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ABSTRACT

Requirements elicitation though very critical activity in software development, has been plagued with challenges arising from
poor user involvement in software development projects and difficulties in communication between software developers and
users. Developed Software systems are unusable because users’ actual needs are not captured. These needs are cognitive and
formulated in the mind of users as mental models which are difficult to express in technical terms understood by developers
leading to incomplete requirement definition. Using qualitative methods, this research explored certain psychological aspects of
users’ behavior to stimulate users to enable them formulate mental models along the line of the solution to their problem. Using
Think Aloud Protocol Analysis techniques, users verbalizations were captured and analyzed to obtain users inner needs which
ordinarily are difficult to express. These needs when incorporated into other functional and non-functional requirements will
result in more complete software requirements and the development of usable software systems.
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1. BACKGROUND OF THE STUDY

The first phase in any software developmental effort is requirements engineering where the exact requirements of a software
system are determined (Jiang et al., 2002; Verner et al., 2005; Sommerville, 2007; Pandey and Pandey, 2012). The user’s needs
which are sometimes imprecise and incomplete are translated into complete, precise and formal specifications in this phase
( Nuseibeh and Easterbrook, 2000; Chakraborty et al., 2012). It is viewed as the most difficult phase in the software development
process (Chakraborty et al., 2012; Swarnalatha et al., 2014) because users needs are established in this phase and errors relating
to systems requirements undiscovered in this phase are expensive and difficult to fix in other phases of the software life cycle.
Brooks (1987) described requirements engineering as the “ hardest” single part of building a software system because it can
cripple the resulting system if something goes wrong. Pressman (2001) opined that a sound requirements engineering process
remains the best solution for the development of software systems that meet user needs and expectations. Without a well defined
requirement, it may be difficult to make proper estimations of cost, time and scope of software development (Aggarwal and
Singh, 2008). However, lack of user involvement and incomplete requirements occupy and retain a top position in the ranking of
reasons for software failures (Kujala, 2008; Viskovic et al, 2008; Rasmussen er al, 2011, Standish CHAOS Report 2012).
Requirements elicitation is the process of searching, revealing, acquiring and detailing of requirements for computer based
systems (Coulin et al, 2005).

It is an important activity in the software development process that involves discovering, capturing, learning, determining,
elaborating and gathering the needs of users and other stakeholders (Mulla and Girase, 2012; Sharmila and Umarani, 2011;
Zarinah and Siti-Salwa, 2009). Requirements elicitation is a major aspect of requirements engineering where user involvement is
critical. However, a persistent problem of software engineering is that users know what they want in a software system but they
have difficulties expressing these needs. This has resulted in poor communication and eventual isolation of users from the
development process, leading to developers having a poor knowledge of users and their actual needs (Walid and Happel, 2009;
Nicolas et al., 2008). The requirements elicitation process is a collaborative social practice involving multiple stakeholders that
must interact, communicate and eventually agree on the requirements since people perceive information differently and every
individual conceives their own representation of the real world based on their experience and working environment.
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Fuentes- Fernandez et al, (2010) opined that understanding the human context within which a system will operate is fundamental
for the requirements of that system. Developers may not have the requisite skills to successfully elicit the needs of users based on
only the technical knowledge they possess. This study therefore proposed certain psychological factors necessary to deal with
various human aspects to gather accurate requirements in addition to technical skills.

2. METHODOLOGY

To determine some psychological factors that influence users behavior, formal interviews were conducted. The aim of the
interview was to understand the factors that influence users to think along the line of the solution to their problem or formulate
mental models which represent their exact needs. Since most times this mental models are formulated in the minds of the users
(cognitive), the study also sought cognitive psychology tools used to extract users mental models, as this will help the developer
capture those needs that users often find difficult to express.

3. KEY INFORMANT INTERVIEWS

The key informant interviews were used to elicit information related to what mental models are, how they are formulated and
how mental models can be extracted. The key informants consisting of five (5) Educational Psychologists from the Faculty of
Education, University of Benin and two (2) Clinical Psychologists from the University of Benin Teaching Hospital, both in Edo
State, Nigeria were interviewed. A typical interview session lasted for about 30 minutes. All the psychologists were asked the
same questions so as to ensure consistency in feedback/response. Each session of interview commenced with a brief introduction
of the purpose of the study. Permission was thereafter sought to get their responses on the topic of discussion and to record the
interview. Two of the Interview sessions were recorded (one with an educational psychologist and one with a clinical
Psychologist) with the permission of the interviewees and the responses were later transcribed.

4. FINDINGS /DISCUSSION

The interview reports were transcribed and keywords related to the subject of interest were underlined and extracted. It was
deduced from the interview that mental models are internal representations of an individual’s perception of a particular situation.
Though they are difficult to represent especially by people not in the domain of reference (e.g. a user in a software development
environment), they cannot be ignored. Mental models are constructed and simulated within a conscious mind. Mental models
can also be described as psychological representations of real, hypothetical or imaginary situations with a form that corresponds
to the structure of what they represent (i.e. a person’s understanding of the surrounding world). They are based on incomplete
facts, past experiences, and even intuitive perceptions hence they can be seen as a set of assumptions which help shape actions
and behaviour. They expose what people pay attention to in complicated situations, and define how people approach and solve
problems.

4.1 Factors that Stimulate the Formation Of Mental Models
An individual’s thought towards a phenomenon is stimulated and directed by experience, training and instruction. (Figure 1).

Mental Model
Y

Training Experience Instruction

Figure 1: Formation of Mental Models

When users of software are exposed to certain stimulus (e.g a prototype), it helps them formulate mental models about the goal
to be achieved, the actions required and how these actions are translated into the desired software system which represents what
the perceived outcome should be.
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Perception is a process by which individuals organize and interpret their sensory impressions in order to give meaning to their
environment. People’s behaviour are based on their perception and the world that is perceived is the one that is behaviourally
important (selective attention). Selective distortion is perception in a way that is along what the user already knows. It affects
belief system. Other interrelated factors that influence a user’s perception and the formation of mental models are:

i
ii.
iii.
iv.
v.
vi.
vii.
viii.
iX.
X.
Xi.
Xii.

Belief system
Environment
Memory.

Sensory impressions
Motives
Experiences
Expectation

Interest

Learning
Motivation

Ability to think logically and coherently.

Findings from the interview helped to understand the gap between users and software developers. While the user thinks along the
line of the application domain, the developer perceives the problem in technical terms, thus creating a gap and placing both at
two extremes of a continuum as illustrated in Figure 2

T~
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Gap

_____________ » Technical
Knowledge
Developer

Figure 2: The user-Developer Continuum

The developer therefore needs to empathize with the users through close contact to appreciate the users difficulty in expressing
these needs. To bridge the gap between software developers and users and ensure that they both think along the same continuum
to find a solution to the users' problem, the developer needs to stimulate the user through experiments that prompt them to think
and formulate mental models in line with the developers conceptual model as presented in figure 3.
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Figure 3: Formation of Mental Models
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When a user is stimulated along the line of the solution to the problem, domain knowledge (stored in permanent memory) is
combined with the new experience to formulate visualizations (mental models) in the working memory. These visualizations
represent the images and expressions of the users needs. If they are captured while still in working memory, verbalizations
representing the users implicit needs are elicited. This becomes more difficult if these mental visualizations get into the
permanent memory. The next critical question is how to capture the users mental models?

4.3 Capturing Users Mental Models

Several techniques exist for capturing metal models such as Card sorting, concept maps, repertory grids, cognitive maps and
Think aloud protocol. A literature search showed that think aloud protocol is one of the widely used methods by psychologists to
understand people’s mental processes hence this study proposed it to capture mental models.

4.4 Think Aloud Protocol (TAP)

Think Aloud protocol is a verbalization method designed by Psychologist Karl Duncker in 1945 as a way of understanding
people’s mental processes (Johnstone et al., 2006). Ericsson and Simon (1993) posited that Think Aloud Protocol is a valid
method for researching cognitive processes and it uncovers thought processes and reveals the content of working memory
(Sahebkheir and Davatgari, 2013). By prompting the participants to ‘speak out” what goes through their mind, it is believed that
users mental models can be captured and analyzed. Wilhelm (2006) opined that think alouds gives a glance into hidden
activities, thereby making it possible to understand what is taking happening below the surface of consciousness. Whitehead et
al (2015) agreed that Think Aloud protocol be applied to record cognitive processes while the task is being performed as was
suggested in previous studies by Ericsson and Simon, (1980; 1993). It has been used to develop an understanding of the cognition
of individuals and differences in decision making processes of various individuals (Calmeiro and Tenenbaum, 2011; Arsal, 2013).
According to Kobrin and Young (2003), it is considered by some as the most direct way of uncovering the psychological
processes that an individual uses to carry out a task and they provide a plethora of information than would otherwise be accessed
about cognitive processes (Hayes and Flower, 1980). Think Aloud Protocols have also been applied in Usability testing and
Human Computer Information (Blair and Brick, 2010).

5. EXPERIMENTS TO CAPTURE USER’S MENTAL MODELS

An experiment was conducted using Think Aloud protocol to capture users requirements. The users were undergraduate students
who usually throng the Students Complain Section (SCS) of the Information Technology Department to lodge complaints and
seek solutions to problems arising from the use of the University portal. A large number of students daily throng the SCS,
leading to chaos and difficulty in attending to students. To avoid this situation and minimize physical contact, the unit proposed a
help desk system to handle students complaints online. The researcher worked with the Requirements Definition team for the
Help Desk System to capture users mental models using TAPs. An initial prototype (stimulus) was developed based on the
documented complains. The aim was to use the prototype to stimulate the users along the line of the solution to their problem so
that their mental models can be formed along the line of the solution that will meet their needs. Four (4) participants were
randomly selected for five (5) days to participate in the experiment as suggested by Young (2005) that a maximum sample size
of six (6) participants is most effective for a think aloud experiment.

The following steps were followed to capture the users mental models:
i.  Train participants. The prototype was presented to the students and they were asked to use it. There is a standard think
—aloud instruction extracted from Ericsson and Simon (1993) in Austin and Delaney (1998) which was modified .

6. MODIFIED STANDARD THINK-ALOUD INSTRUCTION

“In this experiment, we are interested in what you think about this system. In order to do this I am going to ask you to THINK
ALOUD as you use the system. What I mean by think aloud is that I want you to tell me EVERYTHING you are thinking as you
use the system. I would like you to talk aloud CONSTANTLY. I don't want you to try to plan out what you say or try to explain
to me what you are saying. Just act as if you are alone in the room speaking to yourself. It is most important that you keep talking.

If you are silent for any long period of time I will ask you to talk. Do you understand what I want you to do?”

i Conduct experiment and elicit verbalizations. A recorder was placed by each participants and the experiment was
conducted on one participant at a time. Though Ericsson and Simon (1993) argued that the researcher and the device
should be ‘out of sight” during the recording session to enhance reliability of the data, the researcher discovered that the
participants suddenly became quiet when stuck and this was the core of the experiment; getting those mental models
hence the participants were instructed to verbalize the thoughts that came to their minds as they performed the
experiment (Ruso et al., 1989). They were prompted from time to time to speak out their mental models when they
became quiet so as to maximize their verbalizations. Each experiment lasted for an average of 12 minutes.
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Transcribe the Recording. Each recording was transcribed immediately after the session. It is also a good idea to do the
transcribing shortly after the recording session. This way some of the parts otherwise missing due to some background
noise, unintelligible speech or too low voice will not get lost.

Extract keywords and phrases relating to system requirements from TAP output. It's been observed that analyzing
think aloud data can be overtly subjective. A common practice therefore is to review verbatim interview transcripts to
identify word /strings that indicate a particular type of requirement (Blair and Brick, 2010). Also, the granularity of a
phrase in relation to the requirements is considered before extraction.

The output of the TAPs revealed some cognitive requirements that improved the quality of the requirements for the help
desk system. For example, the need to profile users and extract requirements from each user group became clearer. Also
other functional requirements were extracted from the TAPs.

7. CONCLUSION

Requirements elicitation is a complex process since it is difficult for users to express their exact needs and developers view the
users problem from a technological perspective. This had resulted in incomplete requirements and the development of software
systems that are unusable. This research studied the role of Cognitive psychology in thinking, feeling and behavior of users and
developers in resolving the user-developer conflict during requirements elicitation. Adopting certain psychological processes to
stimulate users to think along the line of the solution to their problem and that when they encounter difficulties, they begin to
visualize in working memory, thereby producing mental models. Users thoughts were captured using verbalization techniques
and keywords relating to their inner needs were extracted and formulated into more complete software requirements. This
technique can be adopted and combined with any other existing techniques to reduce software failure rates.
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