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Abstract 
 

 
Software Inspection is an effective and efficient method aiming 

at discovering faults within software artifacts early in the 

development lifecycle. The success of software inspections is 

highly dependent on reading techniques that guide the reviewer 

through the individual inspection. In other words, reading 

techniques help the reviewer during the inspection process. In 

this thesis a quite new reading technique, namely usage-based 

reading, is further evaluated. A reviewer who applies usage-based 

reading is guided by a set of prioritized use-cases. Hereby the 

use-cases are ranked according to their importance from the point 

of view of the user. Thus, the reviewers inspection effort is 

focused on the parts of the document that concern the most 

important functionality from the user’s perspective. The 

particular goal of this study is to figure out whether time-budgets 

assigned to each use-cases lead to improvements in inspection 

performance expressed in terms of efficiency, effectiveness and 

fault content. This concept is called time-controlled reading. The 

time-budget determines that a particular use-case must not be 

inspected longer than a certain number of minutes. Initially the 

assumption was made that time-budgets lead to performance 

improvements because the reading process can be better planned 

in forehand, that means most time is spent on the most important 

use-cases and all use-cases are utilized within the given 

inspection time. However, the result of this study contradicts that 

assumption. I found that both techniques are equally efficient and 

effective and that they find the same fault content. The reason for 

this is that the techniques are still quite similar and that the time-

budgets assigned to the use-cases did not allow the subjects to 

thoroughly investigate the use-cases because they struggled with 

the unknown application domain. This is at least the case for 

lower ranked use-cases with smaller time-frames. As a 

consequence of this, one can claim that the results might have 

pointed in favor for time-controlled reading when people familiar 

with the application domain would have done the same 

experiment.  

 

Keywords: Software-Inspections, Use-Cases, Reading-

Technique, Experiment. 
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 Chapter 

1. INTRODUCTION 
1 

 

 

The aim of this chapter is to give a short introduction to the topic of usage-based reading as 

well as the motivation for this thesis. Moreover, the objectives including the research 

questions and the research methodology used to achieve the research goals are presented. 

Thereafter the outline of the thesis is described. 

 

1.1. Background 
 

Software verification and validation techniques are divided into two major groups, 

namely static and dynamic. Static techniques do not depend on executable 

software artefacts whereas dynamic techniques require executable programs. 

Software inspections belong to static verification and validation techniques. 

Alongside with reviews and walkthroughs they are a visual examination of  

manifold software artefacts such as requirements specifications, test-plans, 

designs, use-cases and code. There is high potential to discover faults early 

because software inspections can be applied on all artefacts produced within the 

software development lifecycle. Thus the removal of those faults is cheaper 

because less rework has to be done. In their summary of research conducted in the 

area of software inspections within the last 25 years, [Aurum et al. 02] found that 

researchers agree on the fact that software inspections is an efficient fault detection 

technique which helps to improve software quality and to reduce development 

costs.  

The original software inspection process was proposed by Michael E. Fagan in 

his widely recognized IBM article from 1976 [Fagan76]. This process was the 

basis for further work done on software inspections. Since then two major areas of 

research have developed over the years. First of all, researchers investigate 

changes in structure of the original process proposed by Fagan (e. g. Two-Person 

Inspection, N-fold Inspection, Inspection without meeting). Secondly, researchers 

explore different new ways on how to support particular phases of the inspection 

process (e. g. reading techniques, electronic support, re-inspection support) 

[Aurum et al. 02].  

This thesis contributes to the second group of research. In particular, the quite 

new reading technique usage-based reading is further investigated. It was first 

evaluated experimentally by [Thelin et al. 01]. The basic idea behind this 

technique is to focus the inspection effort on those parts of a software artefact that 

are considered as most important from a user’s perspective. Faults within the most 

important parts of the artefact have a significant negative impact on the perception 

of the software’s quality from the point of view of the user. Thereby, prioritized 

use-cases guide the reviewer through the document, i. e. he tracks the 

corresponding parts in the document under inspection and checks whether the 
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document fulfils the goals of the use-case. By following the use-cases in 

prioritized order, the reviewer first focuses on the most important use-cases from 

the user’s perspective and thus it is assured that the important functionality from 

the point of view of the user is checked properly [Thelin et al. 01].   

1.2. Motivation and Contribution 
 

In their book “Quality: From Customer Needs to Customer Satisfaction” 

[Bergman&Klefsjö03] define quality as “the ability to satisfy or exceed the needs 

and expectations of the customers”. Users of software-products expect these 

products to be free of serious faults. As [Sommerville02] points out, users today 

have become less fault-tolerant. On the other hand, most software projects are 

characterized by tight schedules and budgets. Based on this fact, one could reason 

as follows: If software companies want to produce high-quality products within 

given times and budgets and thus have satisfied customers, they require techniques 

that are efficient and effective in discovering faults within their products, so that 

they can be removed before the distribution to the customer takes place.  

Since usage-based reading is quite new, it was not studied in an industrial 

context. However, it was evaluated in a series of experiments checking whether 

the new technique is promising and thus should be tried out in the real world. In 

fact several experiments [Thelin et al. 01, Thelin et al. 02, Thelin et al. 03a, Thelin 

et al. 04, Winkler et al. 04] have shown that usage-based reading is a promising 

new technique in respect of effectiveness and efficiency in finding the most crucial 

faults. As described before, usage-based reading utilizes use-cases as a guidance 

for reviewers in order to focus on the most crucial parts from the user’s 

perspective. Hereby [Thelin02] presents two different possibilities of how to 

utilize the use-cases, i. e. rank-based reading and time-controlled reading: 

 

• Rank-based reading: The use-cases are sorted according to their importance 

from the user’s perspective and they are utilized in prioritized order during the 

inspection without over jumping a use-case.  

 

• Time-controlled reading: A time-budget is assigned to each use-case based on 

the relative importance of the use-case (i. e. high importance means more time 

to inspect the use-case).  

 

In all previous experiments rank-based reading was used. However, it is 

assumed that the latter alternative (time-controlled reading) is an improvement of 

usage-based reading (rank-based). The motivation for this is that unlike rank-based 

reading, time-controlled reading allows detailed planning of the inspection 

process. Thus when having a limited time-frame for the inspection (e. g. no more 

than two hours) the inspection could be planned in a way that most time is spent 

on the most important use-cases and that all use-cases are taken into consideration 

during the inspection. On the other hand, when using rank-based reading it is up to 

the reviewer how much time he spends on each use-case. As a consequence one 

can hypothesize that time-controlled reading shows better performance than rank-

based reading when having a limited inspection time available. In order to figure 

out whether this is the case in practice both techniques are compared against each 

other in this study.  
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1.3. Objective  
 

In the sections above, the terms efficiency and effectiveness were frequently used. 

In order to understand the objectives of the thesis, these terms need to be 

explained. Efficiency is defined as faults found per time unit spent on the 

inspection [Thelin et al. 01]. In this study, faults found per hour are considered. 

Effectiveness is measured as the number of faults found in relation to the total 

number of faults existing within the software artefact under inspection [Thelin et 

al. 01]. In order to figure out how use-cases could make inspections more efficient 

and effective, the overall objective is to make an initial evaluation of time-

controlled reading in comparison to rank-based reading. In general, this thesis shall 

provide the answer to the question whether time-budgets assigned to the use-cases 

improve the performance of usage-based reading. To answer this overall research 

question, the following sub-questions need to be answered:  

 

• Q1: Is usage-based reading (time-controlled) more effective than usage-based 

reading (rank-based) in finding the most critical faults? 

 

• Q2: Is usage-based reading (time-controlled) more efficient than usage-based 

reading (rank-based) in finding the most critical faults? 

 

The answers to the first two research questions provide a first indication of the 

performance of usage-based reading (time-controlled) in respect of efficiency and 

effectiveness in comparison to usage-based reading (rank-based). Moreover, the 

answers to these questions do not just generally provide an indication of whether 

one technique is more effective and efficient. Additionally, they provide an 

indication of whether one technique is more efficient and effective in finding the 

most critical faults form the user’s perspective. 

 

• Q3: Are different faults detected when using different ways (i. e. time-

controlled and rank-based reading) of utilizing the prioritized use-cases? 

 

Research question 3 seems to be obvious because one can assume that two 

different techniques find different faults. However, in the case of usage-based 

reading it is not since usage-based reading aims at finding the most critical faults 

from the user’s perspective. Later on in this thesis, the faults are classified more 

specifically into class A, B and C faults where A faults are considered to be the 

most crucial ones, B faults are important and C faults are not that important. The 

answer to question 3 reveals whether both techniques identify the same faults or 

different sets of faults in respect of the A, B and C classification.   

1.4. Research Methodology 
 

Two different approaches to research are distinguished, namely quantitative and 

qualitative. Quantitative methods focus on measurement and statistical evaluation 

with the aim of explaining cause-effect relationships. Therefore the researcher 

requires broad samples in order to draw general conclusions about large groups of 

people. Methods of inquiry used in this context are experiments and questionnaires 
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with closed-ended questions. Opposed to this, qualitative research aims at gaining 

an in-depth understanding of a certain situation, site or event. In consequence, only 

a few units are subjects of the study. Methods of inquiry are  e. g. case-studies and 

ethnography. Moreover, the majority of questions asked to the sample of a 

qualitative study are open-ended [Creswell03].  

The before presented reading techniques usage-based reading rank-based and 

usage-based reading time-controlled are compared through a controlled 

experiment because this allows the investigation of the cause-effect relationship 

between the reading technique (i. e. rank-based reading and time-controlled 

reading) and the performance expressed in terms of effectiveness and efficiency. 

Since this is an experiment within a controlled environment, other factors than the 

reading techniques (cause) influencing the inspection performance (effect) can be 

isolated more easily. However, threats to validity remain and the goal of the 

study’s design is to minimize possible threats. The experiment design and 

operation is described in section 4 (The Experiment). 

1.5. Outline of the Thesis 
 

In the first second chapter of this thesis the topic of software inspections in general 

is introduced. Through this one can learn to which area of research in the context 

of software inspection this thesis contributes. Thereafter, chapter 3 describes how 

usage-based reading and its variants time-controlled reading and rank-based 

reading work. Moreover, chapter 3 summarizes former studies that investigated 

usage-based reading. Chapter 4 is directly related to the research conducted for this 

thesis and describes the planning and preparation of the experiment as well as its 

operation. In chapter 5 the research results are presented. Finally, in chapter 6 the 

conclusions from this experiment are drawn and related to former experiments 

with usage-based reading. Moreover, suggestions for further work are presented.   
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 Chapter 

2. SOFTWARE INSPECTIONS 
2 

 

 

The objective of this chapter is to provide the reader with background-information of 

software inspections and how this technique has developed over the years through extensive 

research. Therefore, this chapter first presents the original software inspection process which 

was the baseline for all further research. Based on this, the chapter continuous with a 

description of structural changes of the inspection process as well as how certain phases 

within the process could be supported. At the end of this chapter, the research done in this 

study is positioned within the area of software inspection research. 

 

 

2.1. The Original Software Inspection 
 

Michael E. Fagan proposed the original software inspection process in 1976 during 

his work at IBM. He defines a software inspection as “a formal, efficient and 

economical method of finding errors in design and code” [Fagan76]. In this 

definition he emphasizes the formality of the inspection process that is  

characterized by strictly defined roles and process phases. [Fagan76] assumes that 

the process can only be successful if all phases are followed properly and every 

member of the inspection team fills out his role. Moreover, he points out that the 

formality allows to repeat the inspection process. Another issue addressed in this 

definition is the purpose of the inspection which is fault detection and nothing 

more. As [Sommerville04] puts it, software inspections are not concerned with 

issues like costs, schedules, design issues or likelihood of meeting the customer’s 

goals. Instead, such issues should be addressed in other types of visual 

examinations of the software product, for instance reviews.  

It is important to explain Fagan's initial work because all further research in 

the area of software inspections is built upon his work. Therefore, before 

presenting the development of software inspections over the years, this section 

provides an explanation of the software inspection process according to [Fagan76]. 

This process is characterized by roles and phases that have to be executed. Team 

members in an inspection team have to fill out the roles of the moderator, author, 

reader and tester. Responsibilities assigned to these roles are summarized in the 

following: 

 

• Moderator: According to Fagan, the moderator is the key-person in the 

inspection process. His responsibilities are the planning of the inspection and 

the management of the inspection team [Fagan76]. The planning activity 

includes scheduling of inspection meetings, selecting the inspection team 

members, ensuring that the material under inspection is complete, reporting 

inspection results and monitoring that appropriate follow-ups of rework are 



 12 

conducted [Sommerville04]. The management activity requires him to lead the 

team during the inspection and to coach the team with the goal of utilizing 

synergy effects [Fagan76].  

 

• Author: The author is the producer of the artefact under inspection [Aurum et 

al. 02].  

 

• Reader: He is the presenter of the inspection material. As [Aurum et al. 02] 

adds, he does not just read the content of the material to the other members, but 

paraphrases the content of the material under inspection.  

 

• Tester: This role is responsible for reviewing the document from the 

perspective of a software tester [Fagan76].  

  

Fagan’s inspection process (figure 2-1) consists of the phases planning, 

overview, individual inspection, meeting, rework and follow-up [Fagan76]. The 

phase “individual inspection” is also frequently referred to as “preparation”. 

Moreover, the “inspection meeting” is equivalent to “examination”. 

 

 

Figure 2-1 Stages of the original Fagan Inspection Process [Sommerville04] 

 

Within each of the phases certain tasks have to be completed with different 

purposes. In the following the content of the different phases is described.   

 

1. Planning: In the first phase of the inspection, the team of reviewers is 

formed and the different roles are assigned to the team members [Aurum et 

al. 02]. As pointed out before, this planning activity is the responsibility of 

the moderator.  

 

2. Overview: The second phase includes the introduction of the artefacts under 

inspection [Aurum et al. 02] with the purpose of education. Each member 

of the inspection team gets a consistent picture of the software product 

under inspection. At this stage of the process the whole team is involved.  

 

3. Individual Inspection (Preparation): In this phase, each reviewer conducts 

an inspection individually with the goal of understanding the material. 

Checklists indicating what to look for could be used as support during the 

individual inspection task [Fagan76]. 

 

4. Inspection Meeting (Examination): During the meeting, the focus lies solely 

on discovering faults and not to find solutions how to solve the issues 

identified during the inspection. The moderator leads the inspection 
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meeting. He chooses a reader who paraphrases the content of the inspection 

material (e. g. design, requirements). When a fault is discovered, it is 

classified according to type of fault and its severity. When the inspection 

meeting is over, the moderator produces a written report that is used as 

input for further rework and follow-up activities [Fagan76]. 

 

5. Rework: The report from the inspection meeting indicates where rework has 

to be done. Rework means resolving the problems identified in the former 

phases of the inspection [Fagan76]. 

 

6. Follow-Up:  In this last phase of the inspection process the moderator 

assures that the issues identified during the inspection meeting and 

addressed in the rework phase are solved properly. As [Fagan76] 

emphasizes, this is important, because removing faults late in the 

development process is many times more expensive than removing them 

immediately.  

 

Over the years, researchers modified the original software process with the 

aim of improving its performance. As mentioned before, this research pointed into 

two different directions. First, researchers experimented with different structures 

of inspection processes. Second, they evaluated possibilities of how to support 

particular phases of the process [Aurum et al. 01]. In the figure below it is 

illustrated how process structure and process support have evolved since 1976. 

 

 

 

 

Figure 2-2 - Evolution of Software Inspections [inspired by Aurum et al. 02] 
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The different modifications mentioned in figure 2-2 are presented concisely in 

the following sections (2.2 and 2.3) with the aim of providing a deeper insight into 

the work that has been done in the area of software inspections. Moreover, this 

allows to position the contribution of this thesis within this area of research.  

2.2. Changes in Structure of the Inspection Process 
 

Changes in the structure of the inspection process mean that certain aspects of 

Fagan’s inspection process are modified. This section summarizes a selection of 

modifications. Well known modifications are the Active Design Review, Two-

Person Inspection, N-fold Inspection, Phased Inspection and Inspection without 

meeting (see figure 2-2).  

Active Design Review: The Active Design Approach was developed by 

[Parnas&Weiss85] in 1985. In this inspection process, the phases preparation and 

inspection meeting are modified. During the preparation, the reviewer is supposed 

to answer a questionnaire so that he has guidance to work actively with all the 

material. A further modification is that instead of holding one big inspection 

meeting, several small inspection meetings are held where each meeting focuses 

on one particular part of the product. Expertise of the reviewers decides in which 

of the reviews they shall participate in. Issues raised by answering the 

questionnaire are discussed in those meetings. Through this it is possible to 

overcome the problems of information overload towards the reviewers, 

communication overhead caused by large meetings and undefined responsibilities 

and goals.  

Two-Person Inspection: The Two-person Inspection was proposed by 

[Bisant&Lyle89]. Here the phases of the inspection process are not modified, but 

the roles differ from Fagan’s original inspection. In particular, the role of the 

moderator who was considered a key-person in the inspection process is removed. 

The research goal of [Bisant&Lyle89] was the evaluation of programmer’s 

productivity when using two-person inspection. Their result showed improvements 

in programmer productivity and software quality. Moreover, the study indicated 

significant improvements in individual productivity of novice and less experienced 

programmers. As a consequence of these results, [Bisant&Lyle89] suggest to use 

two-person inspections in small organizations with less manpower or as a 

transition to larger team techniques. 

N-fold Inspection: The N-fold Inspection was evaluated in a pilot study 

presented by [Martin&Tsai90]. Changes were made to the preparation and 

inspection meeting phases of Fagan’s inspection. N different teams inspect the 

same material independently from each other. The inspection effort of the different 

teams is coordinated by a moderator who is also responsible for collecting the 

faults discovered during the course of the inspection. N-fold inspections are based 

on the assumption that N independent teams inspecting the same material find 

significantly more faults than a single team. In fact, their study has confirmed this 

assumption. Moreover, they found that the overlap of faults was small. However, 

this method requires considerable input of man-power. Therefore, 

[Martin&Tsai90] propose to apply this kind of inspection mainly in critical system 

development. 

Phased Inspection: [Knight&Meyers93] propose the Phased Inspection which 

is based on ideas from N-fold inspections and Active Design Reviews. Here the 
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product is inspected in a series of individual inspection phases. Each of these 

phases aims at checking if the product fulfils a certain property or a small set of 

properties in order to keep the individual inspection intellectually manageable. It is 

only allowed to progress to a new phase if the properties in the former phase are 

fulfilled. Since [Knight&Meyer93] want to achieve a higher level of confidence in 

the software’s quality, they use two different types of phases, i. e. single-inspector 

phase and multiple-inspector phase. During the single-inspector phase the reviewer 

uses checklists to look for simple but important properties that are application 

independent, for instance formatting properties. On the other hand, multiple-

inspector phases require different checklists which help to identify application and 

domain specific issues, e. g. fulfilment of the requirements by the implementation. 

After the individual preparation is completed, issues found are discussed in a 

meeting. Moreover [Knight&Meyers93] emphasize that their technique could also 

be used for different goals than fault detection, for instance to check quality 

attributes like portability or maintainability.  

Inspection without a Meeting: In the article [Votta93] the efficiency of 

inspection meetings is questioned, even though [Fagan76] emphasized that the 

meeting phase is a key aspect of a software inspection because it allows to utilize  

synergy effects. [Votta93] adds further reasons for inspection meetings like 

education, schedule deadline, competition and requirement. However, the study of 

[Votta93] found out that those synergy effects do not exist and thus they should 

not be the reason for holding inspection meetings. Another study [Eick et al. 92] 

showed that when aiming at fault detection in the preparation phase, 90 % of all 

faults are already discovered in this phase and only 10 % in the meeting phase. 

Hence managers should consider two alternatives, either to not hold meetings at all 

or to hold small meetings (e. g. face-to-face meetings) in order to achieve an 

acceptable ratio between effort and benefit.  

2.3. Support of Inspection Process 
 

[Aurum et al. 02] distinguish between three different types of support of the 

inspection process, i. e. electronic support, support to re-inspection and support to 

preparation. In the following, this section shortly describes a selection of tools and 

methods that support the inspection process. 

First, electronic support is concerned with the question how information 

technology could improve the performance of software inspections. In this context, 

tools with different goals where developed. Some aim at supporting certain phases 

of the inspection process (e. g. preparation and inspection) while others focus on 

support for the whole inspection process [Aurum et al. 02]. An example for a tool 

evaluation is the case study by [Mashayekhi et al. 93]. In this study they developed 

a tool which supports inspection preparation and meeting for geographically 

distributed inspection teams. They showed that the performance of geographically 

distributed team members with tool support perform as good as teams conducting 

face-to-face meetings.  

Secondly, researchers investigated how re-inspections could be supported. In 

this context [Aurum et al. 02] distinguishes between inspection metrics and 

estimation models of remaining faults. Inspection metrics measure the 

performance of software inspections in order to figure out whether  the inspection 

is economically beneficial or not. Moreover metrics give indications of potential 
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problems within the inspection process. Reasonable measurements are number of 

faults found, number of reviewers, size of the product and duration of the 

inspection. In addition, statistical measurements like inspection rate and number of 

faults found per reviewer help to evaluate inspection performance. In order to 

determine the confidence level in the quality of the product the number of 

remaining faults is estimated through different estimation models. These models 

helps to decide whether the product has to be re-inspected or if it could be 

delivered to the customer.  Such models are applied on the data collected during 

the inspection [Wohlin et al. 02]. Well known estimation models are subjective 

assessment [Briand et al. 00], capture recapture method [Eick et al. 92] and curve-

fitting method [Wohlin&Runeson98].  

Thirdly, support to preparation is provided by reading techniques that guide 

the reviewer during the inspection. [Porter&Votter94] divide reading techniques 

into systematic and non-systematic techniques. Systematic techniques give 

guidance through rigorously defined reading processes while non-systematic 

techniques only provide little guidance. Widely recognized reading techniques are 

ad-hoc reading [Aurum et al. 02], checklists [Fagan76], stepwise abstraction 

[Linger et al. 79], scenario-based reading [Porter&Votter94] and perspective-based 

reading [Basili et al. 96]. 

 

• Ad-hoc reading: For this reading technique no clear procedure is defined. 

Hence ad-hoc reading belongs to the non-systematic techniques. Since no 

procedure is provided, no training in the inspection method is required. 

Therefore, the reviewer has to solely rely on his experience and knowledge.  

 

• Checklist: This approach is more systematic than ad-hoc reading [Aurum et al. 

02]. A checklist consists of a list of items, for instance common known types 

of faults. The reviewer ticks the items in the checklist when he investigated 

them completely. However, since checklists do not provide information how 

the reader shall work with the material, this technique belongs to the non-

systematic techniques.  

 

• Stepwise abstraction: The reviewers identify subprograms and determine their 

function. Thereafter they combine the sub-functions and determines the 

functionality of the entire system. From this a specification is derived that is 

compared with the desired specification. Hence it is possible to identify 

inconsistencies between the actual implementation of the functionality and the 

desired functionality of the system.  

 

• Scenario-based reading: This reading-technique defines how the reviewer 

shall conduct the review and for what kind of issues he shall look for. For this, 

scenarios are provided to the reviewers. In the case of the experiment 

conducted by [Porter&Votter94] different scenarios were created for particular 

fault classes. For each fault class, a certain set of questions is asked and the 

scenarios are developed in a way that they likely help to answer those 

questions [Aurum et al. 02]. Since scenario-based reading gives such concrete 

guidelines, it is considered to be a systematic reading technique. 
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• Perspective-based reading: Here, the document is inspected from the 

perspective of different stakeholders, for instance user, tester, designer, 

implementer etc. For each of the different perspectives, other aspects of the 

artefact under inspection are important. In order to guide the reviewer from a 

certain perspective, reading scenarios are created. They define procedures, how 

the reviewer shall inspect the document [Basili et al. 96]. Such a scenario 

consists of an explanation of the stakeholder’s interests, instructions for how to 

extract relevant information and a set of questions which shall be answered 

while following the instructions [Laitenberger et al. 00]. Perspective-based 

reading is similar to scenario-based reading and thus can be also considered as 

a systematic reading technique.  

2.4. Positioning of this Study  
 

In this section the research in my study is positioned in the context of former work 

done in the area of software inspections. The grey box in figure 2-3 shows the 

phases that are conducted in the context of my experiment. In order to make the 

inspection easier for the participants the system and techniques have to be 

explained (overview). With this knowledge the participants inspect the material 

handed out. Here the data collection takes place so that both techniques can be 

compared.  

 

Planning

Overview
Individual

Inspection
Meeting

Rework

Follow-Up

Support to Structure

- Support of Individual Preparation

- Systematic Reading Technique
 

Figure 2-3 - Positioning of Research in the Area of Software Inspections 

The focus lies on the support of the process structure, i. e. the question of this 

study is not how changes to the process lead to improvements, but how certain 

phases of the process can be supported. As mentioned before, the phase of the 

individual inspection is supported through reading techniques (see figure 2-3). In 

particular, the reading techniques usage-based reading (rank-based) and usage-

based reading (time-controlled) are executed by the subjects of the study in order 

to figure out whether time-controlled reading leads to improvements in 

performance compared to rank-based reading.  The technique usage-based reading 

belongs to the group of systematic reading techniques because it provides a 

rigorously defined reading process.  
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2.5. Summary 
 

In chapter 2 the original Fagan inspection including the different roles (moderator, 

author, reader, tester) involved in the process as well as the different phases 

(planning, overview, individual inspection, meeting, rework and follow-up) are 

illustrated. It also shows how research has further developed the inspection process 

based on Fagan’s suggestions. In particular, it presents the two major areas of 

software inspection research, i. e. change in the structure of the process and 

support of the process. Based on this knowledge the research presented in this 

thesis can be characterized as follows: 

 

• It involves the phases overview and individual inspection. 

• It focuses on the support of structure, in particular the support of the 

preparation phase. 

• The support is provided by the systematic reading techniques usage-based 

reading time-controlled and usage-based reading rank-based. 

 

Since this chapter investigated the general development of software 

inspections, the next chapter focuses on research directly connected to usage-based 

reading, which is the focus of the research presented in this thesis.  
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 Chapter 

3. RELATED RESEARCH 
3 

 

 

The aim of this chapter is to provide a thorough description of usage-based reading so that 

the reader is able to apply the technique on his own. Thereafter, former experiments with 

usage-based reading and their different goals and results are described. 

 

 

 

3.1. How Does Usage-Based Reading Work?  
 

Usage-based reading was created out of the testing methods usage-based testing 

and operational profile testing, i. e. the principles applied by those techniques were 

transferred to inspections [Thelin et al. 01]. Traditional reading techniques like the 

ones presented in chapter 2 aimed at finding as many faults as possible while 

neglecting the relative significance of faults. Reviewers applying usage-based 

reading focus their inspection effort on those parts of the document, that are most 

crucial from the user’s perspective [Thelin02]. This is what distinguishes usage-

based reading from all these other techniques. However, since usage-based reading 

requires a set of prioritized use-cases [Thelin02] proposes to use this technique in 

projects where the use-cases are already created.   

How usage-based reading should work according to its inventors [Thelin et al. 

01] is described in the following. In order to focus the inspection effort on the 

most important parts of the document from the user’s perspective, use-cases are 

utilized as shown in figure 3-1. Here the process of usage-based reading for the 

rank-based version is illustrated. The circles 1 to 5 stand for the steps to be 

conducted during the process. Step 1 is related to pre-inspection activities (here the 

use-cases are prioritized) while step 2-5 are conducted by the reviewer during the 

individual inspection phase. 

 

Figure 3-1 – Applying usage-based reading rank-based [inspired by Thelin et al. 03b] 
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Summarized, the steps cover the following activities for usage-based reading 

(rank-based) [Thelin et al. 03b]. 

 

• Step 1: The use-cases are prioritized from the perspective of the user (see circle 

no. 1 in figure 3-1). The prioritization of the use-cases could be done by using 

prioritization techniques like AHP [Karlsson&Ryan93] or the 100-dollar 

[Leffingwell&Widrig03] approach. When the prioritized use-cases are ready, 

the reviewer follows the process illustrated in figure 3-1. The figure presents 

the rank-based version of usage-based reading. 

 

• Step 2: After prioritizing the use-cases the reviewer starts with the use-case of 

highest priority, i. e. when he begins the inspection he starts with use-case 

number one.  

 

• Step 3: The reviewer traces the corresponding parts within the document under 

inspection (in this example the design of software X, see figure 3-1) by 

following the tasks provided by the use-case. A task is either an action (of the 

system or the user) or a certain condition (e. g. driver in state “available”).  

 

• Step 4: While following the tasks through the document under inspection, the 

reviewer checks if the software artefact provides complete and correct 

information so that the goals of the use-case are fulfilled. For the design 

example, the reviewer might check if the interfaces are correct (e. g. 

parameters of a signal) and if all necessary signals are provided so that the 

intended functionality could be achieved. 

 

• Step 5: When the reviewer thinks he finished the use-case, he selects the use-

case with the next highest priority and repeats the steps 3 to 5. 

 

The time-controlled version of usage-based reading requires a time-budget 

assigned to each of the different use-cases where the more important use-cases get 

assigned more time than the less important ones. This leads to the assumption that 

the inspection process can be planned in a better way because one can make sure 

that all important use-cases are executed within the given time-frame and that most 

effort is spent on the most important issues. Hence, one does not just require the 

order of the use-cases, but also has to derive the time from the prioritization 

methods applied. Consequently, changes have to be made to the different steps 

outlined before so that the time-budget is taken into consideration. In the case of 

time-controlled reading the steps look as follows: 

 

• Step 1: [Thelin02] explains how the times for each use-case could be 

calculated when using AHP [Karlsson&Ryan93]: Derive the relative 

importance pi where (0 ≤ pi ≤ 1) and ∑pi = 1 for each use-case ui from the 

prioritization data collected during AHP. In practice, the relative importance is 

known because people using AHP compare all unique pairs of requirements 

with each other and judge which one is of higher importance and also to what 

extend. After that, decide the total time available for the inspection (T). From 

this, calculate the time spent on each use-case (ti) by multiplying pi with the 

total inspection time T. For the 100-dollar method [Leffingwell&Widrig03] the 
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same approach can be followed. Here,  multiply T with the number of dollars 

di assigned to each use-case ui and divide them by 100 (total mount of total 

dollars available).  

 

• Step 2: After prioritizing the use-cases (step 1 in figure 3-1) the reviewer starts 

with the use-case of highest priority. 

 

• Step 3: The reviewer traces the corresponding parts within the document under 

inspection by following the tasks provided by the use-case. 

 

• Step 4: While following the tasks through the document under inspection, the 

reviewer checks if the software artefact provides complete and correct 

information so that the goals of the use-case are fulfilled for the duration of the 

time-budget assigned to the use-case. 

 

• Step 5: When the reviewer has spent the time-budget, he selects the use-case 

with the next highest priority and repeats the steps 3 to 5. 

3.2. Former Experiments with Usage-Based Reading 
 

Usage-based reading was investigated in seven studies with different research 

goals. Since usage-based reading is a quite new technique and there are only seven 

studies so far, all of them are be summarized in this chapter. Through this, the 

reader gets an overview of the work previously done on this quite new technique 

and also recognizes how the research conducted for this thesis builds upon 

previous work. All previously conducted studies with usage-based reading were 

evaluated by controlled experiments as an approach to research, i. e. so far no 

industry study has been conducted.  

All studies are presented in chronological order. Moreover, for each study the 

research questions, study context and results of the statistical tests are stated, so 

that these important issues are comparable to the content of my study. For the 

analysis the researchers applied statistical tests. The result of the tests are the so-

called p-values representing the lowest possible significance with which a null-

hypothesis can be rejected [Wohlin et al. 00]. If the p-value is below the level of a 

given significance ˵ (e. g. ˵=0.05) then the result can be considered as statistically 

significant. For instance, if the null-hypothesis states that one technique is as 

efficient as another then this hypothesis is rejected for p < ˵ and thus the result is 

statistically significant. However, if this is not the case no conclusions can be 

drawn whether one technique is better than another.   

3.2.1. First Experiment: The Basic Principle of Usage-Based Reading 

 

The first evaluation of usage-based reading (UBR) was done in 2000 by Thomas 

Thelin, Per Runeson and Björn Regnell. This initial evaluation aimed at answering 

the following research questions [Thelin et al. 01]: 

 

• Q1: Is UBR effective in finding the most crucial faults? 

• Q2: Is UBR efficient in terms of total number of critical faults found per hour? 
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• Q3: Are different faults detected using different priority of use-cases? 

 

The answers to the research questions always take into consideration the 

different categories of faults, i. e. A for crucial faults, B for important faults and C 

for less important faults. In particular, for research question 1 and 2 [Thelin et al. 

01] measured efficiency of all faults (A, B, C), A faults and the sum of A and B 

faults. Therefore the answer to the research question not just reveals whether one 

technique is in general more effective or efficient than another (all faults), but 

whether one technique is more effective and efficient in finding the most crucial 

faults from the user’s perspective (A-faults and A&B-faults).  

Study context: In order to answer these research questions, the subjects of the 

study (27 bachelor students in their third year at Lund University) were divided 

into two groups, one prio-group (14 students) and control-group (13 students).  

The prio-group applied usage-based reading with prioritized use-cases and the 

control-group applied the use-cases in randomized order neglecting the relevance 

from the user’s perspective. Both groups inspected the same software design of a 

taxi management system that was also used for the study conducted for this thesis. 

The knowledge of the group was homogenous and they had particular good 

knowledge in the taxi domain because they developed a requirements document 

for a similar system before in the context of a course at the university.  

Results: In the following, the answers to the research questions given by 

[Thelin et al. 01] are stated: 

 

• Q1: The answer to Q1 reveals that usage-based reading with prioritized use-

cases is more effective than usage-based reading with randomized use-cases in 

finding A faults (p=0.0017) and A&B faults (p=0.0045). However, this is not 

the case for all faults (p=0.0652).  

 

• Q2: Regarding efficiency (Q2), the result points again in favorfor usage-based 

reading with prioritized use-cases for all faults (p=0.0044), A-faults 

(p=0.0004) and A&B-faults (p=0.0045).  

 

• Q3: Moreover, the answer to Q3 reveals that both techniques find different sets 

of faults. Usage-based reading with prioritized use-cases found 88% more class 

A-faults and 51% more class A&B-faults than with randomized use-cases.  

 

Summarized one can say that this first study indicates that usage-based reading 

works as intended, i. e. the technique guides the reviewer to the faults which are 

most crucial from the user’s perspective.   

3.2.2. Second Experiment: Usage-Based Reading vs. Checklist-Based 

Reading 

 

The second experiment [Thelin et al. 03a] compared usage-based reading with the 

industry standard checklist-based reading (CBR) in order to see whether usage-

based reading is more efficient and effective than checklist-based reading (CBR). 

Even though the results were published in 2003, the experiment was already 

conducted in 2001.  The research questions are similar to those asked in the first 

study.  
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• Q1: Is UBR more effective than CBR  in finding the most crucial faults? 

• Q2: Is UBR more efficient than CBR in terms of total number of critical faults 

found per hour? 

• Q3: Are different faults detected using UBR and CBR? 

 

Study context: The subjects of this study were 23 fourth-year software 

engineering students at Blekinge Institute of Technology. At this university, the 

students gain good practical experience by practical training, i. e. large software 

engineering projects with real customers and team sizes up to 15 students. Eleven 

students in the first  group applied usage-based reading and twelve students in the 

second group applied checklist-based reading. As inspection material the taxi 

management system was used again. The artefact under inspection was the design 

of the taxi management system.  

Result: The answers to the research questions provided by [Thelin et al. 03a] 

are as follows: 

 

• Q1: The result of this study indicates that usage-based reading is more 

effective in finding A-faults (p=0.0364) and A&B-faults (p=0.0312), but not 

for all faults (p=0.1029).   

 

• Q2: Regarding efficiency this study showed that usage-based reading 

outperforms checklist-based reading for all faults (p=0.0423), A-faults 

(p=0.0423) and A&B-faults (p=0.0164).  

 

• Q3: Moreover, different sets of faults were found by the reviewers. It attracts 

attention that usage-based reading finds a lot more A-faults (75.1%) as well as 

more B-faults (27.7%) and more of all faults (21.1%).  

 

Consequently, one can conclude that this study is an indication that usage-

based reading performs better than checklist-based reading in finding the most 

crucial faults from the user’s perspective.  

3.2.3. Third Experiment: Usage-Based Reading with Less Information 

Available 

 

In the third experiment in 2001 [Thelin et al. 02] investigated a modification of the 

original version of usage-based reading. The modification was that the reviewer 

has to develop detailed use-cases on his own (UBR-dev), i. e. only the purpose of 

the use-case is provided while detailed tasks related to the purpose are left out. An 

example of a fully structured use-case with purpose and related tasks can be found 

in figure 4-1. The technique with fully structured use-cases is referred to as UBR-

util. For their study [Thelin et al. 02] formulated the below stated research 

questions:   

 

• Q1: Is UBR with less information (UBR-dev) as effective in finding the most 

crucial faults? 

• Q2: Is UBR with less information (UBR-dev) as efficient in terms of total 

number of critical faults found per hour? 

• Q3: Are different faults detected when actively developing use-cases? 
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Study context: In this experiment, the researchers had quite a large sample of 

students available. They run two experiments, one at Lund University (34 third-

year bachelor students) and one at Blekinge Institute of Technology in Ronneby 

(48 fourth-year Master’s students). All students inspected the design used in 

experiment one and two, i. e. the taxi management system.  The students from 

Lund participated in practical courses including large-scale project and they also 

developed a requirements document for a taxi system before the experiment. The 

Master’s students from Blekinge Institute of Technology have participated in a 

large-team software project like the one mentioned in experiment two. In the table 

below, the p-values for the two experiments are summarized.  

Table 3-1 – p-Values of Efficiency and Effectiveness for Reviewers at Lund University and 

Blekinge Institute of Technology in Ronneby [Thelin et al. 02] (S) = statistically significant 

 Effectiveness Efficiency 

 Lund Ronneby Lund Ronneby 

All 0.002 (S) 0.462 (-) 0.006 (S) 0.043 (S) 

A 0.001 (S) 0.416 (-) 0.001 (S) 0.550 (-) 

A&B 0.006 (S) 0.582 (-) 0.008 (S) 0.097 (-) 

 

Results: Since the experiment is conducted in two places (Lund and Ronneby) 

the results become more complex. Therefore, the statistical results produced in the 

experiment of [Thelin et al. 02] are summarized in table 3-1. The answers to the 

research questions are as follows:  

 

• Q1: In regard to effectiveness table 3-1 shows that usage-based reading with 

pre-developed use-cases is more effective in Lund, but not in Ronneby. This is 

true for all faults, A-faults and A&B-faults. 

 

• Q2: The answer to research question 2 reveals a similar pattern as to research 

question 1. The difference is that also in Ronneby efficiency in respect of all 

faults delivers statistically significant results. In other words, in Ronneby pre-

developed use-cases are only more efficient in respect of all faults. 

 

• Q3: At both universities, the chi-que test showed that different faults are 

discovered by the different treatments. In particular, the researchers found that 

the probability of finding class A and B-faults is higher when applying usage-

based reading with pre-developed use-cases.  

 

For the quite large difference between the groups in Lund and Ronneby 

[Thelin et al. 02] one main reason can be identified.. Reviewers in Lund are less 

experienced in use-case development because they are Bachelor students without 

practical experience. [Thelin et al. 02] conclude that they cannot make suggestions 

of how much information should be provided within the use-cases because this 

highly depends on the experience of reviewers, the time available for inspection 

and the organization in which the technique is applied (i. e. whether use-cases are 

available in forehand or not). The implications of this for my own study are 

discussed in section 3.3 (summary). 
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3.2.4. Fourth Experiment: Usage-Based Reading vs. Checklist-Based 

Reading on Software Requirements 

 

The fourth experiment [Erlansson et al. 02] tried usage-based reading in 

comparison to checklist-based reading on the requirements document of the taxi 

management system in 2001. Hereby the research questions concerning efficiency 

and effectiveness are the same as for the initial comparison of usage-based reading 

and checklist-based reading, i. e.:  

 

• Q1: Is UBR more effective than CBR  in finding the most crucial faults? 

• Q2: Is UBR more efficient than CBR in terms of total number of critical faults 

found per hour? 

 

Study context: The subjects of the study were 29 Master’s students at Lund 

university in the last year of their master program. The students inspected the 

requirements document of the taxi management system. The inspection was not 

conducted within a controlled environment because the students did the actual 

inspection at home.  

Results: [Erlansson et al. 02] present the following results for the comparison 

of checklist-based reading and usage-based reading on software requirements: 

 

• Q1: For effectiveness the researchers found no statistical significance for all 

sets of faults, i. e. one cannot draw the conclusion that usage-based reading is 

more effective than checklist-based reading in finding the most critical faults. 

 

• Q2: The answer to research question 2 reveals that checklist-based reading is 

more efficient in finding all faults (p<0.05) and A-faults (p<0.001) but not in 

finding A&B-faults. 

 

For the first time in the series of experiments, usage-based reading was 

outperformed by another technique in respect of efficiency. According to 

[Erlansson et al. 02] the reason for this result might be that the students were not 

trained properly before the experiment (this was done in first, second and third 

experiment) and that the reviewers suffered from information overload, i. e. they 

had to focus on too many documents at once. I want to add that unfortunately one 

cannot say whether the different results in relation to the former comparisons 

between checklist-based reading and usage-based reading are due to the changed 

inspection document (requirements instead of design) or the difference in 

operation (uncontrolled environment). This also led to certain decisions made in 

this study (discussed in section 3.3 – Summary) 

 

3.2.5.  Fifth Experiment: Usage-Based Reading vs. Usage-Based Testing 

 

[Andersson et al. 03] compared usage-based testing and usage-based reading in 

respect of efficiency and effectiveness through a controlled experiment. The 

experiment was run in late 2002. In contrast to usage-based reading, usage-based 

testing (UBT) utilizes a set of prioritized test-cases that are executed on a program. 



 26 

Hereby the difference between inspections and testing is that in testing failures 

occur during the operation of a program and the root cause of the failure (i. e. the 

fault) has still to be isolated. With inspections, the fault itself is discovered 

immediately. In order to investigate how well both techniques work and how they 

could be combined in a good way the following research questions were asked: 

 

• Q1: Is UBR more effective than UBT? 

• Q2: Is UBR more efficient than UBT? 

• Q3: Are different faults detected when using UBR and UBT? 

 

Study Context: Subjects of the study were 51 fourth-year Master’s students at 

Blekinge Institute of Technology with sound practical experience from the large 

software engineering project with real industry partners. One half of the students 

inspected the design of the taxi management system applying usage-based reading 

while the other half applied usage-based testing on code being correspondent to 

the design.  Here, the experiment was run on two days, i. e. the first day group one 

applied usage-based reading and the second group applied usage-based testing. 

The second day the groups applied the techniques vice versa. Another difference to 

the former studies is that there was no difference between the faults, i. e. the study 

just aimed at generally answer the question whether one technique is more 

efficient and effective in respect of all faults. 

Results: The answers to the three research questions provided by [Andersson 

et al. 03] are presented in the following:  

 

• Q1: When not differentiating between the two groups, i. e. group 1 applying 

UBR on day one and group 2 applying UBR on day two are summed up as one 

result, then UBR is more effective than usage-based testing. When separating 

the different groups the findings are that group one is not more effective 

(p=0.145) when applying usage-based reading, i. e. no statistical significance 

exist. However, the results of the second group applying usage-based reading 

performed better in respect of effectiveness (p<0.001). 

 

• Q2: It becomes apparent that the pattern for research question 2 is the same as 

for research question 1. When not differentiating between the groups usage-

based reading is more efficient than usage-based testing. On the other hand, 

when separating the groups then group 1 is not more efficient (p=0.327) but 

group two is (p<0.001).  

 

• Q3: In the first session the different techniques discovered different faults, this 

was not the case in the second session. Therefore [Andersson et al. 03] leaves 

it open whether the techniques discover different sets of faults. Thus this has to  

be analyzed through replications.   

 

As [Andersson et al. 03] explains, the results still point in favorfor usage-

based reading because the reviewers performed similarly well on day one, but 

usage-based reading better on day two. Assumed that both techniques find 

different faults one should figure out how the techniques could be combined in an 

effort-saving way.  
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3.2.6. Sixth Experiment:  Usage-Based Reading vs. Checklist-Based 

Reading: The First Replication 

 

In order to confirm the results of the second experiment and thus increase the 

confidence in the results [Thelin et al. 04] conducted a replication of this 

experiment that was a comparison of checklist-based and usage-based reading. 

Consequently the same research questions as in the original experiment were 

asked:  

 

• Q1: Is UBR more effective than CBR  in finding the most crucial faults? 

• Q2: Is UBR more efficient than CBR in terms of total number of critical faults 

found per hour? 

• Q3: Are different faults detected using UBR and CBR? 

 

Study Context: This time the sample was very large. Sixty-two fourth-year 

Master’s students at Blekinge Institute of Technology inspected the design of the 

taxi management system. As mentioned before, the students at this university have 

participated in large-team projects and thus have gained experience at the 

university which could be considered similar to industrial experience. Moreover, 

30 % of the students were from foreign countries and thus have different 

experience in comparison to the remaining 70 % of Swedish students. In contrast 

to experiment four the students participated in a training exercise before starting 

with the real inspection. 

Table 3-2 - p-Values of Efficiency and Effectiveness of the Original Experiment and 

Replication Comparing UBR and CBR [Thelin et al. 04] (S) = Statistically Significant 

 Original Comparison 

[Thelin et al. 03a] 

First Replication 

[Thelin et al. 04] 

 Efficiency Effectiveness Efficiency Effectiveness 

All 0.042 (S) 0.103 (-) 0.037 (S) 0.006 (S) 

A 0.013 (S) 0.036 (S) <0.001 (S) <0.001 (S) 

A&B 0.016 (S) 0.031 (S) 0.007 (S) 0.003 (S) 

 

Results: Table 3-2 summarizes the results of the statistical tests for efficiency 

and effectiveness. The answers to the research questions are: 

 

• Q1: The first replication shows that usage-based reading is more effective in 

finding all faults (p=0.006), A-faults (p<0.001) and A&B-faults (p<0.003) 

 

• Q2: The same is true for efficiency, here usage-based reading also outperforms 

checklist-based reading in regard to all faults (p=0.037), A-faults (p<0.001) 

and A&B-faults (p=0.007).  

 

• Q3: Both techniques discovered different faults, i. e. the probability of finding 

A and B-faults is higher for usage-based reading.  

 

The answers to Q1, Q2 and Q3 show that usage-based reading in comparison 

to checklist-based reading performed even better in the replication than in the 
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original experiment. Therefore, the results of the first experiment are confirmed by 

the second one.  

3.2.7. Seventh Experiment: Usage-Based Reading vs. Checklist-Based 

Reading: An extended Replication 

 

The last experiment [Winkler et al. 04] conducted so far in 2003 was an extended 

replication of the experiments two and six. Here, the researchers introduced a 

slightly modified version, namely usage-based reading with individual ranking 

besides the techniques evaluated in [Thelin et al. 03a, Thelin et al. 04]. Usage-

based reading with individual ranking (UBR-ir) lets the reviewer rank the use-

cases based on his understanding of the system which he gained by scanning a 

reference document (e. g. software requirements).  Through this, he becomes more 

familiar with the inspection material. The three techniques were evaluated against 

each other according to the following research questions:  

 

• Q1: How much effort (overview reading and inspection time) do the different 

techniques require in comparison to each other? 

• Q2: How do the techniques differ in respect of effectiveness? 

• Q3: How do the techniques differ in respect of efficiency? 

 

Study Context: The sample of the study was the largest so far and the first  

experiment not conducted at a Swedish university, i. e. 131 software engineering 

students (Master and Bachelor) at Vienna University of Technology inspected the 

taxi management design with the techniques usage-based reading (55 students), 

usage-based reading with individual ranking (52 students) and checklist-based 

reading (24 students).  

Table 3-3 - p-Values for the Comparison of UBR, UBR-ir and CBR in Respect of Efficiency 

and Effectiveness [Winkler et al. 04] (S) = Statistically Significant 

 A-faults A&B-faults All faults 

Results for Effectiveness 

UBR vs. CBR <0.001 (S) 0.021 (S) 0.018 (S) 

UBR-ir vs. CBR <0.001 (S) 0.099 (-) 0.068 (-) 

UBR vs. UBR-ir <0.001 (S) <0.001 (S) 0.013 (S) 

Results for Efficiency 

UBR vs. CBR 0.002 (S) 0.023 (S) 0.053 (-) 

UBR-ir vs. CBR 0.024 (S) 0.036 (S) 0.273 (-) 

UBR vs. UBR-ir 0.077 (-) 0.379 (-) 0.150 (-) 

 

Results: In comparison to the other studies, this study asked an additional 

research question concerning the effort spent on overview reading and inspection. 

Moreover, they did not ask if the techniques find different faults. Table 3-3 shows 

the p-values for the comparison of the three techniques UBR, CBR and UBR-ir 

with each other. In the following, the answers to the three research questions are 

presented.  

 

• Q1: The answer to research question 1 shows that there is no significant 

difference concerning overview reading and inspection time between checklist-
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based reading and usage-based reading. However, usage-based reading with 

individual ranks requires more time for overview reading because the 

reviewers have to conduct the additional task of ranking the use-cases. 

Consequently the reviewers are more familiar with the system and require less 

time during the individual inspection. 

 

• Q2: In table 3-3 we see that the original version of usage-based reading (UBR) 

clearly dominates the other techniques usage-based reading with individual 

ranking (UBR-ir) and checklist-based reading (CBR) in respect of 

effectiveness for all classes of faults. Usage-based reading with individual 

ranks is more effective than checklist-based reading in finding A-faults 

(p<0.001), for the other sets of faults no statistical significance can be claimed. 

 

• Q3: Concerning efficiency usage-based reading as well as usage-based reading 

with individual ranks outperform checklist-based reading. However, no 

statistical significance was discovered for the comparison of usage-based 

reading and usage-based reading with individual ranking. 

 

In summary this second replication of the experiment presented in [Thelin et 

al. 03a] also confirms that usage-based reading performs better than checklist-

based reading.  

3.3. Summary 
 

This chapter shows how usage-based reading works according to its creators. The 

basic principle of this technique is that a set of prioritized use-cases focuses the 

inspection effort on those parts of the artefact under inspection that concern 

functionality which is considered as crucial from the user’s perspective. The first 

step is to prioritize the use-cases according to their importance for the user. When 

conducting the inspection, the reviewer follows the order of the use-cases, tracks 

the corresponding parts within the document under inspection and checks whether 

the document under inspection fulfils the use-case. In the extended version, a time 

budget is assigned to the use-cases, so that it is possible to plan the reading process 

in forehand for a given inspection time. How usage-based reading is actually 

applied by the reviewers and how they perceive the technique is discussed in the 

results section (5.2 – Questionnaire and Assignment Data). 

Moreover, the chapter shows the results of all studies investigating usage-

based reading so far. One group of studies evaluated modifications to usage-based 

reading and compared them to the original version. The second group evaluated 

usage-based reading in comparison to other techniques, in this case checklist-based 

reading and usage-based testing. The main corner-stones of the studies presented 

in this chapter are summarized in the following table: 
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Table 3-4 - Summary of Studies Investigating Usage-Based Reading; ☺☺☺☺ = Significant in Favor 

for original UBR (prioritized + Pre-Developed Use-Cases); ���� = Significant, in Favor for the 

challenging Technique; -- = Inconclusive or Statistically not Significant 

Study Purpose Study Context Results 

   HShare HEff HFault 

[Thelin et 

al. 01] 

UBR-prio vs. 

UBR-random 
• Lund Univ. 

• 27 B.Sc.  

• Design (Taxi) 

 

☺ 

 

☺ 

 

☺ 

[Thelin et 

al. 03a] 

UBR vs. CBR • BTH 

• 23 M.Sc. 

• Design (Taxi) 

 

☺ 

 

☺ 

 

☺ 

[Thelin et 

al. 02] 

UBR-pre vs. 

UBR-util 
• Lund Univ. + BTH 

• 34 B.Sc. + 48 M.Sc. 

• Design (Taxi) 

 

☺ 

 

☺ 

 

☺ 

[Erlansson 

et al. 02] 

UBR vs. CBR • Lund Univ. 

• 29 M.Sc. 

• Requirements (Taxi) 

 

-- 

 

� 

 

[Andersson 

et al. 03] 

UBR vs. UBT • BTH 

• 51 M.Sc. 

• Design (Taxi) 

 

☺ 

 

☺ 

 

-- 

[Thelin et 

al. 04] 

UBR vs. CBR • BTH 

• 62 M.Sc. 

• Design (Taxi) 

 

☺ 

 

☺ 

 

☺ 

[Winkler 

et al. 04] 

UBR vs. CBR 

and UBR-ir 
• Vienna Univ. 

• 131 (B.Sc. + M.Sc.) 

• Design (Taxi) 

 

☺ 
 

 

☺ 

 

☺ 

 

In Table 3-4 all studies on usage-based reading are summarized including the 

purpose, the studies’ context and the results in respect of effectiveness (HShare), 

efficiency (HEff) and sets of faults (HFault). One can see that all modifications 

[Thelin et al. 01, Thelin et al. 02, Winkler et al. 04] to the original version of 

usage-based reading with prioritized and pre-developed use-cases did not lead to 

improved performance. Moreover, usage-based reading outperformed checklist-

based reading [Thelin et al. 03a, Erlansson et al. 02, Winkler et al. 04] and usage-

based testing [Andersson et al. 03]. Only one study showed results in favor for 

checklist-based reading applied on a requirements document [Erlansson et al. 02]. 

However, in this study the students were not properly trained and they conducted 

the experiment within a non-controlled environment.  Moreover we can see that 

the number of subjects range from 23 to 131 and that most of the studies involved 

Master students because they are closer to people working in industry. All studies 

used the same experimental package and only one study changed the document 

under inspection. 

The previous work on usage-based reading also influenced several decisions 

made in this study. First of all, in the study of [Erlansson et al. 02] where 

checklist-based reading outperformed usage-based reading the researchers 

modified the study context and the operation of the experiment. In particular, they 

changed the document under inspection (i. e. requirements instead of design) and 

also the operation of the experiment (i. e. the subjects execute the experiment at 
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home without prior training). Thus one cannot say whether the result is caused by 

the change of document under inspection or the operation of the experiment. 

Consequently, in this thesis the operation of the experiment is modified as less as 

possible. That means the experiment is executed within a controlled and academic 

environment. Furthermore, the subjects are trained before starting the real 

inspection.  Another study [Thelin et al. 02] found that the outcome of the 

experiment was influenced by the experience of the reviewers in use-case 

development and the time for the inspection. Therefore, the subjects in my study 

use the original version of usage-based reading with pre-developed use-cases so 

that the result becomes less dependent on the ability to develop use-cases.  

In relation to the previous studies conducted with usage-based reading, the 

work in this thesis belongs to the first group of investigations, i. e. it investigates 

modifications to the original rank-based version of usage-based reading. In 

particular, a time-budget is assigned to each use-case and this study aims at 

figuring out whether this leads to performance improvements when being 

compared to usage-based reading rank-based.  
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 Chapter 

4. THE EXPERIMENT 
4 

 

 

In this chapter the research design of the experiment conducted for my study is presented. 

Therefore the experiment becomes replicable and thus other researchers are able to confirm 

or disprove the results so that the confidence in the results can be increased. Section 4.1 

provides a short and concise overview of the experiment definition. Based on this, section 4.2 

describes the preparation and planning of the experiment. Thereafter, section 4.2 describes 

how the experiment was executed. The reader needs to know that the before mentioned 

sections just describe how the definition, planning and operation of the experiment looks like, 

but not the implications for the studies validity. This information is provided in a separate 

section (4.4). 

 

 

4.1. Experiment Definition 
 

The goal of the experiment definition is to assure that all important aspects are 

considered before the experiment is planned and conducted [Wohlin et al. 00]. The 

definition template of this study is: 

 

Analyze UBR-time-controlled and UBR-rank-based 

For the purpose of evaluation 

With respect to efficiency and effectiveness 

From the point of view of the researcher 

In the context of M.Sc. students inspecting a design document 

 

The definition shows that the objects of the analysis are the two versions of 

usage-based reading, i. e. time-controlled and rank-based. The purpose is the 

evaluation of the impact the two techniques have on effectiveness and efficiency. 

Moreover, the results are interpreted from the point of view of the researcher, i. e. 

he draws conclusions from the collected data. According to [Wohlin et al. 00] the 

context describes the environment in which the study takes place. The 

environment is characterized by the persons involved in the study and the software 

artefacts they work with. The subjects are Masters’ students inspecting the design 

document of the taxi management system that was used in all former experiments. 

Further details of the different elements of the definition are provided in the next 

section.  

4.2. Preparation and Planning of the Experiment 
 

The preparation and planning section explains the elements of the experiment 

definition in a more detailed way. First of all, the sampling strategy and 
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experimental package are described. The sample and experimental package define 

the context of the study. Thereafter, the independent variables (treatments) and 

dependent variables (measurements) are explained. Moreover the hypothesis, i. e. 

null-hypothesis and alternative hypothesis for the experiment are formulated. The 

last section (design principle) explains how the subjects are assigned to the 

techniques as well as the statistical methods used for evaluation.  

4.2.1. Sample Selection and Commitment 

 

The subjects of  my study are selected using the convenience-sampling strategy, i. 

e. easily accessible persons are selected [Wohlin et al. 00]. The subjects are 

students because people in industry are tightly involved in their projects and thus 

cannot make enough free time to participate in such an experiment. In particular 

the sample consisted of 23 M.Sc. students at Blekinge Institute of Technology in 

Sweden. The experiment was conducted in the context of the course software 

project management. A questionnaire was handed out to the students in order to 

figure out how experienced they are in the topics relevant for the experiment. 

Examples are experience in design inspections, programming and use-cases. The  

result of the questionnaire showed that the experience of the students can be 

characterized as heterogeneous because most of them are foreign students from all 

over the world. Consequently they have gained different educational as well as 

different practical experience.  However, they all have at least one year experience 

from software projects because this is a prerequisite for being admitted to the 

software engineering program at Blekinge Institute of Technology. The students 

who studied at Blekinge Institute of Technology before in order to get their 

Bachelors’ degree have participated in several projects involving real customers. 

Moreover, these students were involved in a large-scale project with about 15 

team-members and a real industry partner.  When comparing the sample in my 

study to the samples of the former studies presented in section 3.2 one can see that 

it is quite different because the amount of international students increased 

drastically in the last two years. Thus, even though this new experiment was also 

conducted at Blekinge Institute of Technology the sample characteristics cannot be 

considered the same because of mixed cultures and difference in experience and 

background knowledge of the subjects.  

In order to gain the students’ commitment, a presentation was given about the 

intention of the study, i. e. to compare two different inspection techniques in 

respect of effectiveness and efficiency with the goal of evaluation. Moreover, they 

got a short introduction into the topic of software inspections in general and why 

software inspections are beneficial in particular. Because of research ethnical 

reasons, the students were not forced to participate. Instead they voted whether 

they want to participate. Hereby, the majority of students voted in favorfor the 

experiment, i. e. after that they were obligated to participate in the study as a 

mandatory part of the course. To increase the benefit for the students in the context 

of project management Kari Rönkkö and Kai Petersen developed an assignment 

description where the students shall reflect upon the experiment in respect of 

limitations and strengths of experiments as a basis for management decisions. 

Hereby no theoretical discussion was expected from the students, but they were 

asked to describe what they perceived during the experiment. For instance, the 

students were asked how they understood the instructions and intentions of the 
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experiment and how their own experience and background influenced their 

decisions during the course of the experiment. The reports delivered by the 

students included valuable information concerning how the operation of the 

experiment as well as the techniques used could be improved (see section 5.2 – 

Questionnaire and Assignment Data). After the reports were written, a seminar 

was held where the students discussed interesting issues from the reports. 

4.2.2. Experimental Package 

 

The experimental package is the same as for all former experiments (see section 

3.2). It was developed at Lund University by several researchers working at the 

Department of Communication Systems. The experimental package includes the 

taxi management system. The goal of the system is to manage the orders of 

customers submitted either to the taxi central or to the taxi driver. Moreover, the 

system is able to dispatch orders to available taxis [Andersson et al. 03].  

Some modifications are made to the documents included in the package in 

order to align the package to the goals of this study. An overview of the different 

documents is provided in the following. For the subjects applying rank-based 

reading no modifications have to be made to the documents. However, for time-

controlled reading the instructions presented in the guideline document and the 

use-cases required some changes.  

 

• Textual requirements: The requirements are formulated in natural language. 

They are written in English so that Swedish as well as foreign students can 

understand them. Moreover it shall be emphasized that nobody of the 

participants had English as their native language and that the documents were 

written in English in all former experiments. For this experiment, the 

requirements are assumed to be correct, i. e. if there are inconsistencies 

between the design document under inspection and the textual requirements 

then the reviewer shall assume that the design is incorrect [Thelin02].  

 

 

Figure 4-1 - Example of a Use-Case in Task Notation for Time-Controlled Reading 

• Use-case document: The use-case document originally consisted of 24 use-

cases. However, since there was not so much time available (2 hours) for this 

experiment, the last five use-cases (i. e. use-cases with low priority) are 

removed so that it becomes more likely that the reviewer is able to utilize all of 

them within the given time. Moreover, the use-cases were prioritized using 
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AHP [Karlsson&Ryan93] by five researchers working at Lund University. 

Since the prioritization was done by independent people with good domain 

knowledge who have to agree on the order of the use-cases, the result can be 

considered as valid  [Thelin02]. For time-controlled reading time-budgets need 

to be assigned to every use-case. Since the detailed information from the 

original AHP prioritization is lost, the 100-point method is applied to assign 

the times to the use-cases. Hereby, the prioritized order of the use-cases is kept 

and use-cases with a higher priority received more points than use-cases with a 

lower priority. Through this, the prioritization remains more valid compared to 

a completely new prioritization conducted by only one person with less domain 

knowledge. The use-cases are formulated in task-notation [Lausen02]. An 

example of a use-case for the time-controlled version of usage-based reading 

can be seen in figure 4-1. It consists of four parts. In the beginning, the main 

task (display traffic overview) is stated. After that, the purpose states the 

rationale why the use-case exist. Thereafter the main task is broken down into 

sub-tasks of lower abstraction. In the end, possible variants of the sub-tasks are 

stated. One can also see the time-budget assigned to the use-case (here 10 

minutes) determining the duration for which the use-case should be utilized.  

 

• Design document: The size of the design document is 2300 words on 9 pages. 

In the beginning of the document, the reviewer gets a design overview 

describing the components of the system and how they communicate with each 

other through signals. The signals and their parameters are listed in the section 

“Interface Description”. After that two scenarios, one special case and one 

normal case, are described in the notation of Message Sequence Charts (MSC) 

[Thelin02]. Within the document a total of 38 faults exist. The faults are 

divided into three classes, namely A, B and C. The characteristics of the fault-

classes are defined as follows: 

 

o A-faults: These are crucial faults from the user’s perspective. That 

means they are often used and concern functionality that is considered 

important by the user. As an example [Thelin et al. 01] present the log-

in function. Every time the user wants to work with the system, this 

functionality is concerned and if it does not work properly the user has 

no access to the system at all.  

 

o B-faults: This class of faults is considered to be important from the 

point of view of the user, i. e. B-faults have impact on important 

functionality which is seldom used or they have impact on less 

important functionality which is frequently used. According to [Thelin 

et al. 01] such functionality could be the log-out system. 

 

o C-faults: These faults concern functionality that is not considered as 

important, i. e. it concerns nice-to-have features. In other words, if this 

functionality breaks down the system is still operational at a 

satisfactory level from the user’s point of view.  
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• Inspection record form: In this form, the reviewer documents the individual 

inspection process. He logs sessions for overview reading and inspection. 

Moreover, he logs the faults he found, the use-case he utilized to find the fault, 

the section in which the fault is located, the time when the fault was found and 

a short description of the fault so that the researcher can judge whether it is a 

false positive or a really existing fault. The purpose of the inspection record 

from the point of view of the reviewer is to make it easier for him to log all the 

relevant information and not forgetting something important. From the point of 

view of the researcher the form makes it easier to evaluate the data produced 

by the reviewer.  

 

• Guidelines: The guidelines are a concise description of the reading process. 

They state the maximum time assigned to overview-reading. Moreover they 

provide a short description of the technique, so that the student has information 

at hand what he is supposed to do during the whole experiment. The guidelines 

also provide instructions of what to do when the inspection is finished. For the 

time-controlled version of usage-based reading, the introductions have to be 

slightly changed, so that the maximum time-budgets for each use-case are 

taken into consideration.  

 

• Feedback Questionnaire: In the questionnaire the reviewer is asked for his 

opinion about the technique. Moreover he shall rate on a scale how well he 

followed the method and how hard it was to apply the method. This helps to 

determine whether the reviewer executed the technique as intended. He is also 

encouraged to make improvement suggestions and to comment on the quality 

of the documents in order to further improve the experimental package.  

4.2.3. Variables 

 

Two types of variables are usually considered in controlled experiments, i. e. 

independent and dependent variables. Independent variables can be controlled by 

the researcher. The independent variable affecting the dependent variables is called 

a factor. One particular value of the independent variable is called a treatment 

[Wohlin et al. 00]. In the case of my study, the factor is the inspection technique 

and the two values of this factor (i. e. treatments) are usage-based reading rank-

based and usage-based reading time-controlled.  

Dependent variables are affected by the treatment and they have to be 

measured in order to say something about the cause-affect relationship between 

treatment and dependent variable [Wohlin et al. 00]. Here, indirect and direct 

measurements are distinguished. A direct measurement does not require a 

reference to other measurements while an indirect measurement does 

[Fenton&Pfleeger97]. The following dependent variables have to be collected by 

direct measurements in order to determine efficiency and effectiveness [Thelin02]: 

 

• Time spent on overview reading in minutes 

• Time spent on inspection in minutes 

• Time when each fault was found by the reviewer in minutes from the 

beginning of the inspection  
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From these direct measurements, the indirect measurements for effectiveness 

and efficiency are calculated according to the following formulas [Thelin02]: 

 

• 
TimeInspectionTimeadingRe

FoundFaultsofNumber
*60Efficiency

+
=  

 

• 
FaultsofNumberTotal

FoundFaultsofNumber
essEffectiven =  

 

Moreover, the variable experience might affect the dependent variables. If the 

variable experience is not taken into consideration, one group might consist of 

much more experienced reviewers. Thus, the result of the experiment is not 

primarily affected by the factor reading-technique, but also by the experience of 

the reviewer. In order to make the variable experience controllable a questionnaire 

was handed out to the participants a few weeks prior to the experiment where they 

rated their experience on an ordinal scale. How the controlled variable experience 

was handled in detail is discussed in section 4.2.5 (design principle).  

4.2.4. Hypothesis 

 

The variables presented in section 4.2.3 are measured so that the hypothesis can be 

evaluated. According to [Wohlin et al. 00] it is always necessary to formulate two 

types of hypothesis, i. e. null-hypothesis (H0) and alternative hypothesis (Ha). 

[Wohlin et al. 00] explains a null hypothesis as the assumption that there are no 

patterns or trends in the results of the experiment. In other words, small differences 

between two treatments are just coincidental. In consequence a null-hypothesis 

states that there is no difference regarding one measurement for two different 

treatments. As [Wohlin et al. 00] points out, the researcher’s goal is to reject the 

null-hypothesis so that he can make claims about trends and patterns. In this thesis 

the null-hypotheses are stated using the following syntax:  

 

H0, Measurement x = Measurementx (Treatment1) = Measurementx (Treatment2) 

 

On the other hand, alternative hypotheses state that one treatment leads to 

better results than another treatment in respect of the same measurement [Wohlin 

et al. 00].  Therefore, the researcher has to formulate his hypothesis in favorfor one 

of the treatments. In my thesis, the alternative hypotheses are formulated in 

favorfor usage-based reading time-controlled. The syntax used for alternative 

hypothesis is: 

 

Ha, Measurement x = Measurementx (Treatment1) > Measurementx (Treatment2) 

 

In the following the research questions and correspondent hypotheses helping 

to answer the research questions are presented. The research questions for 

efficiency and effectiveness (Q1 and Q2) require six hypothesis in total. In 

particular the null-hypothesis and alternative hypothesis need to be evaluated for 

all faults, A-faults and A&B-faults. In consequence rank-based reading and time-

controlled reading are compared according to their general performance (all faults) 
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and their performance in finding the most critical faults (A-faults and A&B-faults). 

As mentioned before, it is important to not just consider all faults because then no 

claims could be made whether usage-based reading works as intended since the 

purpose of usage-based reading is to guide the reviewer to the most critical faults.  

 

Q1: Is Usage-Based reading (time-controlled) more effective in finding the most 

critical faults? 

 

H0, Share all := Shareall(UBR-time-controlled) = Shareall(UBR-rank-based)  

Ha, Share all := Shareall(UBR-time-controlled) > Shareall(UBR-rank-based)  

 

H0, Share a := Sharea(UBR-time-controlled) = Sharea(UBR-rank-based)  

Ha, Share a := Sharea(UBR-time-controlled) > Sharea(UBR-rank-based)  

 

H0, Share a+b := Sharea+b(UBR-time-controlled) = Sharea+b(UBR-rank-based)  

Ha, Share a+b := Sharea+b(UBR-time-controlled) > Sharea+b(UBR-rank-based) 

 

Q2: Is Usage-Based reading (time-controlled) more efficient in finding the most 

critical faults? 

 

H0, Eff all := Effall(UBR-time-controlled) = Effall(UBR-rank-based)  

Ha, Eff all := Effall(UBR-time-controlled) > Effall(UBR-rank-based)  

 

H0, Eff a := Effa(UBR-time-controlled) = Effa(UBR-rank-based)  

Ha, Eff a := Effa(UBR-time-controlled) > Effa(UBR-rank-based)  

 

H0, Eff a+b := Effa+b(UBR-time-controlled) = Effa+b(UBR-rank-based)  

Ha, Eff a+b := Effa+b(UBR-time-controlled) > Effa+b(UBR-rank-based) 

 

The last hypotheses concerning research question three reveals whether 

different sets of faults are detected by the two treatments. Thus, the number of 

faults are counted for each of the 13 A-faults and 14 B-faults. From the statistical 

test applied on H0, fault one can make claims of whether the technique guided the 

reviewer to different sets of faults. Assumed that there is a difference, one might 

also claim that there is a higher probability to find faults of higher importance with 

time-controlled reading.  

 

Q3: Are different faults detected when using different ways (i. e. time-controlled 

and rank-based reading) of utilizing the prioritized use-cases? 

 

H0, fault := Fault(UBR-time-controlled) = Fault(UBR-rank-based) 

Ha, fault := Fault(UBR-time-controlled) ≠ Fault (UBR-rank-based) 

4.2.5. Design Principle 

 

The standard design types for an experiment can be selected based on the number 

of factors and treatments [Wohlin et al. 00]. This study has one factor (reading 

technique) and two treatments (time-controlled reading and rank-based reading). 
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As [Wohlin et al. 00] points out the most common approach is to compare the 

mean or median values of the depended variable for the two treatments.  

The students are assigned to the treatments with the help of the controlled 

variable experience so that the groups applying the treatments are similar 

regarding experience. Else, one cannot say whether the result of the study is 

affected by the treatment or the expertise of the subjects. Hence, three groups of 

students are formed. One group has high experience in programming, inspections 

and use-cases which are considered to be the most important areas of expertise in 

order to execute the experiment successfully. The second group has a mediate 

level of experience and the last group has quite limited experience. After that the 

subjects of each of the groups are randomly assigned to the techniques usage-

based reading and rank-based reading. The same approach was followed in the 

study of [Thelin et al. 04]. As mentioned in the literature review section, the 

students in this study were a mixture of Swedish and foreign students and thus 

have different backgrounds. Therefore blocking in such a way becomes necessary. 

Since most of the students in my study are foreign students with different 

backgrounds, it is reasonable to follow the same approach.  

The analysis of the study is made in three steps. In step one, the collected data 

is evaluated by descriptive statistics and graphically illustrated by box-plots 

showing median values and dispersion of data as well as histograms showing 

frequencies. In particular, efficiency and effectiveness are graphically illustrated as 

box-plots. Fault data, i. e. the frequency of how often a certain fault was found is 

graphically illustrated as histograms. Here outliers and invalid data-points are also 

discovered. For instance, some data points have to be removed because 

participants in the study did not take the inspection task seriously or they 

performed significantly better than the other subjects in their group (outlier).   

Thereafter in step two the hypotheses have to be tested. Before this could be 

done the data has to be checked for normal distribution because this influences the 

selection of statistical tests. Moreover, the design (one-factor with two treatments) 

affects this selection. In order to test whether the null-hypothesis for research 

question one and two can be rejected, the t-test [Siegel&Castellan88] is used for 

normally distributed data points while the non-parametric Mann-Whitney test 

[Siegel&Castellan88] is used for non-normal distribution. Data points are normally 

distributed when the data set has the same values of median, mean and mode 

[Wohlin et al. 00]. Since research question three concerns frequencies of how 

often certain faults were found, the chi-que test [Siegel&Castellan88] is applied in 

order to figure out whether the null-hypothesis can be rejected. As explained 

before, the results of the statistical tests are so-called p-values representing the 

lowest possible significance with which a null-hypothesis can be rejected [Wohlin 

et al. 00]. The p-value lies within the interval [0.00; 1.00] and the smaller the p-

value, the higher is the difference between the two data-sets compared by the 

statistical test. To reject a null-hypothesis the p-value has to be smaller than the 

beforehand decided level of significance ˵. When the level of significance is very 

small, it is harder to reject a null-hypothesis. Usually the level of significance is set 

to ˵ = 0.05 as done in all former experiments. This means, the chance of being 

right should be at least 95 %. A p-value within the interval [0.001; 0.05] is 

considered as statistically significant while a p-value of p < 0.001 indicates high 

statistical significance. More detailed information of the statistical tests can be 

found in Appendix II – Theory of the Statistical Tests.   
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The last step concerns the discussion of the results derived from the data-sets 

in step two. Here the point of view of the researcher comes into play. He interprets 

the results of the study and draws conclusions. In this study it is my task to make 

claims and motivate whether time-controlled reading performs better than usage-

based reading or not. Moreover, qualitative aspects of experimental design and the 

reading techniques are discussed based on the data collected through the 

assignment and feedback questionnaire.   

4.3. Operation of the Experiment 
 

The experiment is executed in three different sessions on the 14
th

 of October in 

2005 at Blekinge Institute of Technology in Sweden.  

In session one the student’s are informed about general issues of the 

experiment and the documents within the experiment package. General issues 

include the goal of the experiment (i. e. to compare two different inspection 

techniques with the purpose of  performance evaluation) and the goal for the 

student (i. e. to gain an awareness of limitations and strengths of experimental 

results as a basis for management decisions). Moreover, anonymity of the results is 

guaranteed and the students are informed that their performance in the experiment 

is not part of the grading in the course project management. After that the students 

are provided with information of the documents they are going to work with. This 

includes an explanation of the taxi management system. Thus, the students already 

have an understanding what the basic functionality and purpose of the system is. 

Also the notations used in the document are explained so that the students are able 

to read and interpret the information provided in the documents correctly. In the 

end of the session the students are divided into the two groups formed with the 

help of the controlled variable experience as explained in section 4.2.5 (design 

principle).  

For session 2 both groups are distributed to two different class-rooms where 

each group gets an introduction to their particular technique, i. e. one group is 

introduced to usage-based reading rank-based while the other group is introduced 

to usage-based reading time-controlled. In the presentations the students are 

informed that they are not allowed to discuss their technique with members of the 

other group until after the experiment. Hereby the students receive the following 

instructions: 

 

1. Read the documents (overview-reading) in order to understand them, don’t do 

this for longer than 45 minutes. 

2. Inspect the document guided by the use-cases (for one group time-controlled 

reading was explained and for the other group rank-based reading), you have 

two hours for this. 

3. Use the requirements document as reference. The requirements document is 

assumed to be correct. That means, if you identify inconsistencies between 

requirements and the design document under inspection, you have to document 

this as a fault in the design. 

4. Record the time spent and faults found in the inspection record form.  

5. When finished, log the clock-time and last use-case utilized. Fill in the 

feedback questionnaire and hand in everything.   
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Themed experiencing something is better than just learning by listening the 

students conduct a small inspection. Thus they learn how to apply the reading 

techniques and how to use the inspection record form. Moreover, 

misunderstandings between the presenter (designer of the study) and student can 

be discovered during the lunch break between session 2 and 3. These issues are 

used to rectify mistaken instructions in the beginning of session 3, prior to the real 

experiment. As toy-system a can-machine example developed by Thomas Thelin is 

used. The experimental package including the toy-system consists of the same 

documents and uses the same notation as the taxi management system. 

In session 3 both groups conduct the real inspection within the rooms where 

the instruction to the techniques was held, here they review the taxi management 

system. Before starting the inspection, the students are informed about mistaken 

issues from the instructions. After that they conduct the inspection for two hours. 

When they are finished, they fill in the experience questionnaire and hand in 

everything.  In table 4-1 the whole experiment operation including times and 

themes for each session is summarized.  

 

Table 4-1 - Overview of Experiment Operation 

 Time Group 1 Group 2 

10:00-11:45 

(Session 1) 

45 Min. 

 

Overview Session and System Introduction 

11:00-12:00 

(Session 2) 

1 h 

 

Introduction to Usage-

Based Reading (time-

controlled) 

Introduction to Usage-

Based Reading (rank-

based) 

13:00-16:45 

(Session 3) 

2 h Individual inspection (preparation) of the taxi 

management system  

17:00-17:15 

(Session 3) 

15 Min. 

 

Feedback Questionnaire 

 

4.4. Threats to Validity in Experimental Planning 
 

By considering validity threats already in the planning phase of an experiment it is 

more likely that the validity of the results is high. Thus the results can be 

generalized for the desired population [Wohlin et al. 00]. In this section possible 

validity threats in my study are discussed. The validity discussion in this section is 

done from the pre-experiment standpoint, i. e. the design phase. Validity threats 

that really occurred due to something unexpected happening during the operation 

of the experiment are not considered within the methodology section because they 

are not known prior to the experiment. Instead, those threats are considered from 

the post-experiment standpoint, i. e. within the result section.  

Four types of validity are frequently discussed, i. e. conclusion validity, 

internal validity, construct validity and external validity [Wohlin et al. 00]. The 

following subsections discuss the validity threats relevant for my study and 

describe how they are addressed by the study’s design.  
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4.4.1. Conclusion Validity 

 

Conclusion validity is concerned “with issues that affect the ability to draw the 

correct conclusions about relations between the treatment and the outcome of an 

experiment” [Wohlin et al. 00]. 

 

One threat in this context is low reliability of the statistical tests. This threat is 

encountered by the selection of non-parametric tests. Such tests do not assume that 

the data set follows a certain pattern of distribution (e. g. normal distribution). 

Thus the assumptions made by the tests are likely to be fulfilled. Another threat is 

that the treatment implementation differs between the subjects. For instance, the 

difference in treatments can be caused by discussions between subjects, i. e. the 

discussion might change the view of the subject on the treatment and thus an 

unintended difference occurs. This threat is minimized by separating the students 

into two groups and forbidding them to talk with one another. Another threat is the 

heterogenic characteristic of the subjects who are all graduate students from 

different countries, i. e. they have quite different experience and backgrounds. As 

[Wohlin et al. 00] points out undergraduate students are more likely to be 

heterogenic, but it is harder to generalize the results from such a sample to a 

population. Therefore, the threat of heterogeneity of subjects is accepted in this 

study in favorfor external validity, i. e. the ability to generalize the results of the 

study to industry practice. In summary, the threats to conclusion validity can be 

considered under control.  

4.4.2. Internal Validity  

 

Threats to internal validity are concerned with “influences affecting the 

independent variable with respect to causality without the researcher’s 

knowledge” [Wohlin et al. 00]. 

 

Imitation of treatments and compensatory rivalry are common threats to 

internal validity when two groups with different treatments are involved [Wohlin 

et al. 00]. An example for imitation of treatments is when somebody in one group 

learns about the technique applied by the other group and thus imitates their 

behaviour. For instance, one group member from the rank-based group notices that 

the students in the time-controlled group progress faster with their use-cases, he 

might speed up his own pace of work. Rivalry is concerned with the intention of a 

subject to prove that the traditional technique can compete with the new one and 

thus he might try to influence the outcome of the experiment negatively or 

positively. However, in this study the threats of imitations of treatments and 

rivalry are considered to be low because the subjects are divided into two groups 

and not allowed to talk with one another about their treatments. Furthermore one 

group would gain nothing by performing better than the other group because both 

techniques are new and quite similar. The students are also informed that their 

performance in the experiment is not part of the grading. Another threat to internal 

validity is a lack of quality of the instruments used, e. g. quality of collection 

forms, documents to be inspected and so forth. Since the documents were used in 

all former experiments they are thoroughly tested and thus this threat is minimized. 

Moreover the documents were developed by researchers with good domain 



 

 

 43 

knowledge in the taxi domain and experience in software engineering. On the 

other hand the recurrent use of the same instrument has a negative impact on 

external validity as further discussed in section 4.4.4. A further threat is that the 

experience of the subjects affects the result of the experiment besides the 

treatments. This threat is controlled by the experience questionnaire and by putting 

the students into three groups of highly experienced, median experienced and less 

experienced students within the relevant fields of expertise and assigning them 

randomly to the treatments. Hence, it can be assumed that possible threats to 

internal validity are also under control. 

4.4.3. Construct Validity 

 

Construct validity is the ability to “generalize the result of the experiment to the 

concept or theory behind the experiment” [Wohlin et al. 00]. 

 

A threat to construct validity is that the constructs of the study are not 

sufficiently defined. That means the goals and consequently the measurements are 

not clear, e. g. when one evaluates the performance of an inspection technique it is 

not defined what performance really means. In this study, the inspection 

performance is determined by standard measurements that were used in all former 

experiments. Furthermore biased judgement might threaten the objectivity of the 

prioritization of the use-cases. To minimize this threat, the prioritization was done 

by different researchers at Lund University with sound domain knowledge in the 

taxi management domain. Thus the prioritization result becomes more objective. 

In addition the expectations of the experimenter could be a threat to conclusion 

validity because he might tweak the results in order to fulfil his own expectations 

of the experiment, consciously or unconsciously. However, this threat can also be 

considered as quite low because the experimenter did not invent the technique and 

thus has a more objective view on the experiment. A further validity threat is 

hypothesis guessing. When subjects figure out what the designer has in mind, they 

might change their behaviour based on their attitude towards the hypotheses. For 

instance, one subject might think that usage-based reading time-controlled must 

perform better but he is applying rank-based reading and thus he performs worse. 

This threat is (as former threats concerning conclusion and internal validity) 

addressed by separating the subjects according to their treatments and by 

forbidding them to talk about the experiment. Summarized one can say that the 

threats to construct validity are also under control.  

4.4.4. External Validity 

 

External validity is the ability to “generalize the results of an experiment to 

industrial practice” [Wohlin et al. 00].  

 

It is always a threat to external validity to have students as subjects. However, 

when using students it is desirable to win Masters students for the experiment 

because they have more experience and thus are more similar to people working in 

industry than undergraduate students. In this particular case, the students all have 

practical experience from projects because this is a prerequisite in order to get 

admitted to the Master Program in Software Engineering at Blekinge Institute of 
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Technology. Thus the students participating in this study can be considered as 

similar to people who have started working in industry for about a year. Another 

threat is the use of toy-systems because such material is not representative of 

industrial practice. The system used in this study is based on a real-world problem, 

but it is scaled down to a manageable size. From this point of view the results can 

be generalized to industrial practice. However, as explained before the package 

was used in all experiments. This also threatens the external validity because one 

does not know if the result of the studies is dependent on this particular design. 

That means, it is important to change the package in further experiments. The 

threats to external validity can be considered as the most crucial ones because the 

result cannot be generalized to people working in industry for several years.  

4.5. Summary 
 

The experiment is defined as follows:  

 

Analyze UBR-time-controlled and UBR-rank-based 

For the purpose of evaluation 

With respect to efficiency and effectiveness 

From the point of view of the researcher 

In the context of M.Sc. students inspecting a design document 

 

The sample (23 M.Sc. students participating in the course project management 

at Blekinge Institute of Technology) is selected following the convenience 

sampling strategy. The sample is considered to be similar to people in industry 

working there for about a year. Moreover, the background knowledge of the 

sample is heterogeneous.  

During the experiment the students work with the taxi management system. 

The whole experimental package was developed at Lund University and consists 

of textual requirements, use-cases, design document, inspection record form, 

guidelines and feedback questionnaire. Within the design 13 A-faults, 14 B-faults 

and 11 C-faults are seeded.  

The variables (treatments) of the experiment are time-controlled and rank-

based reading. They affect the dependent variables including direct and indirect 

measures. The direct measures are time spent on overview reading and inspection 

as well as the time when each fault was found from the beginning of the 

inspection. The indirect measurements are efficiency and effectiveness calculated 

based on the direct measures. Further, the controlled variable experience is also 

considered because the experience and background of the sample is 

heterogeneous..  

In order to evaluate the performance the null-hypotheses and alternative 

hypotheses are formulated for effectiveness and efficiency regarding all faults, A-

faults and A&B-faults. Moreover hypotheses are stated for the frequency of certain 

faults found.  

The design of the study has one factor (reading-technique) and two treatments 

(time-controlled and rank-based reading). The students are assigned to the 

treatments based on the controlled variable experience following the blocking-

strategy [Wohlin et al. 00], i. e. the students are grouped according to their 

experience and then randomly assigned to the treatments. Based on the design type 
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and the assumption that the data is not distributed normally, the hypotheses are 

evaluated through the Mann-Whitney test and the chi-qui test for frequencies. In 

the end of the study, the results are interpreted from the point of view of the 

researcher.  

The operation of the experiment is conducted in three sessions. In session one 

an overview of the experiment and system is provided. The purpose of session two 

is to train the students in the techniques (treatments) they are going to apply. 

Hereby, the techniques are not just presented but the students try them out on a 

toy-system. In session three the two groups of students inspect the taxi 

management system using their treatments. When they are finished with the 

inspection, they fill in a feedback questionnaire. 

The validity of the study is considered to be high in respect of conclusion 

validity, internal validity and construct validity. However, the most considerable 

threats are related to external validity because students are used as subjects. 

In the next section, the results to which the design and operation of the 

experiment led are presented and interpreted.  
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 Chapter 

5. RESEARCH RESULTS 
5 

 

 

This chapter presents the results of this study in three steps. In step one (section 5.1) the 

collected data is statistically evaluated, this includes descriptive statistics and hypotheses 

testing. Step two (section 5.2) summarizes the results from the feedback questionnaire as well 

as interesting aspects from the reports delivered by the students. Step three (section 5.3) 

encompasses a discussion where the before presented data evaluation is summarized, 

discussed and interpreted from the point of view of the researcher.  

 

 

 

5.1. Statistical Evaluation of the Collected Data 
 

Four subjects had to be excluded before the data is evaluated because two students 

handed in blank inspection record forms and two students did not follow the 

reading process at all. Thus a total of 19 subjects remained and are included in the 

statistical analysis.  

This section summarizes the analysis of the collected data without 

interpretation, i. e. the data is illustrated by descriptive statistics and the hypotheses 

are tested through the non-parametric tests Mann-Whitney and chi-que since the 

data is not normally distributed.  

5.1.1. Time Data 

 

In session 2 the students were instructed to log the time they needed for overview 

reading and inspection. Overview reading means that they read through the 

requirements, design and use-cases in order get familiar with the system before 

starting the real inspection. The following table summarizes the average times for 

overview reading and individual inspection as well as the standard deviations.  

Table 5-1 - Values for Mean and Standard Deviation of Overview Reading and Individual 

Inspection  

 Mean (in Minutes) Standard Deviation 

 UBR-time UBR-rank UBR-time UBR-rank 

Overview 35.4 36.6 7.83 5.43 

Inspection 104.8 108.7 15.8 15.7 

Total 140.2 145.2 5.5 18.3 

 

The group that applied rank-based reading used a little more time for overview 

reading (1.2 minutes) and inspection (3.9 minutes). This also results in more time 

for the whole inspection of 5 minutes.  The high value of the standard deviation in 
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regard to individual inspection times can be explained by the fact that some 

subjects inspected the documents for quite a short time. In the case of rank-based 

reading two subjects only inspected the design for the duration of 78 and 90 

minutes. In the case of time-controlled reading two subjects utilized even less 

time, i. e. 74 and 82 minutes. 

In average the rank-based reading group utilized 12.3 use-cases. On the other 

hand, the group applying time-controlled reading utilized in average 14.6 use-

cases, i. e. 2.3 use-cases more than the time-controlled group. The still low number 

of use-cases utilized by the time-controlled group (they are supposed to utilize all 

19 use-cases within the given time-frame) can be explained by the short inspection 

time of three group-members (74 minutes, 82 minutes and 82 minutes) due to 

longer breaks. However, only two members of the rank-based group managed to 

utilize more than 17 use-cases while this was achieved by five members in the 

time-controlled group. Therefore, one could claim that due to the time-budgets 

assigned to the use-cases the group with time-controlled reading as treatment 

progressed quite faster with the use-cases and consequently utilized more of them.      

5.1.2. Individual Reviewer Performance 

 

The subjects logged the clock-time when they discovered a fault within the design 

document. Based on this data, the cumulative number of faults is plotted in a 

cumulative histogram for an average reviewer in the usage-based reading time-

controlled group (UBR-T) and the usage-based reading rank-based group (UBR-R) 

for the most critical faults, i. e. A-faults and A&B-faults as well as for all faults. 

For each point in time on the time-line the total number of defects discovered so 

far is standardized by the number of reviewers. In the figures the time-line is 

plotted on the x-coordinate and the cumulative number of faults can be found on 

the y-coordinate.  

In figure 5-1 the individual performance of an average reviewers in both 

groups is shown for all faults (A, B, C). We see that the number of faults found by 

an average reviewer in both groups is similar until minute 80. After that minute, 

the slope of the UBR-T curve increases and thus the UBR-T group found more 

faults than the UBR-R group in the end of the inspection (160th minute). In 

particular the UBR-T group found 17 % more faults than the UBR-R group. 

Consequently one can claim that the average reviewer applying time-controlled 

reading performed moderately better. 

The comparison of an average reviewer in UBR-T and UBR-R in respect of A-

faults is illustrated in figure 5-2. Here we see that there is only little difference 

between the reviewers applying rank-based and time-controlled reading. 

Consequently, in the end the average reviewers of both groups found a similar 

number of A-faults. In particular the average reviewer applying time-controlled 

reading found 2 % more A-faults and thus performed insignificantly better. 
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Individual Reviewer Performance, All Faults (A, B, C)
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Figure 5-1 - Cumulative Number of all Faults found by an Average Reviewer 

 

Individual Reviewer Performance, A-Faults
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Figure 5-2 - Cumulative Number of A-faults found by an Average Reviewer 

 

In figure 5-3 the individual performance of an average reviewer regarding 

A&B-faults is shown. We see that the curves look quite similar to the ones 

illustrated in figure 5-1 where the number of all faults found is shown. The slope 

of the UBR-T also increased after minute 80 and as a consequence of this the 

average reviewer  applying time-controlled reading found 13 % more A&B-faults. 
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Individual Reviewer Performance, A+B-Faults
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Figure 5-3 - Cumulative Number of A&B-faults found by an Average Reviewer 

 

In summary the individual reviewer performed better in finding all faults, A-

faults and A&B-faults. However, the difference is not quite large between UBR-T 

and UBR-R in respect of all faults and A&B-faults. For A-faults the difference is 

insignificant. 

5.1.3. Deviations of Fault Data 

 

The design document includes a total of 13 A-faults, 14 B-faults and 11 C-faults. 

This section shows the share of reviewers discovered certain A-faults and A&B-

faults by applying the different treatments. The results are illustrated in form of bar 

plots where the x-coordinate shows the identifier of the faults seeded in the design 

document and the y-coordinate represents the share of reviewers finding the faults. 

One could also use the absolute number of faults found, but in this case it is 

reasonable to use the share of reviewers because the number of reviewers differs 

between the groups.  

Even though the average reviewer in both groups found a similar number of 

class A-faults, the histogram in figure 5-4 indicates that the groups found 

moderately different A-faults. It attracts attention that the group that applied time-

controlled reading was able to discover all class A-faults. In contrast to this, the 

group applying rank-based reading missed the A-faults number 4 and 8. However, 

fault 4 was only discovered by one reviewer and fault 8 by two reviewers. A 

similar share of reviewers found faults no. 3, 6, 11 and 13. Moreover quite more 

reviewers in the UBR-T group found faults no. 2, 7 and 12 while quite more 

reviewers in the UBR-R group found faults no. 1, 5 and 10.   
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Figure 5-4 - Share of Reviewers that Found each A-Fault 
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Figure 5-5 - Share of Reviewers that Found each B-Fault 

In figure 5-5 the share of reviewers finding class B-faults is plotted. Here one 

can see that both techniques missed the faults no. 16, 18 and 22. The reviewers 

applying UBR-T were able to discover the unique B-fault no. 25 while the 

reviewers applying UBR-R found unique fault no. 20. Moreover the figure 

indicates that UBR-T reviewers performed better in finding class B-faults, in 

particular they found a lot more faults with the number 14, 17 and 26. On the other 

hand, moderate more UBR-R reviewers detected faults no. 23 and 24. 

When looking at the descriptive statistics, it seems that slightly different faults 

are discovered. However, in order to see whether the difference is statistically 

significant the chi-qui test is applied on the frequencies of how often the 38 faults 
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included in the design were found by the two groups of subjects applying rank-

based and time-controlled reading. The p-value of the chi-que test is p=0.818 

which is larger than ˵=0.05. Thus, the following hypothesis cannot be statistically 

rejected in this study: 

 

• H0, fault := Fault(UBR-time-controlled) = Fault(UBR-rank-based) 

 

Since the value of p = 0.818 is quite high, the similarity between the data sets 

can also be considered as high.  

5.1.4. Effectiveness and Efficiency 

 

The descriptive statistics show that rank-based reading and time-controlled reading 

are similar regarding individual reviewer performance and that there is no 

significant difference in the sets of faults discovered by both techniques. Hence, 

one can also assume that both techniques show similar results in respect of 

efficiency and effectiveness.  

Efficiency is defined as the number of faults discovered per hour while 

effectiveness is the share of faults found of the total number of faults. The figures  

5-6 and 5-7 show the box-plots illustrating effectiveness and efficiency for all 

faults, A-faults and A&B-faults. The plots illustrate how the data points are 

distributed. The top line of the box-plot represents the maximum value in the data 

set (e. g. the data set for UBR – time-controlled and all faults has a maximum 

value of 6.32). In contrast to this, the bottom line shows the lowest value within 

the data set, here 2.79. The line in the middle of the box plots breaks the whole 

data set into two equally large halves, i. e. the line represents the median value. 

Hereby the boxes around the median value illustrate the upper and lower quartile.  
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Figure 5-6 - Efficiency for all  Faults, A-Faults and A&B-Faults Illustrated by Box-Plots 
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Figure 5-6 shows that the box-plots lie on the same level of faults found per 

hour regarding all faults, A-faults and A&B-faults. Only the median values of all 

faults and A&B-faults are moderately higher. Therefore the figure indicates that 

time-controlled and rank-based reading are similar efficient. Moreover an outlier is 

identified (see round circle above the box-plot showing A-faults found per hour by 

UBR time-controlled). Outliers can be excluded when they are due to a reason that 

does not occur again. On the other hand, as suggested by [Wohlin et al. 00] the 

outlier should not be excluded if it exists due to rare events. In this case, the reason 

for the outlier was the good capabilities of the reviewer. This can also be found in 

the former experiments [Thelin et al. 04, Thelin et al. 02, Thelin et al. 03]. Hence, 

the statistical tests include the outlier. For efficiency the Mann-Whitney test 

delivers the following p-values: For all faults the p-value is p=0.367, for A-faults 

p=0.765 and for A&B-faults p=0.535. Since all these p-values are larger than 

˵=0.05 the following hypotheses cannot be rejected: 

 

• H0, Eff all := Effall(UBR-time-controlled) = Effall(UBR-rank-based)  

 

• H0, Eff a := Effa(UBR-time-controlled) = Effa(UBR-rank-based)  

 

• H0, Eff a+b := Effa+b(UBR-time-controlled) = Effa+b(UBR-rank-based)  
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Figure 5-7 - Effectiveness for all Faults, A-Faults and A&B-Faults Illustrated as Box-Plots 

Figure 5-7 reveals a similar pattern for effectiveness as for efficiency. Here the 

box-plots also lie on the same level regarding the share of faults found. 

Cumulative, the median values are nearly the same for both techniques. Hence, it 

seems that both techniques are also similar in respect of effectiveness. 

Furthermore, two outliers can be found. One outlier shows an over performer 

while the other outlier shows an underperformer. Since this can also be explained 
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with the capabilities of the subjects, the outliers are included in the analysis. The 

p-values calculated with the Mann-Whitney test are p=0.795 for all faults, p=0.951 

for A-faults and p=0.532 for A&B-faults. Consequently, the below stated 

hypotheses cannot be rejected: 

 

• H0, Share all := Shareall(UBR-time-controlled) = Shareall(UBR-rank-based)  

 

• H0, Share a := Sharea(UBR-time-controlled) = Sharea(UBR-rank-based)  

 

• H0, Share a+b := Sharea+b(UBR-time-controlled) = Sharea+b(UBR-rank-based)  

 

So far, we have seen that both techniques are quite similar in respect of 

performance. This was already indicated by descriptive statistics, i. e. there were 

only minor differences between the techniques regarding individual reviewer 

performance, fault content as well as efficiency and effectiveness. The statistical 

tests confirmed the similarities because none of the null-hypotheses could be 

rejected. Hence, no claims about alternative hypotheses can be made.  

5.2. Questionnaire and Assignment Data 
 

The subjects delivered feedback in two forms. First, they filled in a questionnaire 

including questions of how difficult they perceived the different techniques and 

how well they followed the reading process. The questions were answered on a 

scale. Moreover, the students had the possibility to describe what made the 

technique difficult and how they think the technique could be improved. Secondly, 

the students handed in an assignment where they describe what they perceived as a 

subject during the operation of the experiment. Hereby they provided comments 

on the techniques and the operation of the experiment. 

5.2.1. Feedback on the Reading Techniques  

 

This section shows how difficult the students perceived the reading techniques and 

how well they followed the reading process presented in section 3.1. Explanations 

why the statistical results look as they do can be found within the written 

assignments.  

In figure 5-8 the results from the question of how difficult the students 

perceived the different techniques are plotted. One should observe that this is the 

perceived difficulty of the techniques, i. e. it shows the subjective impression of 

the students. We can see that both groups perceived the difficultness of time-

controlled reading and rank-based reading in a similar way. The majority of 

students (about 50 %) perceived the techniques as neither easy nor difficult. One 

quarter perceived the techniques as easy and the last quarter found that they are 

somewhat difficult. Since both techniques are similar and the fact that the 

perception of difficultness is influenced by prior knowledge and experience it can 

be assumed that the groups are balanced quite well in respect of their experience. 

Even though the techniques are similar, the subjects applying time-controlled 

reading perceived their process conformance as lower than the subjects using rank-

based reading did (see figure 5-9). This becomes apparent because many more 
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UBR-R members think that they followed the process all the time (40 %) while 

only 10 % of the UBR-T members felt the same way. Moreover, only members in 

the UBR-T group claim that they followed the reading process sometimes (20 %) 

or seldom (10 %). In fact, two members using UBR-T who think that they did not 

follow the process properly had to be removed from the statistical evaluation due 

to lack of process conformance. Overall the filled in inspection material showed 

that the process was followed quite well by all remaining subjects. 
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Figure 5-8 - Bar-Plot Showing the Perceived Difficulty of Using UBR-Time-Controlled and 

UBR-Rank-Based 
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Figure 5-9 - Bar-Plot Showing the Perceived Conformance with the Inspection Process 



 

 

 55 

Within the assignment reports the subjects explain what made the techniques 

difficult and how they executed the reading process. Moreover the subjects in the 

UBR-T group provide explanations why they perceived their process conformance 

as not that good. In the following, the perceptions of the students are summarized 

and later on used to interpret the statistical results presented in the previous 

subsection 5.1.  

 

• Difficulties: None of the students mention that the reading technique itself was 

a problem. Instead most of the students found that the technique was quite 

clear and that there was no room for interpretation (i. e. the technique was like 

an algorithm to be executed). However, five students noted that they suffered 

from information overload regarding the system and the used notations. They 

say that it was too much to grasp and read through within the short time-frame 

given for overview reading (45 minutes).  

 

• Executing the reading-process: Several students described how they executed 

the reading process. Their descriptions are in-line with the instructions given, i. 

e. they executed the process as the designer had it in mind. Moreover, one 

student explained in detail what he did in his imagination when he followed the 

tasks of the use-cases. He said that he put himself into the shoes of the relevant 

actors working with the system (i. e. driver and operator) in order to 

understand the usage-scenario in a better way. Hereby he emphasizes that it 

was easy to do so because he already experienced the taxi domain as a 

customer. Concerning the requirements specification most of the students say 

that they utilized this document seldom or never because the use-cases 

reflected quite well what the system is supposed to do. This also eases the 

inspection process because they do not have to handle so many documents at 

once.  

 

• Process Conformance of Time-Controlled Reading: The students felt pressured 

by the time-constraints and found it hard to finish the tasks within given time-

frames. In particular, they felt that there was not enough time to make a 

judgement whether an issue within the design can be considered as a fault. 

Moreover it took them some time to describe the fault in the inspection record. 

Another problem related to the time-budgets was that besides handling the 

manifold documents (use-cases, design document, inspection record, 

requirements) the subjects also had to keep track of the time budgets 

themselves. As outlined in the student’s reports, this was perceived as quite 

hard. Therefore, some students suggested that the responsible for the 

experiment should hand out the next use-case when the time for the previous 

use-case is up.  

5.2.2. Feedback on Experiment Operation and Further Threats to 

Validity 

 

Within the written assignments the students also provided feedback on the 

operation of the experiment. It is important to also consider this feedback here 

because it shows validity threats occurring during the operation of the experiment 

and also provides valuable insights of how further experiments can be improved. 
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 The students liked the training session to warm up for the real inspection. 

During the training session it became apparent that some students applied the 

technique in the wrong way, i. e. they searched for errors in the use-case 

document. Due to the training session it was possible to rectify the mistaken 

instructions so that no data gets lost because of invalidity. Therefore such a 

training session should not be missed in further experiments. The study of 

[Erlansson et al. 02] also confirms this because their results showed that the 

subjects were not properly trained prior to the experiment and thus the technique 

that was easier to apply (checklist-based reading) performed better. 

However, several students mentioned that it was hard to keep up high 

motivation in the beginning during the whole course of the experiment. Within the 

reports the following explanations for decreasing motivation can be found: 

 

• Lack of experience in the relevant fields: As mentioned in the previous section, 

some students had problems to grasp the application domain of the system 

under inspection. For instance one student describes how he was sitting in front 

of his papers and was not able to discover faults while the follow students 

around him started logging faults within the inspection record. One possibility 

to address this problem is to let the students inspect a system they know well, 

for instance from course and project work at the university. As mentioned 

before, the students at Blekinge Institute of Technology develop a system for a 

real customer in the context of the Large Software Engineering Project. This 

would be a nice setting for such an experiment.  

 

• Unfulfilled expectations: Several weeks lied between the initial presentation 

with the aim of gaining the student’s commitment and the experiment. 

Moreover the assignment description was not discussed with the students 

before the experiment. Thus a few students expected group work and 

discussions during the experiment instead of an individual inspection. 

Therefore they stated that this led to a lack of motivation. Here we see that it is 

important to maintain the knowledge about the experiment during the whole 

course or to conduct the experiment as soon as possible after gaining the 

student’s commitment.  

 

Due to the motivation problems four students had to be removed from the 

analysis as mentioned in the beginning of this chapter. Therefore a new threat to 

conclusion validity occurred because now only 19 data sets are available for the 

statistical analysis which leads to lower statistical power, i. e. this study has the 

smallest sample compared to the previous studies conducted with usage-based 

reading (see section 3.3). In other words, with more data sets the results might 

have become statistically significant. A discussion whether this is really the case 

can be found in the next section.  

5.3. Discussion 
 

In this section the main results from the statistical analysis are summarized, 

discussed and interpreted. The descriptive statistics led to the following results 

concerning time-data and individual reviewer performance: 
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• The students in the time-controlled group utilized more use-cases than the 

students in the rank-based group. 

• The individual reviewer performance is similar for A-faults in both groups. 

• The individual reviewer performance is moderately better for A&B-faults and 

all faults in the time-controlled group. 

 

These results show that the students in the time-controlled group progressed 

faster and thus utilized more use-cases of lower priority. Consequently the 

probability increases that they also find less important faults from the user’s 

perspective. This explains the difference of individual reviewer performance 

concerning A&B-faults and all faults. However, there is no strong indication for 

this because the difference between the individual reviewer in the time-controlled 

group and rank-based group is small. The fact that the subjects in the time-

controlled group spent less time on the first use-cases of higher priority had no 

negative impact on individual reviewer performance in regard to A-faults.  

The results from the statistical tests do not allow to reject any of the null-

hypotheses formulated in section 4.2.4. The results of the statistical tests are 

summarized in the table below: 

Table 5-2 - Summary of  Hypotheses Results 

 

 
All 

(A, B, C) 

A A&B 

Efficiency p=0.367 p=0.765 p=0.535 

Effectiveness (Share) P=0.795 p=0.951 p=0.532 

Difference (Fault) p=0.818   

 

One can see that the p-values are all quite high, i. e. not even close to ˵ = 0.05 

so that a certain H0 can be rejected. Therefore the assumption is reasonable that 

this study gives a strong indication that both techniques perform similarly 

concerning effectiveness and efficiency and that both techniques lead to the same 

sets of faults. In other words, even though the data of all 23 students would have 

been valid it is unlikely that the null-hypotheses could have been rejected. But how 

can it be explained that time-controlled reading that provides the possibility of 

better planning the inspection process in forehand is not an improvement of the 

original  version of usage-based reading?  

 

• Similarities of Techniques: Even though one technique had time-limits 

assigned to the use-cases and the other had not the techniques are still quite 

similar, i. e. the subjects follow the same order of use-cases. However, one 

group utilized more use-cases but this did not make the difference because of 

the next reason, i. e. not enough time to inspect low ranked use-cases. 

 

• Too little time-budgets: The last use-cases number 18 and 19 had only four 

minutes for inspection. As the subjects pointed out in their reports, they felt 

pressured and did not have enough time to thoroughly evaluate whether an 

issue within the design is a fault or not (see section 5.2.1). Moreover they were 

not able to finish the whole use-case in time. Consequently the additional use-

cases utilized by the subjects in the time-controlled group did not make a 
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statistically significant difference. In this context one student cited Watts 

Humphrey [Humphrey97] who said: “People under time pressure only work 

faster, not better”. 

 

When looking at previous studies [Thelin et al. 02][Winkler et al. 04] 

evaluating modifications to usage-based reading with the aim of improving the 

technique, we can see that these modifications were harmful to inspection 

performance. The study of [Winkler et al. 04] showed that when the subjects 

prioritize the use-cases themselves, effectiveness decreases. Furthermore [Thelin 

et al.02] showed that when the subjects are not experienced enough in use-case 

development, it has a negative effect on inspection performance to let them 

develop detailed use-cases on the fly.  

In my study, the time-budgets assigned to the use-cases were neither harmful 

nor helpful. However, I want to point out that the results of this thesis are 

indications, not facts. With more experienced people from industry who have 

sound domain knowledge of the system they are inspecting the result might look 

different. As the subjects described in their assignments, they had no problems 

with the technique itself but with understanding the specific domain (here taxi 

management) immediately. None of the subjects had experience in developing a 

taxi management system, they only know the domain from the perspective of a 

customer. To gain a better understanding they needed time to get more familiar 

with the system by applying the reading technique. Thus the subjects felt pressured 

and perceived that the time-budgets were not enough, at least concerning the later 

use-cases. In consequence one can claim that when the subjects would have had 

sound domain knowledge prior to the experiment then the time assigned to the use-

cases would be perceived as enough and the subjects might not have felt pressured. 

Consequently, the later use-cases would have made a difference. 

5.4. Summary 
 

This chapter presents the results of my study in form of descriptive statistics and 

hypotheses tests. Moreover, the perception of the techniques by the participants is 

presented and used to explain why the statistical results look as they do. The next 

chapter (Chapter 6 – Conclusions and Further Work) presents the conclusions 

derived from the data collected during the experiment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 59 

 

 Chapter 

6. CONCLUSIONS AND FURTHER WORK 
6 

 

 

In this chapter the main conclusions are presented. This includes the answers to the research 

questions and an explanation of why the results look as they do after the experiment. 

Additionally further research work is suggested for usage-based reading in general and time-

controlled reading in particular.   

 

 

6.1. Conclusions 
 

This thesis presents a controlled experiment conducted in order to figure out 

whether usage-based reading can be improved by adding time-budgets to the use-

cases that guide the reviewer during the individual inspection phase. Therefore, 

this study contributes to the family of experiments that aimed at finding successful 

improvements of usage-based reading.  

In order to do the evaluation of time-controlled reading, 10 Master students 

inspected a design document with time-controlled reading while Master 9 students 

applied the original version of usage-based reading, i. e. rank-based reading. As 

the previous studies investigating modifications to the original version of usage-

based reading, the modification time-controlled reading did not lead to desired 

improvements in performance. To be more precise, effectiveness and efficiency 

were neither positively nor negatively affected by time-budgets assigned to the 

use-cases. Moreover, time-controlled reading and rank-based led to the same set of 

faults.  

Based on the assignment reports and feedback questionnaire two reasons for 

this are identified. First, the techniques are still very similar, i. e. the reviewers 

utilize the same use-cases in equal order. Secondly, the time-budgets did not make 

a difference because they did not allow the subjects to thoroughly investigate 

issues within the design, at least concerning later use-cases.  

Assumed that the subjects would have been more familiar with the application 

domain, the result might look differently since getting familiar with the system 

during the inspection would not slow them down. Thus, the time-budget would 

possibly not perceived as such pressure. Therefore, further work is needed in order 

to increase the confidence in the result of this study that is: time-controlled reading 

and rank-based reading perform similarly. 
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6.2. Further Work 
 

In this section suggestions for further work of usage-based reading in general and 

time-controlled reading in particular are presented. Generally the following 

investigations should be conducted for usage-based reading: 

 

• Replications: The experiments in the related research section need to be 

replicated in order to confirm the results produced so far, so that the 

confidence in the results increases. For instance, replications of the experiment 

comparing checklist-based and time-controlled reading should be done.  

 

• Improvement of technique: Other modifications of usage-based reading besides 

the ones mentioned in this thesis should be evaluated. For instance [Thelin02] 

proposes to evaluate a hybrid of usage-based reading and checklist-based 

reading.  

 

• Modifications to experiments: In order to show that the result of the previous 

studies is independent from a particular study context, modifications should be 

made to the experiments. For instance, the subjects should change 

(professionals instead of students). Moreover, it is also reasonable to change 

the instrumentation, i. e. to conduct experiments with other systems. A further 

modification is that the subjects inspect other artefacts with usage-based 

reading. So far only one study applied the technique on software requirements. 

Other documents are for instance code and test-plans. 

 

• Evaluation against different methods: So far usage-based reading was only 

evaluated in comparison to checklist-based reading and usage-based testing. 

Further comparisons with known methods should be done, e. g. perspective-

based reading.  

 

• Usage-Based Reading in Industry Practice: Usage-based reading needs to be 

studied in an industrial context, i. e. in the form of case studies. Thus one sees 

whether it is possible to successfully apply the technique in industrial practice. 

 

In the context of time-controlled reading I suggest to conduct the following 

studies: 

 

• Replications: Since this study is a pilot-study it can only give indications, thus 

the results cannot be considered as facts so far. Therefore, this study needs also 

to be replicated. 

  

• Modifications: Since the subjects in my study had problems to grasp the 

application domain and thus felt pressured by the time limitations the most 

important modification is that further work is conducted with subjects who 

have sound knowledge in the domain and the notations used in the material to 

be inspected. Hereby, students can be used if they got familiar with the domain 

in the context of project or course work. Professionals can be used to inspect 

the material with time-controlled reading they actually work with. 
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Appendix I: Direct and Indirect Measurements  
 

The first two tables show the direct measurements for each subject in his particular 

group. Furthermore, the next two tables show the indirect measurements calculated 

based on the direct measurements.  

 
Direct Measurements for the Subjects Applying Time-Controlled Reading 

Subject Prep_Time Insp_Time # all Faults # A-Faults # A+B-Faults 

1 40 82 10 5 8 

2 38 120 12 4 11 

3 18 111 6 1 5 

4 41 98 9 4 7 

5 45 120 12 6 10 

6 40 74 12 5 9 

7 30 117 15 11 13 

8 35 112 8 4 7 

9 38 104 11 8 10 

10 29 110 8 5 7 

 

Direct Measurements for the Subjects Applying Rank-Based Reading 

Subject Prep_Time Insp_Time # all Faults # A-Faults # A+B-Faults 

1 35 110 11 5 9 

2 45 110 8 5 8 

3 40 125 9 6 7 

4 26 112 14 8 13 

5 34 108 3 2 3 

6 34 78 7 2 5 

7 40 120 13 7 12 

8 35 90 12 8 9 

9 40 125 2 1 2 

 
Indirect Measurements for the Subjects Applying Time-Controlled Reading 
Subject Effi_All Effi_A Effi_A+B Share_All Share_A Share_A+B 

1 4,92 2,46 3,93 0,26 0,38 0,30 
2 4,56 1,52 4,18 0,32 0,31 0,41 
3 2,79 0,47 2,33 0,16 0,08 0,19 
4 3,88 1,73 3,02 0,24 0,31 0,26 
5 4,36 2,18 3,64 0,32 0,46 0,37 
6 6,32 2,63 4,74 0,32 0,38 0,33 
7 6,12 4,49 5,31 0,39 0,85 0,48 
8 3,27 1,63 2,86 0,21 0,31 0,26 
9 4,65 3,38 4,23 0,29 0,62 0,37 

10 3,45 2,16 3,02 0,21 0,38 0,26 
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Indirect Measurements for the Subjects Applying Rank-Based Reading 
Subject Effi_All Effi_A Effi_A+B Share_All Share_A Share_A+B 

1 4,55 2,07 3,72 0,31 0,38 0,33 
2 3,10 1,94 3,10 0,22 0,38 0,30 
3 3,27 2,18 2,55 0,25 0,46 0,26 
4 6,09 3,48 5,65 0,39 0,62 0,48 
5 1,27 0,85 1,27 0,08 0,15 0,11 
6 3,75 1,07 2,68 0,19 0,15 0,19 
7 4,88 2,63 4,50 0,36 0,54 0,44 
8 5,76 3,84 4,32 0,33 0,62 0,33 
9 0,73 0,36 0,73 0,06 0,08 0,07 
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Appendix II: Theory of the Statistical Tests 
 

In this theses two tests were applied, i. e. the Mann-Whitney test and the chi-que 

test. Both tests are shortly described here. They are used for not normally 

distributed data and one-factor-with-two-treatment-designs [Wohlin et al. 00]. 

 

Mann-Whitney Test 

 

The Mann-Whitney test can be used to compare two independent samples 

when it is uncertain if the data is distributed normally [Wohlin et al. 00]. From the 

result of the Mann-Whitney test one can say whether one of the samples is larger 

than the other. On the other hand, the null-hypotheses assumes that both samples 

have the same distribution. In this study, the question is whether efficiency and 

effectiveness in the time-controlled group is larger than in the rank-based group.  

The calculation for the Mann-Whitney test look as follows, the formulas are 

taken from the book by [Wohlin et al. 00]: 

As an input the Mann-Whitney test requires two independent samples, i. e.  

sample A:={x1, x2, …, xn} and B:={y1, y2, …, yn). The values of both samples are 

ranked and it is kept in mind which of the ranks belonged to which sample. Then 

the Mann-Whitney-U is calculated based on the following formula: 
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N*NU AA
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−

=   

where NA:=min(n, m), NB:=max(n, m) and T the sum of ranks of the smallest 

sample. Then calculate U’=NA*NB – U and take the smallest U to determine the p-

value of the statistical test. With the knowledge of sample-size and the Mann-

Whitney-U the p-value is determined by looking at critical value tables or by using 

a statistical program conducting the whole calculation. 

 

Chi-Que-test (X
2
-test) 

 

The Chi-Que test which is also referred to as X
2
-test checks whether two 

samples have the same frequency distribution. Consequently with the help of this 

test one can say whether frequency distributions of two different samples are equal 

(H0) or different (Ha).  

The calculation of the chi-que test look as follows [Wohlin et al. 00]: The 

input of the chi-que test are the frequencies for k different groups. From these 

frequencies, create a cross-table that is the baseline for all further calculations. A 

cross-table is illustrated below: 

 
Cross-Table as Basis for the X

2
-Test 

Variable Group 1 Group 2 Combined 

1 n11 n12 R1 

2 n21 n22 R2 

3 n31 n32 R3 

Total C1 C2 N 
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Hereby the result for X
2
 is calculated according to the formula: 
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nij - frequency of variable i in group j 

Rj - sum of frequencies for variable i 

Cj - sum of frequencies for group j 

N - sum of all frequencies 

 

The null-hypothesis is rejected under the condition that: 

 

 2

f,

2X
α

χ>   

where f is the degree of freedom and alpha is the beforehand decided level of 

significance. The degree of freedom is calculated as f=(r-1)*(k-1) where k is the 

number of groups and r is the number of variables. The value for the combination 

of alpha and the degree of freedom (f) can be again taken from tables or the p-

value for the test is calculated by a statistical program.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


