effort on specifying the 
requirements. If this is not feasible, it may be necessary to assume a higher risk when 
planning and estimating the project. We propose using knowledge on how humans 
understand text from cognitive psychology in the design of an experiment with a 
twofold goal: Investigate methods for measuring comprehension of Use Case Models 
and analyze the differences in understanding. 
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1   Introduction 

Requirements engineering is a critical part of the software development process. 
According to a survey carried out by the Standish Group1 incomplete requirements 
are the most important factor in explaining why software projects fail. In addition, 
problems related to requirements engineering are one cause of many of the other 
factors that the Standish Group found to be important, for example, changing 
requirements and specifications as described in [1]. Model clashes are another 
possible factor in failed software projects [2]. Different stakeholders in a software 
development project will often have different priorities. These priorities are reflected 
in different success models of the system. When the models conflict, the project 
encounters difficulties and may fail. 

An increasing number of organizations attempt to improve their requirements 
engineering process by adopting a particular technique called Use Case Modeling 
introduced by Ivar Jacobson [3]. The Use Case Model of a system should capture all 
the functional requirements of the system to be developed and provide a means of 
communication between the different stakeholders in a development project, i.e. 
clients, potential users of the system, managers and different groups of developers. 
Several notations exist [3-6] for Use Case Modelling. The notations differ with 
respect to the content of the templates that are used for describing the Use Cases and 
with respect to the degree of formalism. Independently of the notation used, different 
levels of abstraction are possible, so the requirements engineering team must make 
decide how much detail they want to put into the specification, both in terms of 
eliciting and describing the requirements.  
There is currently no detailed account of the cognitive processes involved in checking 
software requirements. While there are several studies on how programmers 
understand programs [7-14], we have not been able to find any studies on human 
understanding of Use Case Models. This lack of studies on Use Case Model 
understanding means that the guidelines and practices on how Use Cases should be 
described  to ease their understandability and provide a basis for a common 
understanding of the requirements, is highly subjective. A common understanding of 
the requirements may also reduce the possibility of a model clash. We intend to 
investigate how understandability of Use Case Models can be measured and how 
different stakeholders understand Use Case Models. We have recently started projects 
in two different organisations aimed at investigating this issue 

How people understand texts and construct meaning from them, have been studied 
for several years [15-17]. We therefore believe that knowledge about how humans 
understand text can provide important insight into how they understand 
representations of software systems in the form of Use Case Models.  

To summarize, the major challenge raised in this paper is: 

                                                           
1 http://www.standishgroup.com/chaos.html.  A study based on a survey of  US companies. 



Are there findings and methods from the research on how humans construct meaning 
from text that can be used successfully when studying how different stakeholders read 
and understand requirements specifications in the form of Use Case Models?  
This challenge includes: How can experiences from design of experiments on how 
humans construct meaning from text be reused in experiments on how requirements 
specifications in the form of Use Case Models are understood? 

The remainder of this paper is organized as follows. Section 2 summarizes related 
work. Section 3 gives a brief description of how humans understand text. Finally 
section 4 sketches an experiment for evaluating how different stakeholders understand 
Use Case Models. 

2   Related work 

Work has been done on evaluating the understandability of the syntax and semantics 
of languages for requirements specifications [18]. This work resulted in a set of 
guidelines for improving understandability of specification languages, applicable to 
designers of such languages and to specification developers.  

Perspective-Based Reading is a technique for detecting defects in requirements 
specifications [19-21]. The different reviewers of the requirements documents assume 
different perspectives when inspecting the documents. Several studies have been 
conducted in order to investigate the effects of this technique compared with 
checklists or "ad hoc" reading. The results from these studies are not conclusive, and 
this work differs from ours in that we are primarily interested in understanding, as we 
believe that to be a prerequisite for detecting errors and handling changes in the 
requirements. 

A set of guidelines for authoring Use Cases have been developed by the ESPRIT 
21.903 CREWS research project. These guidelines are intended to improve 
completeness and correctness and to avoid ambiguities. They were evaluated in [22]. 
The guidelines give some advice on level of abstraction, but they were not evaluated 
regarding whether they improve understandability of a Use Case Model. 

Much work has been done on program understanding which is similar to 
understanding a Use Case Model because both include understanding a text expressed 
with a particular notation. In both cases it is necessary with knowledge of the 
application domain, and of the syntax and semantics of the language used. There are 
differences due to programs being expressed in a formal language, while Use Cases 
are expressed in everyday language, only guided by a template. In addition, programs 
will only be understood by programmers, while people with a much more varied 
background should understand requirements. Research on program understanding 
indicates differences in understanding due to differences in knowledge of the domain, 
knowledge of the programming language and general problem solving strategy.  

There are several cognitive theories potentially useful for describing understanding 
and complexity. They may be useful to explain why some models are difficult to 
understand for people, depending on context and background. Examples of such 
theories are: 



• “Chunking theory”. A “Chunk" is a unit of knowledge that has become 
familiarized and has a place in the memory’s “index”. This theory has, for 
example, been used to explain  performance differences between expert and novice 
programmers in understanding a piece of program  [23]. 

• “Acceptability principles theory” [24]. According to this theory, difficulties in 
understanding are caused by the violation of some “acceptability principles”, i.e. 
commonly accepted rules for how things are to be understood. For example, in [25] 
the experienced programmers did only outperform the novices when the programs 
they had to change followed “accepted rules for programming”. If, for example, 
the program had functions and variable names that did not correspond with the 
content or function, there was no significant difference between the experienced 
programmers and the novices. 

In addition to these theories there are a lot of other theories and findings within 
cognitive science and psychology that may be useful for our study. In this paper, 
however, we have attempted to use Schema Theory [15], a theory of how humans 
understand text, and we investigate how this theory can be applied to the 
understanding of Use Case Models.  

3   Schema Theory applied to the understanding of Use Case 
Models 

Schema Theory is a frequently used theory in studies on how humans understand text.  
Schema Theory was introduced by Bartlett in 1932 [15]. He discovered how 

people’s understanding and remembrance were shaped by their expectations. He 
suggested that these expectations could be modeled using schemata. 

A schema is defined in [16] as an abstract knowledge structure in the sense that it 
summarizes what is known about a variety of cases that differ in many particulars.   

Schemata are used to make inferences while we read, and inference drawing is a 
prerequisite for comprehension. The readers create a mental model of the situation 
and events referred to in the text. A cognitive schema is invoked when we are 
confronted with a small element of the schema. The schema will then have an 
important influence on how the rest is understood. Schemata are built from past 
experience.  

A simple example is a schema for "Buying a book on the Internet". If we imagine 
two stakeholders that are involved in the development of a bookshop on the Internet, 
the stakeholders may have different schemata for "buying a book on the Internet". 
One of the stakeholders may have acquired his schema only from buying books in 
"real" bookshops. The other stakeholder may have experience as a bookseller and a 
schema acquired from that experience. 

The first stakeholder's schema may include the following: 

1. Place order 
2. Pay  
3. Receive order 



The second stakeholder's schema may include: 

1. Receive information about books 
2. Register as customer 
3. Place order 
4. Receive information about alternative methods of payment 
5. Select method of payment 
6. Pay  
7. Receive order 

Due to different experiences in the past, different stakeholders will have developed 
different schemata and may consequently interpret the Use Cases Model differently.  

The effects of different stakeholders using different schemata may result in the 
following: 

• Terms will have different meanings for different people 
• Elements are left out because it is believed that they are so obvious that it is not 

necessary to explicitly include them 
• Misunderstandings 

Detienne [9] used Schema Theory in the design of an experiment aimed at analyzing 
the cognitive mechanisms involved in program understanding. She found that the 
programmers used schemata related to domain knowledge together with schemata 
related to programming. She found that differences relating to which schema where 
used in a situation depended on the programmer's experience. 

Pressley and McCormick present a number of experiments where people have read 
stories and found different inconsistencies or have remembered different things 
according to which schema they used [17]. They also referred to experiments that 
showed that the participants accepted sentences to be in the text when they were not, 
but fitted their schema.  

We believe that Schema Theory is potentially useful in a study of the 
understandability of Use Case Models. Schema theory shows that the reader's 
schemata may be as important as the text itself in determining how a text is 
understood. The theory stresses the importance of understanding which models the 
readers use in order to be able to increase their understanding of what is read. These 
results are important input to our study. Schema theory also allows us to reuse 
experimental design from other fields, and we will have the possibility to compare our 
results with existing work. In addition to Schema theory we intend to identify and 
evaluate other theories and findings within cognitive science and psychology which 
may be useful for our study.  

A Use Case Model consists of a graphical overview, a Use Case Map, and 
narratives describing each Use Case. We will examine the understandability of both 
parts in our experiment. Literature on diagram comprehension [26-27] has been 
searched for theory or methods that could be used in investigating how Use Case 
Maps are understood. We consider this work less relevant in our context because Use 
Case Maps use very few symbols and has a very limited syntax compared with most 
diagram techniques. 



4   Experiment 

We plan to carry out an experiment with the following two goals: 

• The primary goal is to evaluate different experimental designs that can be used in 
the design of a method for  detecting differences in the understanding of a Use 
Case Model.  

• The secondary goal is more exploratory, it is to detect differences in understanding 
of a Use Case Model, differences in the schemata that are used and possible 
reasons for these differences, and to get indications regarding how notation and 
level of detail in the Use Case Model influence understanding.  

This section describes the first version of an experimental design. The design is 
inspired by experiments on understanding text referred to in Bartlett [15] and Pressley 
and McCormick [17] and by experiments on program understanding performed by 
Von Mayrhauser and Lang [7] and Detienne [9]. The design of the experiments on 
Perspective-Based Reading [20] will also be used to further elaborate this design.  
 
Hypothesis 
• It is possible to find an optimal level of detail for the Use Case Model for a specific 

purpose and under given circumstances.  
 
Subjects 
The subjects will be different stakeholders in a software development project.  

There will be approximately 20 subjects. The subjects will have varying experience 
and knowledge about the application domain, and varying experience and training in 
Use Case Modeling. 
 
Artifacts 
The subjects will be presented with Use Case Models describing the functional 
requirements of two small applications. The following variations of Use Case Models 
will be used.  

• Use Case Maps with highlevel Use Case templates.  
• Use Case Maps with relations between Use Cases and expanded Use Case 

templates with scenarios. 

The first variant represents a typical description of a Use Case Model developed very 
early in the project, while the second variant is more elaborate. 
 
Method of investigation 
The primary goal of the experiment is to find a method that can be used to assess 
comprehension and detect misunderstandings and differences in interpretation. 
Several methods will be used and evaluated. A combination of methods may be used 
for each subject. The methods are: 

• Think-aloud protocol [7]. The subjects are encouraged to say what they are 
thinking when reading and understanding the Use Case Model.  



• Questions [9]. After reading the Use Case Model the subjects respond to questions. 
The questions should indicate comprehension and ability to use information 
extracted from the Use Case Model.  

• Reproduction [15]. The subjects will be asked to describe  the Use Case Model in 
their own words after having read it.  

• Inconsistencies and lack of precision in the Use Case Model [17]. Deliberate 
inconsistencies and lack of precision will be introduced in the Use Case Model. 
The experiment will investigate, through questions after the subjects have read the 
Use Case Model, whether there are differences in the inferences made when 
information is lacking, and if there are differences in how many 
errors/inconsistencies are found by the different stakeholders. 

For all methods, the goal is to detect differences in the schemata, the search strategies 
and differences regarding which inferences are made. 
 
Threats to validity 
The following may represent threats to the validity of the results: 

• Few subjects mean that they will study the Use Case Models individually. This 
situation may differ from how they usually read requirements documents. The 
limited number of subjects may also make it difficult to obtain statistical validity. 

• Each subject will investigate several Use Case Models. There may therefore be 
learning during the experiment, which may affect the result.  

• The Use Case Models used in the experiment will describe the functional 
requirements of two small applications. These Use Case Models may not be 
representative of other, larger applications. 
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