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Highlights 

 

 Online serious games are used to facilitate distributed requirements elicitation. 

 Interactive games enhance collaboration and communication between project members. 

 Serious games raise individuals’ confidence to engage in requirements elicitation. 

 Using serious games can improve both quality and quantity of software requirements. 

 Serious games specially enhance the performance of less-experienced stakeholders. 
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Abstract Requirements elicitation is one of the most important and challenging activities in software 

development projects. A variety of challenges related to requirements elicitation are reported in the 

literature, of which the lack of proper communication and knowledge transfer between software 

stakeholders are among the most important. Communication and knowledge transfer are becoming even 

bigger challenges with the current increase in globally distributed software development projects due to 

the temporal, geographic, and sociocultural diversity among software stakeholders. In this study, we 

propose a new approach to requirements elicitation, which employs online serious games for gathering 

requirements from distributed software stakeholders. The feasibility and effectiveness of the proposed 

approach were evaluated in an empirical study with encouraging results. These results especially reveal 

that our suggested approach enables less-experienced individuals to identify a higher number of 

requirements. Our results also reveal that for the majority of subjects, especially individuals with less 

technical experience, this approach was a pleasant and easy way of participating in requirements 

elicitation. Based on these results we suggest that using online serious games not only enhances 

innovation and creativity among end-users but also facilitates collaboration and communication among 

software stakeholders. Implications for both research and practice are considered.  
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1. Introduction 

Despite all the financial and human resources spent on software development projects, the majority 

of these projects fail or encounter severe challenges. A study by the Standish Group [1] showed that 24% 

of software projects failed before completion and 44% of projects faced serious challenges, such as 

exceeding the budget and delivery time or missing specified features and functions. It has been widely 

reported by previous studies that inadequate and incomplete requirements elicitation is one of the main 

reasons for failure in software development projects [2-6]. Indeed, inadequate requirements elicitation 

may lead to implementing wrong or unnecessary features and missing important or necessary functions, 

which can cause substantial human and financial damage [1]. Since it is often difficult for end users and 

customers to articulate their needs [7] and to describe their business processes properly [8], it is almost 

impossible for development teams to define system boundaries and to produce a consistent and complete 

set of software requirements to be implemented [2, 3, 8, 9]. Poor communication skills and lack of proper 

technical and domain knowledge are the main reasons for users not being able to describe their needs and 

expectations clearly [3, 5, 8, 10, 11]. Additionally customers’ expectations are usually in terms of general 

business needs to be satisfied rather than specific system functionalities. Thus, it is less likely that they 

think about and ask for non-functional requirements such as performance, security, and maintainability 

[3, 12]. 

In Global Software Development (GSD), where software companies use distributed development 

teams to be more competitive by increasing their productivity and reducing their development costs, 

requirements elicitation becomes even more problematic [13]. Distributed requirements elicitation is 

highly challenging, especially due to lack of synchronous communication imposed by temporal and 

geographic distance [14-16]. Furthermore, in GSD, poor requirements communication caused by 

sociocultural differences between system stakeholders can cause misunderstandings and requirements 

conflicts [17]. 

Traditional software development methods suggest using a complete and formal requirements 

elicitation process at the beginning of a project. During this process, development teams consult system 

stakeholders to identify their expectations, system boundaries, and business needs [12, 18]. Following this 

process, a detailed requirements document is produced that preserves detailed system specifications and, 

at the same time, is used as the means of communication [9]. Although this approach is still widely in use, 

it might lead to inadequate requirements elicitation, especially in today’s business environment. Usually, 

customers’ requirements are ambiguous at the beginning of the project [8-10], and in later stages of 

software development when stakeholders and developers have gained more understanding of the system 

functionality, requirements change is inevitable [18]. In addition, in the modern marketplace software 

projects often have very tight schedules, and developers are under constant pressure to deliver software as 

soon as possible. Therefore, they cannot spend sufficient time on a complete requirements elicitation 

process [18]. 

In contrast, lightweight and iterative software development methods such as agile methods highly 

rely on effective informal communication between businesspeople and developers during system 

development cycles [6, 9, 10, 12, 19, 20]. Software stakeholders collaborate to obtain an understanding of 
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high-level requirements at the beginning of projects [21]. The continuous interaction between customers 

and the development team throughout the project allows them to identify and add more requirements in 

the following iterations [9, 21]. Although agile practices alleviate some of the challenges of traditional 

requirements elicitation challenges—including continuous changes in requirements, heavy 

documentation, and a tight project schedule [9]—these practices also raise critical issues for agile teams. 

Lack of an initial estimation of project costs and the increasing rate of requirement change are two of the 

challenges confronting agile methods [9, 12, 18]. In addition, inadequate customer participation and lack 

of proper knowledge among agile teams makes requirements communication challenging in agile projects 

[6, 9, 10, 19, 22]. 

Despite all the above-mentioned challenges, using agile practices in globally distributed projects has 

become increasingly popular in the software development community [23-25]. The results of a survey 

conducted by [25] shows that, out of the 3,501 respondents who participated in this survey, more than 76 

percent of them use agile practices in distributed projects. These results show that the number of 

distributed teams using agile practices is more than doubled that found by same survey conducted in 

2012. Although agile methods rely heavily on on-site customer participation, applying agile practices in 

distributed projects can be beneficial, providing software companies with a combination of the flexibility 

of agile methods and the cost-effectiveness of GSD [16]. Even though it has become clear that distance 

makes communication more problematic in distributed projects [15, 23, 26-28], applying information and 

communication technology (ICT)-mediated tools such as wikis, videoconferencing, etc., is considered to 

be a key solution for supporting requirements elicitation in distributed agile projects (e.g., [14, 29]). 

However, due to challenges associated with communication between distributed stakeholders [14-16], 

there is a constant need for new and effective methods that encourage customers and end users with 

different levels of technical and domain knowledge to engage in distributed requirements elicitation. The 

focus of these methods must be on facilitating proper communication, collaboration, and knowledge 

transfer between system stakeholders, which enables individuals to bring up their needs and expectations 

more easily.  

Recently, a number of studies have examined the importance of creativity-fostering techniques in 

improving the quality of the requirements elicitation process (e.g., [30-33]). On the other hand, it has been 

suggested by a number of studies that playing games is an interesting method of collaboration and an 

effective way to enhance innovation and creativity among individuals [34-37]. Following these studies, 

we propose that utilizing online serious games is an effective method of combining creativity-fostering 

techniques and ICT-mediated communication for facilitating requirements elicitation in distributed 

projects. We investigate this by answering the following research question:  

How does applying online serious games affect the quality of the requirements elicitation process in 

distributed projects? 

To answer this research question empirically, we utilized a set of interactive online serious games for 

conducting a distributed requirements elicitation process. The results of our experiment, as discussed later 

in this paper, indicate that using online serious games is an effective method for improving distributed 

requirements elicitation. 

The rest of this paper is structured as follows: Section 2 provides an overview of the impacts of 

innovation and creativity techniques on requirements elicitation processes. In Section 3, we discuss 
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serious games and briefly describe our suggested requirements elicitation approach. In Section 4, the 

experimental research settings are described, followed by a report of the research results in Section 5. In 

Section 6, a discussion of research findings and their academic and managerial implications is provided, 

along with limitations of the study and suggestions for future research. Finally, Section 7 provides the 

conclusion of the paper. 

2. Related work 

In today’s highly competitive and turbulent marketplace, the ability to provide innovative products 

and services is a key competitive factor in organizations’ survival [16]. Famous innovation models such 

as open innovation [38] and user-centered design [39] promote collaborative knowledge transfer between 

individuals and companies for the design of innovative products. As it is suggested by [39], system users 

are valuable sources of innovation, and it is a big mistake to consider them as abstract consumers. Many 

ICT firms try to promote innovation and gather innovative ideas to provide new value to their customers 

by making creative changes to their products [40]. Innovation processes take place in the social 

surroundings of human everyday life, and new information and communication technologies extend the 

range of people’s social lives to a global dimension [41]. Hence, customers are able to easily transfer 

knowledge about solving a problem, prototyping an idea, or using an existing product in a way that was 

not originally intended with other consumers all around the world. For example, customer support forums 

enable individuals from all around the globe to easily ask questions, hold discussions, and transfer 

knowledge about a product or service, its advantages and weaknesses, or even how it can be improved 

[41]. 

Requirements elicitation is a creative process in which software stakeholders collaborate and identify 

a set of ideas, which are expressed as user requirements [31]. Many studies propose that innovation and 

creativity-fostering techniques are effective methods for improving the quality of the requirements 

engineering process (e.g., [30-34]). For instance, Maiden and Robertson [31] described a scenario-driven 

process called RESCUE, which employs collocated creativity workshops to facilitate requirements 

engineering. In this method, a requirements engineering team first specifies the system boundaries, and 

then the creativity workshops, which last 2 consecutive days (8 hours), take place to acquire a more 

precise and complete set of requirements from the system stakeholders. The results from [31] indicate that 

incorporating creativity workshops encourages creative thinking among software stakeholders. This 

method helps individuals with different levels of knowledge and understanding participate in the 

requirements elicitation process and identify, articulate, and negotiate their requirements. In addition, 

RESCUE helps individuals to understand the requirements identified by other stakeholders [31]. 

Mich et al. [32] defined an innovative process of requirements elicitation called the EPM Creative 

Requirements Engineering Technique (EPMcreate). This technique can be applied in a creative 

requirements elicitation session that involves two system stakeholders or two classes of system 

stakeholders. This technique enables system analysts to generate creative ideas by looking at system 

requirements from a combination of stakeholders’ viewpoints. The effectiveness of this process was 

investigated through a set of experimental studies [32, 33] by measuring the quantity and quality of the 

requirements identified by the research subjects. Even though these studies provided descriptive statistics 
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to indicate that using EPMcreate improved the quantity and quality of requirements identified by the 

research subjects, this effectiveness was not statistically significant. 

Finally, Aaen [34, 35] suggested a new method called Essence and a new facility called the Software 

Innovation Research Lab (SIRL) for facilitating software innovation and creativity. The strategy behind 

Essence is based on activities similar to role-playing games, and therefore this method consists of creative 

methods, tools, and techniques [34, 35]. In addition, SIRL provides a flexible set of equipment (e.g., 

interactive screens, desktop computers, a server, idea generation software, ICT-mediated communication 

mediums, etc.) for the complete software development life cycle [34]. Available infrastructure in the lab 

enables the development team to use the distributed innovation process through off-site communication. 

Essence and SIRL were evaluated in an experimental study [34], but the author noted that innovation 

process support was not fully developed, and further exploratory experiments are needed to provide 

support for creativity in developing software [34, 35]. According to the above-mentioned techniques, we 

suggest that there is a need for further research to investigate the impact of innovation and creativity-

fostering techniques on requirements elicitation. 

Customers’ requirements are usually communicated with development teams through interviews, 

questionnaires, and workshops. Although the method to be used plays a central role in the requirements 

elicitation process, project failure rates indicate that current requirements communication methods are not 

sufficient enough for identifying all types of user requirements [7]. This issue is even more problematic in 

distributed projects, for which the development process takes place across dispersed geographical 

locations [23]. Usually, multinational and cross-cultural software stakeholders use tools to participate in 

different development stages, including requirements elicitation, across national boundaries with different 

time zones [17, 28]. Therefore, new methods that concentrate on improving the quality of interaction and 

requirements communication between distributed software stakeholders can be beneficial for the software 

development community.  

On the other hand, recent studies indicate that applying agile practices has become increasingly 

popular in distributed software development projects [23-25]. This might be due to the fact that by using 

agile practices in distributed projects, software teams can benefit from both the flexibility of agile 

methods and the cost-effectiveness of GSD [16]. Therefore, it has become apparent that any new method 

to be developed must have different characteristics to suit both agile and distributed software 

development projects. Primarily, it must be applicable online to enable off-site communication between 

distributed stakeholders [14, 29]. Both methods mentioned earlier in this paper, RESCUE and EPMcreate, 

incorporate collocated sessions, which means that these methods are not efficient for distributed 

requirements elicitation. Second, the method must be lightweight and easy to use to make sure that 

projects do not drop it due to lack of time [34]. In addition, the method should be attractive and pleasant 

for its users to further their motivation and improve the quality of the results [32, 34]. Finally, the method 

must enable developers to easily keep track of users’ requirements for documentation purposes (e.g., 

knowledge transfer) and for future purposes (e.g., system maintenance or improvement). Based on the 

need for better requirements elicitation methods and for their desirable characteristics, we suggest that 

utilization of online serious games might be a beneficial approach for facilitating and improving the 

requirements elicitation in distributed context.  
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3. Using online serious games in distributed 

requirements elicitation 

Our suggestion for a new approach to requirements elicitation in the distributed context, which we 

call “Innovation” requirements elicitation, is based on using a set of interactive online serious games. 

Using online serious games is suggested for two reasons. First, playing serious games enhances 

individuals’ creativity, and therefore customers are able to provide more innovative ideas about the 

software to be developed [34, 36, 37]. Secondly, use of interactive online games as a rich ICT-mediated 

tool facilitates collaboration and off-site communication between software stakeholders, which might lead 

to effective requirements communication in distributed projects [14, 29]. 

Playing games is an interesting method of practicing teamwork and improving interaction among 

individuals because it presents individuals with a new way of thinking, getting and transmitting 

knowledge, and socializing [37]. Playing games can encourage people to engage in non-entertainment 

activities that are considered boring. Additionally, playing games provides people with an opportunity to 

learn new concepts and improve their skills by experiencing and making mistakes.  

The term serious games, which has become increasingly popular during the last decade, refers to 

games with a set of cognitive properties [37] that provide individuals with new ways of thinking and 

transferring knowledge [42]. As has been suggested by Zyda [43], application of “games and simulations 

technology to non-entertainment domains … results in serious games.” Such games have been 

increasingly used for educational and training purposes in various fields, including management, defense, 

healthcare, and software engineering [42, 44]. Serious games are mainly used to assist individuals in 

developing different skills such as communication, collaboration, problem solving, and decision making 

[44]. In addition to their pedagogical purposes, applying serious games is an interesting and effective 

method for adopting innovation and applying creativity to software projects (e.g., [34, 36, 37]).  

A number of studies use serious games to simulate different stages of software development (e.g., 

[37, 45, 46]). Integrating serious games in software projects enables teams to evaluate the level of 

understanding among stakeholders by analyzing their collaboration experience [37]. As mentioned by 

[37], serious games increase confidence among individuals because their mistakes do not have any 

serious consequences and they will not be judged according to their actions and decisions.  

In addition to these studies, in practice there are a few examples of using collocated and online 

serious games to identify customers’ needs and expectations. However, to the best of our knowledge, no 

academic research has indicated the effectiveness of serious games in improving the quality of 

requirements elicitation in a distributed context. To fill this gap, in this study we investigate the effects of 

serious games on requirements elicitation by applying a set of online serious games in distributed 

requirements elicitation. 

According to our research goals, the serious games to be used must be applicable to distributed agile 

software development projects. This means that these games must be easy to use, lightweight, cost-

effective, and, most importantly, accessible online. In this study, we employ a set of interactive online 

serious games called Innovation Games®, which refers to a set of serious games introduced by [36]. 

Hohmann [36] argues that these games are powerful and simple qualitative research and problem-solving 

techniques. Basically, in these games, a group of system stakeholders participates in collocated or online 
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sessions and plays a set of directed games to generate ideas or provide feedback about a product or 

service. Although a considerable number of organizations have been using these games, to the best of our 

knowledge no academic research has either suggested using these games or explored their effectiveness in 

distributed requirements elicitation. 

A web-based tool designed by Innovation Games® enables geographically dispersed stakeholders to 

participate in online game sessions. In addition, these distributed players use an integrated chat and 

whisper tool as the main communication channel during the game sessions. This chat facility also enables 

the development team to keep track of players’ interactions and communication for later purposes. 

According to the objective of this research, we decided to use the game Prune the Product Tree [36] for 

requirements elicitation to gather user needs and ideas about software to be developed. However, later 

during the empirical research, we decided to use another game called Buy a Feature [36] for requirements 

prioritization and negotiation. These games are described briefly in the following sections.  

3.1. Prune the Product Tree 

In real life, gardeners prune trees to increase the quantity and quality of products. The more balanced 

the tree, the better the fruit. Keeping this in mind, the game Prune the Product Tree [36] aims to shape a 

balanced product roadmap that is organized properly for successful completion of a project in all aspects 

of the production process. In this game, a small group of 5 to 10 customers collaborate and try to shape 

their desired product in the form of a tree (i.e., the system to be developed) that consists of different parts, 

including limbs (i.e., system functionalities) and fruits (i.e., system features). The root system is shown as 

the trunk, and the main thick limbs represent system functionality areas. The distance between the trunk 

and the edges of the tree represents the project life cycle, with the area near the trunk considered as the 

initial stages of the project and the area near the edges considered as the final stages of the project. As can 

be seen from Appendix A, three different priority levels are defined for the sample tree (i.e., low, 

medium, and high). 

A participant writes a short description for each feature on an index card, which represents a fruit or a 

leaf, and places the card on the tree. The leaves or fruits closer to the trunk indicate requirements with 

higher priorities, which should be delivered as soon as possible. For example, imagine a software 

development project for creating a website. The trunk here represents the website itself, and User 

Registration and Photo Gallery can be two main functionalities. If a user asks for Add New User as a 

high-priority requirement, it should be placed on the User Registration limb and in the area closer to the 

trunk. If another user asks for Photo Sharing as a low-priority feature, it should be placed on the Photo 

Gallery limb and closer to the edge of the tree.  

The online version of the game consists of the game area, a chat and whisper facility, and a palette of 

items (e.g., fruit, leaves, index cards). To add a new requirement, players can easily drag an item from the 

palette onto the tree and enter a label and a short description for the item. The interactive online game 

allows players to see others’ decisions and actions in real time and use the chat and whisper facility to 

negotiate with others (See Appendix A). 

In this game, while users are articulating their expectations, other players have the opportunity to ask 

questions and discuss features and their priorities. Thus, the players can reframe their requirements or 

define new ideas based on these discussions. At the end of the game, the development team can analyze 
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the requirements of the system to be developed based on the descriptions provided for each feature and 

the discussions recorded between the participants. 

In a way, Prune the Product Tree resembles User Stories, which is a common agile requirements 

elicitation practice used as an alternative for a detailed requirements document. In this practice, the 

customer representative provides functional requirements in the form of short and abstract user stories, 

usually on index cards or sticky notes [10, 17]. This short description generally represents a valued 

functionality that satisfies customers’ business needs rather than a technical or user interface component. 

3.2. Buy a Feature 

Choosing the right set of features to be developed in each release of software enables the 

development team to keep customers satisfied and to avoid expensive changes. Often, it is the case that if 

you ask customers, they want all the features to be developed in the next release. The game Buy a Feature 

[36] enables the development team to identify and deliver customers’ most valuable features in the 

subsequent product release.  

In this game, a small group of 4 to 9 customers collaborate to buy their desired features from a list of 

potential features. This list includes a set of requirements identified during the requirements elicitation 

phase and analyzed by the development team. Each feature on the list has a price, which can represent 

actual development costs, customers’ business value, or anything else.  

Each customer has his or her own budget in the form of play money. The amount of total money that 

the players have altogether is one-third to half of the entire system budget. In other words, each group’s 

entire budget is not enough to purchase all the features available on the list. Often some important 

features are priced so high that it is impossible for a single player to buy them individually. This 

encourages the players to collaborate and to pool their money in groups in order to buy a set of desired 

features, especially the more expensive ones [36]. The limited budget facilitates requirements negotiation 

among customers to make decisions about each feature and its necessity.  

Imagine that in the website development case mentioned earlier, each player has €150 and the 

estimated cost for the Photo Sharing feature is €250, which means that the user who asked for this feature 

does not have enough money to buy it. As a result, the user must negotiate with others and convince them 

to invest €100 to buy this feature. In this way, players are able to choose the most valuable set of 

requirements that should be developed in the next release. In contrast, the development team can use 

these discussions to understand and analyze the reasons behind requesting certain requirements and as a 

result prioritize customers’ needs based on their actual business value.  

In the online version of this game, a list of items and prices is available as a table, and players can 

purchase items by making bids. If players would like to purchase an item, it is enough to click the 

appropriate cell under the name and enter the amount of money they would like to invest for each feature. 

Players can change or remove their bids at any time. Once an item is purchased, it is purchased for the 

entire group. Players can use the chat and whisper facility to negotiate regarding the items that others try 

to purchase (See Appendix B). 

To improve the quality and effectiveness of these two games, it is recommended that only a limited 

number of players participate in each game session [36]. Therefore, in big projects, a large number of 

stakeholders can be divided into smaller groups, with a separate game session organized for each group. 
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Later, game facilitators or the development team can merge the results from different games together in 

order to identify and prioritize customers’ requirements.  

3.3. The advantages of using online serious games in requirements 

elicitation 

Our suggested Innovation requirement elicitation method using interactive games can be expected to 

increase stakeholders’ motivation to participate in the requirements elicitation process as well as 

encourage them to be creative and come up with more innovative ideas for the software to be developed.  

In addition, our approach has a number of advantages compared to the above-mentioned creativity-

based approaches utilized for requirements elicitation. Firstly, using online serious games enables 

geographically dispersed system stakeholders to collaborate during the requirements elicitation process. 

In contrast, both RESCUE and EPMcreate incorporate collocated sessions, which means these methods 

are not efficient for distributed requirements elicitation. Secondly, using online serious games is not 

considered to be time-consuming since the actual game sessions last less than 90 minutes and no large 

preparation efforts are needed for these sessions. In contrast, for example, in RESCUE, each creativity 

workshop lasts for almost 2 full days, which means that the system stakeholders have to spend a 

considerable amount of time participating in these workshops. Finally, our approach utilizes easy-to-use 

interactive web-based games that run on all types of Internet browsers and do not require extra hardware 

or software installation. In contrast, all the other methods discussed above require at least a physical 

location, furniture, and office supplies for conducting the requirements elicitation sessions.  

4. Research design 

Our suggested Innovation requirements elicitation method based on using online serious games is 

expected to facilitate user participation in distributed requirements elicitation and to improve the process 

and the results of the requirements elicitation. Following evidence-based software engineering principles, 

the proposed new method requires empirical validation and evaluation of its effectiveness before it can be 

adopted for professional purposes. Experiments are valuable tools in the software engineering discipline 

for “evaluating and choosing between different methods, techniques, languages, and tools” [47, 48]. Since 

experiments are usually conducted in highly controlled environments, they enable researchers to measure 

the effects of a treatment on the output variable by manipulating one or more input variables directly and 

systematically [47, 48]. Therefore, we planned and executed an experimental study to evaluate the 

effectiveness of the Innovation requirements elicitation method, as is discussed in the following sections. 

4.1. Experiment design  

To conduct our experimental study, we planned and executed a distributed agile software 

development project at the Department of Information Processing Science, University of Oulu, Finland. 

In this project, the subjects within two experimental groups performed a series of software development 

tasks for identifying and prioritizing a set of requirements for the software to be developed. The research 

design conducted can be considered as a controlled experiment, as the subjects were randomly assigned to 
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different experimental groups and the independent variables were either controlled or manipulated [47, 

48].  

Following [32 and 33], the effectiveness of the Innovation requirements elicitation method can be 

evaluated both quantitatively, by measuring the number of requirements identified by system 

stakeholders, and qualitatively, by measuring the feasibility and novelty of the identified requirements. To 

make this measurement meaningful, we decided to compare the effectiveness of the Innovation 

requirements elicitation method with an “Agile” requirements elicitation method that consisted of 

common agile practices.  

The experiment design we used can be characterized as a one factor two treatments design [47, 48]. 

The factor is the requirements elicitation, while the treatments are the new experimental elicitation 

method and the commonly used Agile requirements elicitation method. In our design, each requirement 

was attributed to an individual subject who identified that requirement during the process of requirements 

elicitation. Thus, the dependent variables used for measuring the effect of the treatment were the number 

of requirements, number of new requirements, and number of feasible requirements identified by an 

individual subject. 

4.1.1. Project settings 

In each of our two experimental groups, 5 distinct teams with different software stakeholder roles and 

responsibilities were formed (see Table 1). The software engineering task presented for the teams was to 

identify and prioritize a set of requirements for the software to be developed. Because the participants 

were students, the software we chose to develop was UniGuide, which is an application that can be used 

as a guide on a university campus to provide useful information about events and locations to students. 

Since a prototype of this application was previously designed and tested in the same organization and due 

to the fact that none of the study subjects were aware of the existence of such an application prototype, 

the original features of this application could be used to evaluate the quality and the quantity of the 

requirements specified in our experiment [32, 33].  

Table 1. Project teams and their responsibilities. 

Team Responsibilities Work Experience 

Headquarters 

Controlling and coordinating the development process, interacting with 

the Customer and Development teams to collect requirements and to 

deliver the final prototype. 

More than 5 years 

Development 

Participating in requirements elicitation process and providing technical 

consideration to customers, analyzing user requirements, estimating the 

effort needed to implement each item, and preparing the software 

prototype. 

Between 1 and 5 

years 

Customer 

Interacting with the Headquarters team, providing requirements, 

participating in requirements negotiation, and involving User teams in 

the process. 

Less than a year 

User 1, User 2 
Providing user requirements, participating in requirements negotiation, 

and evaluating the software prototype. 
Less than a year 
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The project setting was specifically designed to include the main contextual challenges of GSD, 

including cultural and temporal differences between software stakeholders. The sociocultural distance 

between participants available in GSD projects was taken into account by recruiting the subjects from a 

student population consisting of 14 nationalities. In addition, the official language used during the project 

was English, even though none of the participants were native English speakers. 

Additionally, the project teams participating in the experiment were assigned to four imaginary time 

zones in order to simulate temporal and geographical distance (see Figure 1). According to this 

arrangement, the simulated geographically and temporally dispersed teams were obliged to use 

synchronous and asynchronous ICT media to communicate with other teams. Face-to-face 

communication with other teams was forbidden. Furthermore, as daily work hours vary by country and 

calendar differences (e.g., daily work hours, lunchtime, and weekends) complicate global coordination 

between geographically dispersed teams, the teams had to coordinate their communication and 

interactions with other teams according to their work hours. Figure 1 indicates the work hours in each site 

using UTC, the absolute reference point of time.  

 

 

Figure 1. Chart of teams’ imaginary time zones based on examples provided by [49]. 

In this project, we assumed that all teams had the same amount of work time from 9:00 to 17:00 in 

their imaginary local time. Therefore, before planning online meetings, the teams from different time 

zones had to decide when would be the best time to have a video or voice conference considering the 

working hours of both simulated locations
2
.  

                                                 

2
 For example, the Headquarters team was located in the Coordinated Universal Time (UTC) +1 time 

zone (e.g., the Czech Republic), and the Development team was located in the UTC +5 time zone (e.g., 

India). In this case, due to geographical distance, face-to-face communication between teams might be 

impossible or expensive, which would force teams to communicate via e-mail, phone, videoconferencing, 

or teleconferencing. However, since there is a 4-hour time difference between these two sites, 

synchronous communication over ICT channels is problematic, as there are only 4 overlapping work 

hours between these simulated locations. The time difference was even more problematic, for example, 
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4.1.2. Participants and team division 

The subjects of the experiment were recruited from 63 participants registered in the course Software 

Development in Global Environment, offered for international master’s students at the University of 

Oulu. During this course, the students learn about different aspects of globally distributed software and 

systems development projects. At the beginning of the course, the goals of the study were introduced to 

the students. After the introductory session, 47 of the students volunteered to participate in the project and 

be subjects of the experiment (see Figure 2).  

The subject group was relatively homogeneous regarding academic achievement. However, the 

participants had different levels of work experience in software development. To increase the validity of 

the experiment and minimize the effect of work experience on the requirements elicitation, we controlled 

this independent variable of the experiment in the following way. Using the background information 

provided by the research participants, we grouped them into three subgroups based on their previous work 

experience in the field of software development and their familiarity with global software development 

and agile methods: Professionals (i.e., individuals with more than 5 years of relevant work experience), 

Intermediates (i.e., individuals with more than 1 year and less than 5 years of work experience), and 

Beginners (i.e., individuals with no work experience or with only academic knowledge of software 

engineering). The Professionals subgroup included 8 students, the Intermediates subgroup 10 students, 

and the Beginners subgroup 29 students. 

In the next stage, the students from each work experience subgroup were randomly assigned to 

different teams in the following way: 

 Subjects from the Beginners subgroup (i.e. 29 individuals) were assigned randomly to four User 

teams and two Customer teams. Five of these teams had 5 members each, and one team had 4 

members. These teams had a central role in the requirements elicitation phase because they were 

the actual end users of the software and the ones with knowledge on how to use the system.  

 From 10 subjects in the Intermediate subgroups, 9 were assigned randomly to two Development 

teams and the last subject was added to the Professional subgroup
3
. The Development team is 

responsible for technical aspects of the project, including analyzing and improving user 

requirements to feasible software requirements, estimating the effort required for developing 

each feature, and implementing the software prototype.  

 Subjects from the Professional subgroup and one subject from Intermediate subgroup were 

assigned randomly to 2 Headquarters teams. The Headquarters team is responsible for 

controlling and coordinating the entire development process, including communicating with 

customer and developers, planning meetings and deliveries, and so on.  

                                                                                                                                               

when the Customer team (e.g., Finland) and the User 2 team (e.g., China) had to communicate 

synchronously while there was only 1 hour of overlap between their work hours (see Figure 1). 

3
 Since one of the Customer teams had 1 member less than other teams, this has been done in order to 

balance the total number of individuals who were supposed to participate in the requirements elicitation 

process (i.e. 19 individuals in each group).   
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When the above mentioned teams were organized, they were used to form two experimental groups: 

the Agile Group (AG) and the Innovation Group (IG). As it can be seen in Figure 2 below, each of these 

groups included 1 Headquarters team, 1 Development team, 1 Customer team, and two User teams. It 

must be noted that when the experimental groups were formed during the first week of the project, four of 

the students from the IG decided not to participate in the project (i.e. 1 subject from Development, 1 

subject from User 1, and 2 subjects from User 2 teams). For that reason, the number of subjects who 

participated in the requirements elicitation process was not the same for both groups (see Figure 2). 

 

Figure 2. The flow of participants through different stages of the experiment. 

As can be seen from Figure 2 above, data were gathered from only 19 subjects from the AG and 15 

subjects from the IG for two reasons. First, the subjects on the Headquarters teams did not participate in 

the requirements elicitation process. Second, when the experimental groups were formed and during the 

first week of the project, 4 of the 23 students in the IG decided not to participate in the project (i.e. 1 

subject from Development, 2 subjects from User 1, and 1 subject from User 2 teams). For that reason, the 

number of subjects who participated in the requirements elicitation process was not the same for both 

groups. 

4.2. Experiment execution 

This project took place over a period of six weeks during the 2012 spring semester (see Table 2). At 

the beginning of the project, an introduction session was held, and the project settings were described to 

the participants. Since the participants in this project had different levels of academic knowledge and 

professional skills, a short training session was conducted to provide an overview of agile methods and 

GSD. Later, two training sessions lasting approximately 1 hour each were conducted for each group 
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separately: A short introduction to the Agile requirements elicitation method including user stories, 

product backlog, and effort estimation including planning poker was provided to the AG, and an overview 

of the Innovation requirements elicitation method was provided to the IG. Each team chose a main 

contact person from the group who played the role of ambassador [17, 26] and was responsible for 

coordinating communication between the teams. 

The project was divided into four iterations. At the beginning of each iteration, the teams received an 

email containing their assignment for that iteration and the necessary materials (Appendix C provides an 

example of the teams’ weekly assignments). These assignments were designed according to the teams’ 

roles in such a way that constant interaction and collaboration between the teams would be necessary to 

produce the final deliverables. At the end of each iteration, the Headquarters and Customer teams of each 

group had a review meeting. Course assistants participated in these meetings as observers. At the end of 

the project, a reflection seminar was conducted to discuss and evaluate the project outcomes and to 

officially conclude the project.  

It must be mentioned that the researchers were involved in this project only as instructors and 

observers without any direct or indirect intervention in team decisions and their activities. To be more 

specific, the researchers only participated in the training sessions conducted at the beginning of the course 

and the final project review at the end of the course. In addition to this, the researchers participated in 

weekly review meetings at the end of each iteration and game sessions only as observers. The whole 

process of contacting other teams and planning the schedule for the meetings and requirements elicitation 

sessions was handled by Headquarter teams. Therefore, the Headquarter teams had complete freedom to 

negotiate and agree with other teams in regard to the day and time of the meetings and requirements 

elicitation meetings. Only after the decision about the day and time of the meetings had been made by the 

teams themselves, the researchers were informed by Headquarter teams. 

Table 2. Project schedule. 

Date Project Milestone 

March 13, 2012 Students filled out the online background questionnaire.  

March 16, 2012 

(Iteration 0) 

The project introduction session was held, and a short training session was conducted to 

provide an understanding of subjects related to the project. 

March 23, 2012 

(Iteration 1) 

The Headquarters team gathered a set of requirements provided by participants from the 

User teams, the Customer team, and the Development team.  

March 30, 2012 

(Iteration 2) 

The Headquarters team conducted online requirements negotiation meetings between the 

User teams and the Customer team. 

The Development team estimated the effort needed for each product backlog item and 

started to design the software prototype. 

April 13, 2012 

(Iteration 3) 

Headquarters conducted online meetings between the User teams and the Customer team 

to evaluate the software prototype and to reassess and prioritize the product backlog. 

The Development team finalized the software prototype based on feedback from the other 

teams. 

April 20, 2012 

(Iteration 4) 

Students wrote individual reflection reports to provide feedback on the project settings and 

project challenges and their opinions about the methods used in the project. 

April 27, 2012 A reflection seminar was conducted to officially conclude the project. 

In general, the project was started by the Customer teams, which were responsible for ordering the 

software from the Headquarters. According to the project settings, each team was asked to deliver 
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different types of deliverables during the project
4
. The members of each group performed a series of 

requirements elicitation tasks under conditions identical in every respect except one: namely, the AG used 

the Agile requirements elicitation method, while the IG group used the Innovation requirements 

elicitation method. 

4.2.1. Tasks performed by the AG  

As mentioned in the previous section, the AG has received training on using common agile practices 

such as user stories, product backlog, effort estimation, and the prototyping as the main techniques for 

requirements elicitation. However, due to the distributed nature of the project, following [14, 15, 23] the 

AG teams were instructed to employ application sharing and ICT-mediated negotiation for distributed 

requirements elicitation and negotiation. Therefore, in addition to using email, chat, and 

videoconferencing tools, the members of AG used web-based word processor and spreadsheet provided 

by Google Inc., as a part of Google Drive service, in order to collect and organize their requirements. It is 

worth noting that according to [25] in 2012 spreadsheet was the most common tool used by agile teams.  

In the first iteration, all subjects from the Customer team, both User teams, and the Development 

team had 1 week to think about the software to be developed and to provide their requirements in the 

form of user stories to the Headquarters team. Participants were asked to provide the name of the owner 

and the priority of the requirement (i.e., low, medium, and high) along with the requirement’s description. 

This enabled the researchers to evaluate individuals’ performance in identifying new user requirements 

and more importantly to analyze the data collected from the subjects. The Headquarters team gathered all 

the requirements provided by 19 subjects in the initial product backlog for further analysis.  

In the next iteration, synchronous and asynchronous technologies were used to analyze, negotiate, 

and revise the initial requirements. Later, similar requirements were merged or removed, and 

complementary descriptions were added to the product backlog. The Development team estimated the 

effort needed to implement each feature. At the same time, the Customer team and the User teams 

negotiated to set the requirement priorities. Based on the estimated effort and priorities, the Headquarters 

team updated the Product Backlog and chose a list of features to be developed in the software prototype.  

4.2.2. Tasks performed by the IG  

The IG used online serious games to identify, prioritize, and negotiate the requirements. In the first 

iteration, 15 participants from the Customer team, both User teams, and the Development team played 

online Prune the Product Tree games to identify requirements. Since an online game typically takes 

between 45 and 90 minutes to play [36], we chose a 1-hour time frame for each game. This is especially 

important due to the time-zone difference between the teams. As it is discussed in Section 4.1.1 and is 

shown in Figure 1, the Headquarter and User2 teams had only one hour of overlapping work time during 

                                                 

4
 Participants were asked to deliver a set of user stories, a prioritized product backlog with effort 

estimation, a high-level software prototype, an audit trail that fully indicated the team’s internal and 

external communication, and an individual reflection report to provide feedback about the project. 
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each working day. For that reason, in real life it would not be convenient or even possible for them to 

attend the game sessions longer than one hour. Indeed, this corresponds to real-life situations where time 

difference plays a key role in communication issues in GSD.  

During each game session, customers and users placed their requirements on different areas of the 

tree according to their priorities (i.e., low, medium, and high). At the same time, developers had the 

opportunity to see the users’ actions and ask questions by using the integrated chat facility. Each 

requirement was automatically attributed to its owner by the web-based tool used for playing Prune the 

Product Tree online. After these games, the Headquarters team used the list of features added by the users 

to prepare the initial product backlog. 

In the second iteration, participants from the Customer and User teams played Buy a Feature games 

online to negotiate and prioritize the requirements. In this game, all the product backlog items were 

assigned a price based on the assessment performed by the Development team. To do so, developers 

estimated the amount of time and effort needed to develop each feature, and after negotiation with the 

Headquarters team they tried to choose a price for each feature. The players used the integrated chat tool 

to discuss, negotiate, and choose a set of features with the highest value. The results of these games were 

used by the Headquarters team to choose a list of features to be developed in the software prototype. In all 

games, one of the authors in the role of course assistant participated as an observer without influencing 

the process. 

Both groups used synchronous communication methods such as teleconferencing, videoconferencing, 

and instant messaging, as well as asynchronous communication methods such as email. All 

communication among team members and between teams was archived as an audit trail and submitted to 

the course assistants at the end of the project. 

5. Results 

Following [32, 33], we analyzed the effectiveness of the suggested Innovation requirements 

elicitation method both quantitatively and qualitatively. The number of requirements identified by a 

subject was used as a measure for the quantitative effect and the number of new requirements and the 

number of feasible requirements for measuring the qualitative effect. As suggested by [33], a creative 

requirement not only must be new but also must be useful, and for that reason the quality of a requirement 

can be evaluated by measuring both its novelty and feasibility [32].  

To define the novelty of the requirements, we used existing knowledge of the UniGuide case 

application, which was available before the experiment. It is worth noting that initially a set of high-level 

features have been identified and implemented in the prototype of this application. Since the experiment 

subjects were not aware of the case application, these high-level features could be used as the baseline for 

evaluating the novelty of the requirements identified in our experiment [32, 33]. Therefore, a requirement 

identified by an individual subject was considered to be new if it had not been included in the baseline 

features identified prior to this experiment. However, it must be mentioned that to make this evaluation 

more precise, we decided to break down the high-level features of the baseline to 33 atomic requirements 

in the similar granularity level as the requirements identified by the subjects in our experiment.  
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On the other hand, to define the feasibility of the requirements all the identified requirements were 

evaluated on their realism, whether they were out of scope, and whether they had some technical 

obstacles. This evaluation was done by the authors of this paper. One of the researchers, who had 

participated in the previous design and development of the UniGuide, did the initial evaluation, which 

was then assessed and verified by a second researcher. An idea was assigned to the infeasible category if 

it was unrealistic, was considered out of scope, or presented technical obstacles. For example, a member 

of the IG requested “An application that can be used to regulate temperatures, lighting, etc., remotely.” 

This requirement was considered to be unrealistic due to the fact that usually in public buildings and 

environments, such as a university campus, the air conditioning systems are managed by facility services 

and temperature is controlled centrally; obviously, unauthorized individuals such as students do not have 

access to such systems. An example of a technically infeasible feature is one of the subjects requesting to 

“Make the system real time by using the CCTV.” This feature was considered infeasible because of the 

fact that providing real-time visual data in a big environment like a university not only requires extensive 

technical infrastructure but also might not be in line with the security and privacy policies of the 

organization. 

In the experiment, each requirement was attributed to the individual subject who identified it in the 

requirements elicitation process. The mean numbers of identified requirements were used for comparative 

analysis of the effectiveness of the two methods used in the experiment. Tables 3 and 4 summarize the 

results of the experiment.  

Table 3. Number of requirements identified by subject. 

Group 
Subjects 

Number of  

Requirements 

Number of New 

Requirements 

Number of Feasible 

Requirements 

n Total M SD Total M SD Total M SD 

AG 19 70 3.7 1.86 30 1.6 0.96 59 3.1 1.73 

IG 15 72 4.8 1.82 36 2.4 0.91 63 4.2 2.34 

As can be seen in Table 3, the total number of identified requirements appears to be nearly the same 

in both groups, but since the IG was smaller in terms of the number of participants, the mean number of 

requirements was higher in this group. As it can be seen from Table 3 above, the AG identified 70 

requirements while IG identified 72 requirements. The IG subjects identified more new requirements (M 

= 2.4) and feasible requirements (M = 4.2) than the AG subjects (M = 1.6 and M = 3.1). The standard 

deviation of the number of requirements and number of new requirements were quite similar in both 

groups. However, the variability between the subjects in identifying feasible requirements appears to be 

slightly higher in the IG (SD = 2.34) than in the AG (SD = 1.73). Of the 70 requirements identified by 

AG, 61 were functional, and the rest were non-functional. In contrast, of the IG’s 72 requirements, 51 

were functional and 21 non-functional (see Table 4).  

Table 4. Number of functional and non-functional requirements identified by subject. 

Group 

Subjects 
Number of Functional 

Requirements 

Number of Non-functional 

Requirements 

n Total M SD Total M SD 

AG 19 61 3.21 1.65 9 0.47 0.697 

IG 15 51 3.40 1.76 21 1.40 1.18 
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As it is indicated in Table 4, the mean number of functional requirements identified by IG (M = 3.4) 

is slightly higher than AG’s (M = 3.21). However the mean number of non-functional requirements 

identified by IG (M = 1.4) is almost three times bigger than the average number of non-functional 

requirements identified by AG (M = 0.47).  

5.1. Quantity of requirements 

The effectiveness of the requirements elicitation methods regarding the quantity of the requirements 

was measured based on the number of requirements identified by a subject. The results are presented in 

Table 5. 

Table 5. Mean number of requirements identified by subjects. 

 Group N Mean Std. Deviation 

Number of Requirements 
AG 19 3.7 1.857 

IG 15 4.8 1.821 

As it is shown in Table 5, the IG subjects identified approximately one more requirement on average 

(M = 4.8) than the AG subjects (M = 3.7). This indicates that the Innovation requirements elicitation 

method can have a positive effect on requirements elicitation by increasing the number of identified 

requirements. 

In order to statistically analyze the effect of Innovation requirements elicitation on the number of 

identified requirements, an independent sample t-test was used. Since we cannot credibly assume 

theoretically or empirically based on earlier studies that the studied Innovation requirements elicitation 

method can produce only better results than the compared Agile requirements elicitation method, we used 

a two-tailed test [50]. The statistical hypotheses for the t-test we used are of the form: 

H0: μIG = μAG 

H1: μIG ≠ μAG. 

The results of the t-test for the effect of the Innovation requirements elicitation method on the 

quantity of the requirements in comparison to the Agile requirements elicitation method are presented in 

Table 6 below.  

Table 6. t-test for the mean number of requirements identified by subjects. 

 

Levene’s Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. 

(2-tailed) 

Mean 

Difference 

Number of Requirements 
Equal Variances 

Assumed 
0.185 0.670 1.754 32 0.089 1.116 

According to the results of the Levene’s test, the t-test assumption of the homogeneity of the group 

variances can be expected to hold. The t-test results reveal that the statistical significance of the difference 

of the means between the groups (p = 0.089) is not significant at the level of α = 0.05, but only at level α 

= 0.10. Even if the H0 hypothesis of equality of mean number of identified requirements between the IG 

and AG groups cannot be rejected at the significance level α = 0.05, it still leaves open the possibility that 

the Innovation requirements elicitation method could result in identifying a higher number of 
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requirements than using the common Agile requirements elicitation method. Even if a difference in the 

sample means of the requirements were observable in our experiment and the H0 hypothesis of equality of 

the means can be rejected at the level α = 0.10, the sample size of the experiment did not offer sufficient 

statistical power to reject the H0 hypothesis with the chosen significance level of α = 0.05. However, the 

results imply a need for further analysis. 

To further explore the effect of the Innovation requirements elicitation method on the number of 

identified requirements, we decided to examine the potential relation between the effectiveness of the 

requirements elicitation method and the level of the individual’s technical skills. As previously discussed, 

in software development projects functional requirements are often provided by customers while non-

functional requirements are mainly identified by developers [3, 12]. Following this, we decided to further 

our analysis by investigating the relation between individuals’ experience and the numbers of functional 

and non-functional requirements identified by them. The results from these two sets of analyses are 

discussed in the following sections.  

5.1.1. Quantity of requirements identified by less-experienced 

subjects 

In the first set of analyses, we evaluated the effects of the method under study on the number of 

requirements identified by less-experienced participants, i.e., the members of the Customer and User 

teams. As is discussed earlier, these teams have a central role in the requirements elicitation phase since 

they are the ones who are supposed to provide their desired requirements for the system to be developed. 

Tables 7 and 8 provide a summary of the number of requirements identified by only the less-experienced 

subjects. 

Table 7. Mean number of requirements identified by the less-experienced subjects. 

 Group N Mean Std. Deviation 

Number of Requirements 
IG 11 5.5 1.635 

AG 15 3.2 1.521 

As it can be seen from Table 7, the mean number of requirements (M = 5.5) identified by less-

experienced subjects from the IG is considerably higher than that of the AG subjects (M = 3.2). 

Additionally as it can be seen in Table 8 below, the mean numbers of both functional and non-functional 

requirements identified by less-experienced subjects from IG (M = 4.09, M = 1.36) are higher than those 

of AG (M = 2.93, M = 0.27). 

Table 8. Mean number of functional and non-functional requirements identified by the less-

experienced subjects. 

Group 

Less-experienced 

Subjects 

Number of Functional 

Requirements 

Number of Non-functional 

Requirements 

N Total M SD Total M SD 

AG 15 44 2.93 1.53 4 0.27 0.46 

IG 11 45 4.09 1.51 15 1.36 1.20 

We have evaluated the statistical significance of these results as it is presented in Tables 9 and 10. 
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Table 9. t-test for the mean number of requirements identified by the less-experienced subjects. 

 

Levene’s Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. 

(2-tailed) 

Mean 

Difference 

Number of Requirements 
Equal Variances 

Assumed 
0.062 0.805 3.62 24 0.001 2.255 

According to the results of the first t-test shown in Table 9, the assumption of the homogeneity of the 

group variances can be expected to hold. The results of the t-test show a statistically highly significant (p 

= 0.001) difference between the mean number of requirements identified by less-experienced subjects of 

IG than of AG.  

Table 10. t-test for the mean number of functional and non-functional requirements identified by 

the less-experienced subjects. 

 

Levene’s Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. 

(2-ailed) 

Mean 

Difference 

Number of Functional 

Requirements 

Equal Variances 

Assumed 
0.449 0.509 1.91 24 0.068 1.16 

Number of Non-

functional Requirements 

Equal Variances 

Assumed 
14.479 0.001 3.23 24 0.004 1.10 

Equal Variances Not 

Assumed 
  2.87 12.12 0.014 1.10 

 According to the results of the second t-test shown in Table 10, the difference between the mean 

numbers of functional requirements identified by the less-experienced subjects from both groups (p = 

0.068) is not statistically significant at the level of α = 0.05. In the case of non-functional requirements, 

the assumption of homogeneity of the group variances cannot be expected to hold according the Levene’s 

test, and the t-value based on pooled variances is used. The results reveal a statistically significant 

difference between the mean numbers of non-functional requirements identified by the less-experienced 

subjects (p = 0.014) from IG and AG. Therefore, regarding the subjects with less professional experience, 

the Innovation requirements elicitation method appears to improve requirements elicitation by increasing 

the quantity of the identified requirements, especially the number of non-functional requirements. 

5.1.2. Quantity of requirements identified by more-experienced 

subjects 

On the other hand, in the second sets of analyses only the numbers of requirements identified by the 

more-experienced subjects—i.e., the individuals from the Development teams—were taken into 

consideration. As noted earlier, the individuals from the Development teams are the ones who must 

further analyze the user requirements and specify the necessary software requirements. Following this, it 

could be expected that subjects with a higher level of technical skills provide a higher number of non-

technical requirements. The summary of the number of requirements identified by the more-experienced 

subjects are shown in Tables 11 and 12. 
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Table 11. Mean number of requirements identified by the more-experienced subjects. 

 Group N Mean Std. Deviation 

Number of Requirements 
AG 4 5.5 0.816 

IG 4 3.0 2.082 

As is shown in Table 11, the mean number of requirements (M = 3.0) identified by the more-

experienced subjects from the IG is considerably lower than that of the AG subjects (M = 5.5). Table 12 

below presents the number of functional and non-functional requirements identified by the more-

experienced individuals from each group. 

Table 12. Mean number of functional and non-functional requirements identified by the more-

experienced subjects. 

Group 

More-experienced 

Subjects 

Number of Functional 

Requirements 

Number of Non-functional 

Requirements 

N Total M SD Total M SD 

AG 4 17 4.25 1.89 5 1.25 0.96 

IG 4 6 1.5 0.58 6 1.5 1.29 

As it is indicated in Table 12, the mean number of functional requirements identified by the more-

experienced subjects from AG ( M=4.25) is higher than those of IG (M=1.5). However, the mean number 

of non-functional requirements identified by the more-experienced subjects from IG (1.5) is higher than 

those of AG (M=1.25). In addition to this, it can also be seen from Table 12 that the mean numbers of 

functional and non-functional requirements identified by more-experienced individuals from IG are the 

same. However, the mean number of functional requirements identified by more-experienced individuals 

from AG is substantially higher than the mean number of non-functional requirements identified by them. 

This observation suggests that more-experienced subjects from AG have provided a substantially higher 

number of functional requirements (i.e. user requirements) rather than non-functional requirements. The 

statistical significance of the differences observed in Tables 11 and 12 are then evaluated through t-tests. 

The results of the t-test for more-experienced subjects are presented in Table 13 below. 

Table 13. t-test for the mean number of requirements identified by the more-experienced subjects. 

 

Levene’s Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. 

(2-tailed) 

Mean 

Difference 

Number of Requirements 
Equal Variances 

Assumed 
2.4 0.172 2.24 6 0.067 2.5 

According to these results, the t-test assumption of the homogeneity of the group variances can be 

expected to hold. The t-test results reveal that the statistical significance of the difference of the means 

between the mean number of requirements identified by the more-experienced subjects of IG than AG (p 

= 0.067) is not significant at the level of α = 0.05, but only at level α = 0.10. Despite the fact that the t-test 

result is not statistically significant at the chosen level of α = 0.05, the difference in sample means 

suggests that there could be a possibility that the Innovation requirements elicitation method would result 

in a lower number of requirements proposed by experienced members of Development teams compared 

to the Agile method.  
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Table 14 below presents the results from a t-test, which is conducted to evaluate the statistical 

significance of the differences between the mean numbers of functional and non-functional requirements 

identified by the more-experienced subjects. 

Table 14. t-test for the mean number of functional and non-functional requirements identified by 

the more-experienced subjects 

 

Levene’s Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. 

(2-tailed) 

Mean 

Difference 

Number of Functional 

Requirements 

Equal Variances 

Assumed 
2.882 0.140 2.78 6 0.032 2.75 

Number of Non-

functional Requirements 

Equal Variances 

Assumed 
0.5 0.5 0.31 6 0.76 0.25 

As it is indicated in Table 14, the difference between the mean numbers of functional requirements 

identified by the more-experienced subjects of AG and IG is statistically significant (p = 0.032). On the 

other hand, the difference between the mean numbers of non-functional requirements identified by the 

more-experienced subjects of IG and AG is not statistically significant (p = 0.76). These results indicate 

that in AG the more-experienced individuals have identified a significantly higher number of user 

requirements than system requirements. Furthermore, according to Tables 8 and 12, it becomes apparent 

that while in IG the mean number of functional requirements identified by the less-experienced subjects 

(M=4.09) is significantly higher than the mean number of functional requirements identified by the more-

experienced subjects (M=1.5) the less-experienced subjects from IG identified a slightly higher number of 

non-functional requirements than the more-experienced subjects. In contrast, in AG the mean numbers of 

both functional and non-functional requirements identified by the more-experienced subjects (M=4.25, 

M=1.25) is higher than the mean numbers of functional and non-functional requirements identified by 

less-experienced subjects (M=2.93, M=0.27). 

These observations that seem to contradict the previous observations (see Section 5.1.1) can be 

explained by the characteristics of the Innovation method. During the game sessions held in IG, while the 

individuals from Customer and Users teams were providing their requirements, the individuals from the 

Development team were mainly observing users’ actions and trying to clarify their suggested 

requirements. In other words, while the members of Development team had the ability to suggest 

potential new features to the end-users and assist them to identify and clarify their requirements, it seems 

that using the Innovation method hindered the individuals in the Development team from imposing their 

desired features to the less-experienced individuals. Thus, it allows the end-users to provide those 

requirements, which were more valuable to them. Therefore, it becomes apparent that the less-

experienced subjects from IG had a better contribution in terms of the quantity of functional and non-

functional requirements identified during the requirements elicitation process. Overall, it seems that using 

the Innovation method ultimately increased the relative number of requirements identified by the actual 

system users from Customer and Users teams in comparison to developers from Development teams.  

Considering the quantitative effectiveness of the innovation requirements elicitation method, the 

results from the analyses presented in this section show that the Innovation method can improve 

distributed requirements elicitation in comparison to the Agile requirements elicitation in terms of number 

of user requirements identified by actual system users compared to system developers. Based on these 
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results, we can conclude that utilizing online serious games is an effective method for facilitating the 

distributed requirements elicitation process with respect to the number of requirements identified by 

customers and actual system users. Our results reveal that the Innovation method enables less-

experienced individuals to identify and provide a higher number of requirements. In addition, while this 

method enables development teams to evoke more user requirements by assisting end-users in identifying 

and improving their needs, it seems that using Innovation method also hinders developers from imposing 

their preferred features to customers. This is in concordance with the principles of agile software 

development in emphasizing the significance of producing only customers’ desired requirements and 

avoiding unnecessary features, which do not bring any business values to customers [6, 51, 52].  

5.2. Quality of requirements 

The effectiveness of the methods regarding the quality of requirements was measured with two 

different variables, number of new requirements and number of feasible requirements. The results of the 

experiment concerning the identified requirements’ novelty are presented in Figure 3, and feasibility is 

presented in Figure 4.  

 

Figure 3. Mean number of new and known requirements by groups. 

As is shown in Figure 3 above, the IG subjects identified on average more new requirements (M = 

2.4) than the AG subjects (M = 1.6). In addition, the relative number of new requirements compared to 

known requirements is higher. This indicates that the new Innovation requirements elicitation method 

would result in more new requirements than the common Agile requirements elicitation method. 

 

Figure 4. Mean number of feasible and infeasible requirements by groups. 

Figure 4 reveals a rather similar effect of the Innovation requirements elicitation method on the 

number of feasible requirements as on the novelty of the requirements. On average, IG subjects identified 

approximately one more feasible requirement (M = 4.2) than AG subjects (M = 3.1), even though the 

mean number of infeasible requirements remained the same for both groups.  
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It must be noted that, despite some similarities between the requirements identified by different 

subjects in our study, we had to include all those similar requirements in the analyses relevant to the 

requirements elicitation phase. This is due to the fact that in this study each requirement was attributed to 

the individual subject who identified that requirement. However, as it is discussed in Section 5.3, those 

similar requirements were later merged or removed during the requirements negotiation phase. 

To analyze the effect of the Innovation requirements elicitation method on the quality of the 

identified requirements in comparison to that of the Agile requirements elicitation method, we used a 

similar independent samples t-test as in the previous analysis of quantitative effectiveness. The t-test was 

done for both requirements’ quality aspects separately. Table 15 indicates the results of the t-test. 

Table 15. t-test for the quality of the requirements identified by subject. 

 

Levene’s Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. 

(2-tailed) 

Mean 

Difference 

Number of 

New Requirements 

Equal Variances 

Assumed 
0.005 0.946 2.531 32 0.016 0.821 

Number of 

Feasible Requirements 

Equal Variances 

Assumed 
1.442 0.239 1.571 32 0.126 1.095 

According to the Levene’s test, the variance homogeneity assumption of the t-test can be expected to 

hold. The results of the t-test reveal that the difference in the mean number of new requirements is 

statistically significant (p = 0.016) at a significance level of α = 0.05. However, the difference in the mean 

number of feasible requirements is not statistically significant (p = 0.126). Based on the results, we can 

conclude that the Innovation requirements elicitation method can be considered to improve the quality of 

the requirements with respect to the novelty of the requirements when compared to the Agile method. 

However, the data do not provide enough evidence to support the hypothesis that the suggested new 

method would improve the quality aspect of feasibility of the identified requirements.  

5.3. Using online serious games in the requirements negotiation 

process 

In addition to the main objective of this study, we evaluated the effectiveness of our suggested 

approach in requirements negotiation. The main goal of requirements negotiation is to resolve conflicts 

and to come to an agreement between stakeholders about the most important and valuable requirements. 

Onsite customer participation enables the development team to negotiate requirements through face-to-

face interaction and communication. However, in distributed projects this approach is almost impossible, 

and teams have to communicate over ICT-mediated mediums. 

In our experiment, individuals from the AG used videoconferencing tools for requirements 

negotiation. During this phase, the Headquarters and Development teams tried to indicate the available 

inconsistencies and overlaps between requirements suggested by individuals. In addition, teams discussed 

the priorities of identified requirements based on estimated development efforts and necessity of 

requirements. Finally, the teams updated the product backlog and selected a set of high-priority 

requirements to be developed in the software prototype. 
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In contrast, in the IG individuals negotiated the requirements by applying the Buy a Feature game. 

As mentioned earlier, in this game every software feature in the product backlog has a price, and each 

individual from the Customer and User teams has a limited amount of play money that can be spent to 

buy the desired feature. Since the total amount of money that all these individuals have together is only 

enough to buy one-third of all software features in the product backlog, the individuals have to discuss 

and choose the most important features to be bought and consequently developed.  

Following this phase, in both groups, the Development team delivered an initial version of the 

software prototype to the Customer and User teams. Later, they collected feedback regarding the usability 

and appearance of these prototypes, and based on this feedback, the software prototype and the product 

backlog were improved and updated. To evaluate the effectiveness of each technique, we compared the 

initial set of requirements provided by each group and the final requirements delivered by the groups at 

the end of the project. 

The final product backlogs delivered by the groups indicate that both groups, to some extent, were 

able to merge similar ideas and to improve the vague and unclear requirements. However, after evaluating 

the requirements delivered by each group we realized that there are still some similarities and overlaps 

among these requirements. Therefore, in order to identify and merge similar requirements and to align the 

granularity of the requirements with the requirements baseline, all the delivered requirements were 

analyzed by two of the authors individually. The results from these individual requirements analyses were 

then discussed with the third author, and the final sets of unique requirements delivered by each group 

were identified. Based on these results, AG has delivered 34 unique requirements from which 6 were 

infeasible. In contrast, IG provided a set of 35 unique requirements from which 3 were infeasible (see 

Table 16).  

Table 16. Number of unique feasible requirements after the requirements negotiation phase. 

 Group N Total Mean 

Number of unique feasible 

requirements 

AG 19 28 1.47 

IG 15 32 2.1 

As it can be seen in Table 16 after combining the similar requirements and removing infeasible 

requirements, the average number of final requirements identified by IG (M = 2.1) is higher than the 

average number of requirements identified by AG (M = 1.47). Although these results show that IG 

members were able to deliver a relatively higher number of feasible requirements, we decided to further 

evaluate the effectiveness of the methods under study based on the relevance of the requirements 

identified by each of the groups. To do so, we decided to perform a precision and recall analysis that is 

widely used in the information retrieval context [53]. In the context of information retrieval, precision is 

measured by calculating the fraction of retrieved items that are relevant while recall is measured as the 

fraction of all relevant items that are retrieved [53-55]. Higher precision means that from all the retrieved 

items a relatively greater fraction are relevant, while higher recall means that a relatively greater fraction 

of all relevant items is retrieved. According to these definitions, for calculating precision and recall 

measures in the context of requirements engineering, feasible requirements can be considered as relevant 

items. Therefore, following [53-55], we calculated each of precision and recall measures as follows: 
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It must be noted that since it is almost impossible to identify a closed set of “all feasible 

requirements,” we decided to take into account all the feasible requirements that were known at the end of 

our experiment. Therefore, we formed a collection that consists of all the distinct items from the 

requirements baseline and all the new and feasible requirements identified by at least one of AG or IG 

groups during this project as follows: 

  

As previously mentioned, the requirements baselines known prior to this study consisted of 33 

unique requirements. In addition to this, after evaluation of the final product backlogs delivered by the 

groups we identified 10 new feasible requirements delivered only by AG, 14 new feasible requirements 

delivered only by IG, and 6 new feasible requirements delivered by both groups. Therefore, our collection 

of “all feasible requirements” after negotiation phase consisted of 63 distinct requirements. Using this 

collection we calculated the precision and recall measures for both groups. The results from these 

calculations are presented in Table 17 below. 

Table 17. Precision and recall analysis after the requirements negotiation phase. 

Group Precision Recall 

AG 
  

IG 
  

As it is indicated in Table 17, both the precision and recall measures from IG are greater than AG’s 

measures. Based on these results, more than 91% of the requirements identified by IG are relevant, while 

from the requirements identified by AG around 82 % are relevant. IG’s precision being greater than AG’s 

means that the individuals from IG were able to identify a relatively greater percentage of relevant 

requirements. On the other hand, as it can be seen from Table 17, individuals from IG were able to 

identify more than 50% of all the feasible requirements while individuals from AG were able to identify 

around 44% of the all feasible requirements. These results show that individuals from IG were able to 

identify a greater fraction of all feasible requirements known for the UniGuide application. These results 

demonstrate that overall, after the requirements negotiation phase, individuals from IG have a better 

performance in terms of identifying a relatively higher number of feasible requirements. 

When considering the results, it is also essential to assess the amount of time used by each group 

while identifying the requirements. Although both groups had 1 week to identify and deliver their 

requirements, it is notable that subjects from the IG identified requirements during 1-hour game sessions. 

On the other hand, project communication logs indicate that in addition to almost three days of constant 
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communication via email for identifying and gathering their requirements, AG members spent around 3.5 

hours in discussion via chat and online meetings. Even though the exact amount of time spent by AG was 

not calculated, it seems the IG had a substantial advantage in the amount of time consumed per 

requirement, which is beneficial, especially in today’s fast-moving and competitive market. 

6. Discussion 

The main objective of this research was to investigate the impacts of online serious games on the 

quality of requirements elicitation process in distributed software projects. Based on prior research, we 

suggest that applying online serious games not only is an effective method for encouraging individuals to 

engage in distributed requirements elicitation but it also enables development teams to facilitate 

innovation and creativity among software stakeholders. We assessed the effectiveness of our suggested 

approach with the experimental study. Our experiment demonstrated the effectiveness of the Innovation 

requirements elicitation method both quantitatively and qualitatively.  

The observations indicate that subjects who used online serious games appeared to identify more 

requirements in general, as well as more new requirements, than those subjects who used common agile 

practices. In order to test the significance of the difference between the numbers of requirements 

identified by utilizing each method, we conducted a series of hypothesis tests.  

We started our analysis by comparing the difference between the mean numbers of requirements 

identified by all the subjects participating in the requirements elicitation process. The comparison 

between the mean numbers of the identified requirements indicates that the suggested Innovation 

requirements elicitation method results in a higher number of requirements. However, to evaluate the 

significance of this effectiveness, we conducted a t-test. The results from the t-test showed that the 

difference between the number of requirements identified by using either of the methods is not 

statistically significant. For continuing the analysis, we focused on the effect of individuals’ experience 

on the quantity of identified requirements. To do so, we analyzed the number of requirements identified 

by less-experienced and more-experienced subjects groups separately. 

First, we compared the effects of the methods on the total number of requirements and number of 

functional and non-functional requirements identified by less-experienced individuals. This was done 

because, based on the literature, it is known that requirements elicitation is especially challenging for 

customers and end users with low levels of technical and domain skills [3, 5, 10, 11]. In addition, it has 

been observed in previous studies that using well-structured requirements elicitation methods is more 

efficient for gathering requirements from less-experienced individuals [56]. The results of two t-tests 

conducted in this round of analysis reveal that both the mean number of all requirements and the mean 

number of non-functional requirements identified by the less-experienced individuals using online serious 

games are significantly higher than the mean numbers of all requirements and non-functional 

requirements identified by utilizing common agile practices. This is an important observation keeping in 

mind that the less-experienced subjects have the role of the customers and end users and they are the ones 

who must provide their desired requirements. Therefore, according to these results, it can be said that 

using online serious games enabled individuals with less professional experience to better participate in 

the requirements elicitation process and to identify a higher number of requirements.  
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We continued our analysis by evaluating the effects of the utilized methods on the total number of 

requirements and number of functional and non-functional requirements identified by more-experienced 

individuals from Development teams. This comparison has been done due to the fact that implementing 

unnecessary features while ignoring important user requirements are often associated with inadequate 

requirements elicitation [1]. During this round of analysis, we conducted two t-tests in order to evaluate 

the significance of our findings. Although the mean number of requirements identified by more-

experienced individuals from AG is higher than from IG, the results of the first t-test did not confirm this 

difference to be statistically significant. The results of the second t-test, however, indicate that the 

difference between the mean numbers of functional requirements identified by the more-experienced 

subjects of AG than of IG is significantly high. These results in addition to the highly significant results 

from the t-tests conducted for less-experienced subjects suggest that using online serious games could 

reduce the number of user requirements proposed by developers and in contrast increase the number of 

requirements proposed by less-experienced individuals who are the actual system users. This can be 

considered as a benefit especially from the perspective of agile software development where its highest 

priority is to deliver customers’ most valuable requirements [21] and to avoid consuming project 

resources on producing unnecessary features, which do not bring any business value to customers [6, 51, 

52]. 

For evaluating the effectiveness of the methods under study regarding the quality of requirements, we 

conducted corresponding t-tests for number of new requirements and number of feasible requirements 

provided by the groups. The results of these tests supported the expectation that the requirements 

identified by subjects within the IG also have clearly more novelty compared to the requirements 

identified by subjects from the AG. The method also might have some effect on the feasibility of the 

requirements, but the results from the conducted t-tests did not support this effect clearly. Therefore, we 

decided to further investigate this effect by conducting a precision and recall analysis [54, 55] to evaluate 

the overall relevance of the requirements identified by the groups. The results from our precision and 

recall analysis reveal that, using Innovation method, IG has provided substantially more relevant (i.e. 

feasible) requirements than irrelevant (i.e. infeasible) requirements compared to AG. Additionally, IG has 

also returned a slightly greater fraction of all the relevant requirements compared to AG. Overall, our 

experiment conducted in the context of an academic project gave convincing results for supporting the 

effectiveness of our proposed Innovation requirements elicitation method.  

According to these results, we believe that using online serious games is an effective method for 

solving some of the main requirements elicitation challenges mentioned at the beginning of this paper. 

First, like other collaborative games, this technique was interesting to the majority of users. Thus, in 

alignment with prior studies (e.g., [32-34, 37]), we argue that our proposed method, Innovation 

requirements elicitation, is an effective method for encouraging system stakeholders to participate in 

requirements elicitation and to improve their engagement in the process by actively collaborating with 

other participants. According to our observations during the project and the participants’ reflection 

reports, not only were most of the participants satisfied with using online serious games in requirements 

elicitations and negotiation sessions, but they also enjoyed participating in these online sessions.  
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The online serious game was considered especially helpful by some participants since they were able 

to ask questions and discuss suggested features and ideas with other players via the chat facility. One 

subject mentioned:  

“I was really nervous about the games, and I was sure that I wouldn’t come up with any 

ideas. But instead it went totally different. I used the chat box at the play, and I really was 

involved in the game.” 

Second, we noticed that during the game sessions most of the participants were confident enough to 

interact with other players and participate in discussions, and as a result they were highly engaged in the 

requirements elicitations and negotiation sessions. Some of the subjects mentioned that it was easier for 

them to interact and communicate with other players and to describe and discuss their requirements. In 

addition, the majority of participants said that playing interactive games allowed them to easily see and 

follow other participants’ actions and create new ideas accordingly. For instance, one of the participants 

from IG said:  

“It was interesting to see what kind of requirements others added to the tree, and it gave 

me the opportunity to invent new requirements based on others’ requirements.” 

This might be due to the fact that interactive serious games provide a rich visual image of the 

software under development to the participants, which makes it easier for them to understand the relations 

between different user requirements and how these requirements must be developed over time. In addition 

to this, due to the interactive nature of these games, collecting user requirements from several 

stakeholders and providing feedback to them happens quickly and simultaneously. In comparison, when 

using common requirements elicitation techniques, the requirements are mainly represented in the written 

format, and therefore it might be more difficult and time-consuming to follow and compare all the user 

requirements and understand the necessity and priority of those requirements. Therefore, it might be 

challenging for individuals to identify innovative ideas based on requirements suggested by others. It is 

worth noting that one of the participants from the AG brought up this issue: 

“It was even hard for me to figure out one new [idea] after I saw everybody’s ideas.”  

Furthermore, many participants considered the Buy a Feature game a helpful technique for 

negotiating and prioritizing requirements. The diversity between users’ expectations and requirements is a 

main factor that leads to conflict among software stakeholders and makes requirements negotiation 

challenging [9, 18]. The winning factor in this game was that participants did not have enough money to 

buy all their desired features. Therefore, the teammates had to discuss and reach an agreement about the 

most important and necessary feature to buy. Our observations during and after the game sessions 

indicate that this technique is effective for prioritizing customers’ requirements based on business value 

and the cost and effort needed to develop each feature. A participant observed:  
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“Everyone has a different priority. At some point, I wanted to buy a feature that seemed 

really important to me, but I didn’t have enough money. So I suggested to others to buy 

that. Unfortunately, it was not a high priority for everyone.” 

Another factor that might have improved the quality of the process of requirements elicitation in the 

IG is that the development team constantly followed the users’ actions and discussions. Obtaining a 

common understanding among different stakeholders is difficult [4], and extra effort is needed by 

software developers and system analysts to gain a shared understanding of system features [9]. In this 

study, when there was a misunderstanding about an idea or requirements, the team could immediately ask 

for more clarification and description. This technique enables the development team to gather more 

detailed information about users’ requirements. The available chat history from the game sessions 

indicates that in several cases the developers discussed issues with users and immediately changed, 

merged, or improved requirements.  

In addition, in our case, using a web-based tool was a good solution for the problem of 

documentation, one of the challenges of requirements engineering in software projects [9, 18]. The web-

based tool we used for organizing online requirements elicitation sessions automatically produces a 

complete list of players, their requirements, and their actions during the game. This information can be 

used by the development team for further analysis in later stages of the projects. 

Finally, in all game sessions participants used only the chat tool provided by the game environment 

as the communication medium. This method enables players to be more comfortable participating in 

discussions and to collaborate with others as they can overcome their low self-conception of their foreign 

language skills. Since English is usually used as the working language in GSD projects, using instant 

messaging enables cross-cultural teams to mitigate issues related to language barriers such as the diversity 

of dialects and the variants of English [57]. In addition, [58] found that the efficiency of discussion 

between software stakeholders via instant messaging is higher than that of face-to-face discussion, 

especially in cross-cultural teams. Furthermore, the available chat history enables the development team 

to document discussions between stakeholders without spending extra time and money to transcribe face-

to-face conversations between software stakeholders. 

6.1. Academic and managerial implications 

When summarized, the contributions of this study are both academic and practical. From an 

academic perspective, our results reveal that serious games can be used not only for pedagogical purposes 

but also as a driver for enhancing creativity and facilitating innovation among individuals. In this study 

we focused on using serious games only in distributed requirements elicitation and negotiation processes. 

However, further research may enhance our understanding about the impacts of serious games on 

different stages of software development projects. In addition, here our results only indicate that utilizing 

online serious games is significantly effective for improving the performance of less-experienced 

stakeholders such as end users in the requirements elicitation process. However, it may be valuable to 

further investigate how this approach can be beneficial to improve the performance of more-experienced 

stakeholders like development teams. 
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Our results are also providing valuable implications for practice. The results of our data analysis 

revealed that playing games encourages individuals to collaborate in team projects and enables them to be 

more confident in communicating with others. In particular, using interactive online serious games 

provides a clear and understandable image of the project to the customers while it enables participants to 

observe and follow others’ actions easily. In addition, integrating text-based communication alongside 

online games is an effective method for improving the quality of communication in multicultural teams 

and mitigating language barriers. Finally, our suggested approach enables development teams to mainly 

concentrate on understanding user expectations and needs during the requirements elicitation process 

without spending extra time and effort on the documentation process. Although in this study our main 

goal was to study the impacts of iterative serious games on distributed requirements elicitation, it is worth 

noting that utilizing such games might be beneficial to facilitate communication and collaboration 

between software stakeholders in different types of collocated projects.  

6.2. Threats to validity 

It must be mentioned that there are some limitations of this study that may present threats to validity 

of the results [48]. First, the subjects of our experiment were chosen among students (i.e. threat to 

external validity). Although using students is common in conducting empirical research in Software 

Engineering discipline, it is suggested by previous studies that using students as subjects must be under 

certain circumstances [59]. Even though following [60] we compensated this threat to external validity by 

choosing an application for which students are the end users, the question remains whether it would be 

fun and pleasant for other user types with different age ranges to play online games to provide their 

requirements. Another threat to external validity [48] is that we conducted our empirical research in an 

environment that was a simulation of distributed software development. Although the activities performed 

by teams were similar to those of real GSD projects, we had to assign teams to different time zones to 

simulate temporal distance. In addition to simulating the geographical distance, we also forced teams to 

use ICT-mediated tools as their main medium of communication. Thus, the geographical and temporal 

distance might not have been completely sensible for participants. However, most of the subjects 

mentioned the difficulty of communication and collaboration in cross-cultural teams and over ICT-

mediated tools in their personal diaries delivered at the end of the project. The last identified threat to 

external validity [48] is that in this research we used UniGuide as the software under development, which 

is considered to be a small and simple application with a limited number of features to be developed. The 

question here is whether it would be beneficial to use this method in order to identify and prioritize a 

large number of requirements in more complex and bigger industrial projects.  

One major threat to conclusion validity [48] is the low number of subjects in our experiment. Since 

our evaluation is based on data collected from 2 experimental groups this may reduce the ability to reveal 

patterns in the collected data. Another threat to conclusion validity is the quality of the data collected 

from the subjects participated in our study. Since in this study the subjects were asked to prepare different 

types of deliverables, including requirements, there is a risk that they have not paid enough attention to 

identifying and providing their requirements. However we have tried to eliminate this threat by balancing 

the workload of the subjects in different teams based on their assignments and activities. 
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A major threat to the construct validity [48] is that we used the number of identified requirements for 

measuring the effectiveness of requirements elicitation methods under study. Since the delivery of 

requirements was a part of the course assignments there is a risk that students might have thought that the 

higher number of requirements might lead to higher grades and for that reason they just paid attention to 

the quantity of requirements. This threat however has been mitigated in several ways. First of all at the 

beginning of the project we have emphasized that the main objective of the course is to understand the 

issues associated with communication and collaboration in distributed projects and not to identify a 

higher number of requirements. Secondly we have tried to measure the effectiveness of the treatments in 

terms of the quality of the requirements (i.e. novelty and feasibility) provided by subjects. Thirdly we 

have conducted a precision and recall analysis at the end of the project to evaluate the relevance of the 

requirements identified by each group. 

Finally our experiment also presents a threat to internal validity [48] because the numbers of subjects 

in two experimental groups were not the same. In order to avoid this threat we have tried to keep the 

number of subjects in both experimental groups balanced. However, unfortunately the unexpected 

departure of participants from group IG made the number of individuals in the groups imbalanced. Even 

though the higher number of subjects in the AG is in favor of the control group, this difference could have 

an effect on the experimental results especially on the quantity of the requirements identified by each 

group.  

6.3.  Future work 

Several aspects of our suggested approach require further study. First, although the positive results of 

this study are very encouraging, more empirical studies are needed to obtain highly significant and more 

generalizable results. In addition, in this study we mainly aimed to evaluate the effectiveness of online 

serious games in the requirements elicitation process. However, there is some evidence that this method is 

also effective in requirements negotiation between software stakeholders. Therefore, more research 

investigating the effectiveness of online serious games in requirements negotiation is needed. Finally, in 

this study we used specific types of commercial serious games designed by Innovation Games®. Today, 

many serious games can be used in different stages of requirements engineering. Each game has its own 

rules and goals, and for that reason individuals may have different reactions to these games. Thus, 

studying the impacts of various types of games on customers’ participation and collaboration in software 

projects would be interesting. 

7. Conclusions 

In this research, we suggested a novel approach called Innovation requirements elicitation in which a 

group of distributed stakeholders identify and prioritize their requirements through participation in online 

serious game sessions. The results from our analyses show that utilizing online serious games can be 

expected to increase the quantity of user requirements. Our findings specifically reveal that while our 

suggested approach enables less-experienced individuals to identify and provide a higher number of 

requirements, it also hinders developers from imposing their preferred features to customers. Based on 

these findings, we believe that utilizing online serious games is an effective method for increasing 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 

35 

motivation among customers to actively participate and engage in the requirements elicitation process. 

These interactive games provide a visual image of products to customers and as a result increase their 

understanding of the project and its boundaries. By this, customers are able to actively engage in 

requirements elicitation processes and play a central role in identifying and communicating their needs 

and expectation. Furthermore, online serious games enable the development teams to collaborate with a 

geographically diverse set of customers and users and to easily collect new ideas and quick feedback for 

creating precise project roadmaps. Finally, using serious games can be a catalyst for discussion and 

negotiation between software stakeholders, which can be an effective method for resolving requirements 

conflicts. 
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Appendix A. Web-based Prune the Product Tree 
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Appendix B. Web-based Buy a Feature  
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Appendix C. A sample of course weekly assignments 
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