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Resumo

Contexto: As técnicas de elicitação de requisitos são essenciais para apoiar os engen-
heiros de requisitos a obter uma melhor compreensão das necessidades dos usuários e das
partes interessadas. Embora existam diversas técnicas disponíveis para apoiar as fases da
Engenharia de Requisitos (ER), podem ocorrer dúvidas nas equipes de desenvolvimento
de software sobre qual técnica utilizar durante a atividade de elicitação de requisitos.
Objetivo: O objetivo desse trabalho é identificar as técnicas de elicitação de requisitos
mais utilizadas na literatura e comparar com as técnicas mais usadas pelos profissionais
na indústria. Além disso, identificam-se os desafios relacionados à elicitação de requisi-
tos, os prós e contras das principais técnicas identificadas na literatura, e baseado nos
prós e contras, analisam-se combinações possíveis das técnicas de elicitação de requisitos
que podem minimizar os desafios identificados na literatura e na indústria. Método:
Realizou-se uma Revisão Sistemática da Literatura (SLR) para identificar as técnicas de
elicitação de requisitos e os desafios discutidos na literatura ou na indústria. Ainda dentro
da Revisão Sistemática da Literatura, foi realizada a técnica de snowballing, para revisão
dos estudos primários encontrados dentro de outras SLR que foram trazidas pela string
de busca. Além disso, realizou-se uma pesquisa de opinião (survey) para investigar a per-
cepção dos praticantes da área de desenvolvimento de software (indivíduos trabalhando
na indústria de Software, independentemente da posição ou papel desempenhado) em
relação às técnicas identificadas e posteriormente compará-las com os resultados obtidos
na SLR. Finalmente, usando a técnica Grupo Focal, realizou-se duas sessões de avaliação
com dezenove especialistas para avaliar as combinações de técnicas e os resultados forneci-
dos neste estudo. Resultados: Foram identificados 54 estudos primários na SLR e eles
demonstraram que as técnicas tradicionais ainda são as mais utilizadas tanto na literatura
quanto nos projetos da indústria de software ao mesmo tempo que técnicas como Persona
estão ganhando espaço. Além disso, investigou-se combinações de técnicas já discutidas e
apresentadas na literatura, também com base nos pontos fortes encontrados na literatura
para cada técnica, foi possível identificar combinações de técnicas que pelas forças ou
pontos a favor identificados no SLR, poderiam ser combinados para superar a maioria
dos desafios identificados. As sessões de validação proporcionaram coletar a visão dos
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especialistas que complementaram as técnicas e combinações em uso pela comunidade.
Conclusão As técnicas mais mencionadas pela literatura e usadas na indústria de soft-
ware foram: Prototipação, Entrevistas, Estórias de Usuário, Cenários e Etnografia. A
combinação do uso dessas técnicas com, por exemplo, a técnica Persona podem ajudar a
superar os desafios identificados na literatura. O estudo conta com a descrição das prin-
cipais técnicas identificadas na literatura, contendo seus prós e contras e poderá apoiar
os engenheiros de requisitos durante a elicitação de requisitos. A disponibilização deste
estudo para apoiar os profissionais de software na elicitação de requisitos, permitirá que a
comunidade de engenharia de software contribua com feedback relacionado à combinação
do uso de técnicas, permitindo assim um aprimoramento e disseminação das percepções
das combinações feitas entre as técnicas de ER por os profissionais das equipes de de-
senvolvimento de software. Portanto, o guia pode auxiliar os profissionais de software na
escolha das técnicas a serem usadas e (ou) combinadas.

Palavras-chave: Desenvolvimento de Software Ágil, Engenharia de requisitos, Elicitação
de Requisitos, Técnicas de elicitação, Prós e contras das Técnicas de Elicitação, Desafios
do Desenvolvimento de Software Ágil, Combinações de Técnicas.
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Resumo Expandido

Título: Guia para Elicitação de Requisitos aplicado ao Desenvolvimento de
Software Ágil

Diversos estudos apresentam a fase de Elicitação de Requisitos como uma das mais
difícies de realizar e, certamente, como uma das mais importantes para o bom desen-
volvimento de software. Não é diferente com o modelo de desenvolvimento de Software
Ágil que depende da realização da elicitação de forma robusta e eficiente para entregar o
melhor resultado possível.

Para tanto, as técnicas de elicitação de requisitos são essenciais para ajudar os en-
genheiros de requisitos a obter uma melhor compreensão das necessidades dos usuários
e partes interessadas. Atualmente, existem muitas técnicas de Engenharia de Requisitos
(ER) para apoiar a atividade de elicitação de requisitos, algumas delas, mais utlizadas
há mais tempo pela comunidade e, naturalmente, mais conhecidas, enquanto outras, de-
senvolvidas mais recentemente, ainda não atingem uma parcela maior de engenheiros de
requisitos, desenvolvedores e demais praticantes ligados ao desenvolvimento de software
(individuos trabalhando na indústria de Software, independentemente da posição ou papel
desempenhado).

A vasta gama de técnicas existentes veio para auxiliar a todos os envolvidos, porém,
por outro lado, a simples existência de uma técnica de elicitação, por si só, não garante
o sucesso da etapa e, por consequência, do projeto. A falta de experiência teórica e
prática em técnicas, tradicionais ou mais recentes, bem como falta de conhecimento sobre
potencialidades ou dificuldades da técnicas, ou em outras palavras, as forças e fraquezas,
pode levar a equipe de desenvolvimento e aos responsáveis pela análise de requisitos a
não fazer as melhores escolhas possíveis ao projeto. Na prática, cada projeto tem seu
ambiente organizacional, sua cultura, seu cliente, e suas partes interessadas específicas,
que requerem que diferentes táticas e técnicas sejam empregadas de forma a conseguir o
melhor resultado.

Baseado nessa análise de discussões anteriores, essa pesquisa trouxe três objetivos
principais, de acordo com a revisão de literatura realizada.
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• i) identificar as técnicas mais utilizadas na literatura e comparar com as técnicas
mais usadas na indústria;

• ii) levantar os desafios listados na literatura para a elicitação de requisitos, bem
como, os prós e contras das principais técnicas identificadas no item anterior;

• iii) baseado nos prós e contras identificados, analisar possíveis combinações de téc-
nicas que ajudem a superar os desafios apresentados na literatura.

Para investigar os objetivos mencionados, as seguintes questões de pesquisa (QPs)
foram definidas:

• QP.1 Quais são as técnicas, existentes na literatura para elicitação de requisitos que
podem ser utilizadas nos processos de desenvolvimento ágil?

• QP.2 Quais são as forças e fraquezas (prós e contras) das técnicas identificadas bem
como os desafios da elicitação de requisitos que estão reportados na literatura?

• QP.3 Quais técnicas poderiam ser combinadas para melhorar o processo de elicitação
de requisitos?

Para responder às questões de pesquisa (QP) realizou-se uma Revisão Sistemática da
Literatura (RSL) buscando identificar as técnicas de elicitação de requisitos mais dis-
cutidas na literatura, seus pontos fortes e pontos fracos, bem como comparou-se com a
lista de técnicas mais utilizadas na indústria. Ademais, como alguns dos estudos trazidos
pela string de busca eram, por sua vez, também Revisões Sistemáticas de Literatura, foi
utilizada a técnica de “bola de neve“ analisando os estudos primários constantes nesses
estudos, para manter a compatibilidade das análises com foco nos estudos primários ape-
nas. Ainda em relação às técnicas, realizou-se uma pesquisa de opinião com profissionais
de Tecnologia da Informação para confrontar com os resultados obtidos na RSL, buscando
analisar quais técnicas são mais conhecidas e utilizadas bem como quais combinações de
técnicas são familiares aos praticantes da área.

Para a segunda pergunta de pesquisa, analisou-se, dentro dos papéis selecionados, es-
tudos relacionados ao desenvolvimento ágil de software que mencionaram desafios diversos
na utilização do modelo ágil de desenvolvimento. Após a análise dos desafios, esses foram
categorizados em grandes grupos para facilitar as análises.

Durante a condução da Revisão Sistemática da Literatura (RSL) foram utilizados
bancos de dados indexadores para a busca automática, a partir de uma string de busca e
também, foram realizadas pesquisas manuais nos periódicos e conferências mais relevantes
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da área. Inicialmente, foram extraídos 496 estudos e, após a remoção dos estudos dupli-
cados, bem como, a realização das análises baseadas nos critérios definidos de exclusão e
qualidade, foram selecionados 54 estudos para contribuir com esse trabalho.

A partir dos 54 estudos selecionados, a RSL demonstrou que as técnicas tradicionais
ainda são as mais utilizadas tanto na literatura quanto nos projetos da indústria de soft-
ware. As análises foram ratificadas pela pesquisa de opinião realizada com participantes
(desenvolvedores, engenheiros, analistas e gerentes de projeto) ligados ao Desenvolvimento
de Software Ágil. Além de identificar as técnicas mais citadas e discutidas, foi possível
identificar aquelas que ainda não apresentam o mesmo volume de estudos na literatura,
porém já estão sendo bem utilizadas na indústria.

Foi identificado que Prototipação, Entrevistas, Estórias de Usuários, Brainstorming,
Observação, Cenários, Questionários e Mapas Mentais são as técnicas mais citadas na
literatura. Ademais, Etnografia, Joint Application Development (JAD) and Workshop
também são bastante referenciadas na literatura, porém não sendo realmente utilizadas
em projetos reais da indústria. As três primeiras técnicas (Entrevistas, Prototipação e
Estórias de Usuários) também são as mais encontradas na indústria, por outro lado, Per-
sona, pelo menos com base nos estudos analisados, não é ainda tão discutida na literatura
enquanto mostra-se cada vez mais utilizada na indústria, trazendo formas diferentes de
realizar o levantamento de requisitos junto a usuários e partes interessadas.

A técnica de Casos de Uso foi amplamente referenciada, porém essa é uma técnica de
especificação, de forma que não foi considerada para análises. Design Thinking também
foi identificado nos estudos selecionados. Isso foi levado em consideração para fins da
pesquisa de opinião, porém não elencado para fins de combinações pelo fato de Design
Thinking representar um processo que utiliza técnicas de elicitação, dentre outras.

Sobre os desafios, pergunta de pesquisa 2, foi organizada uma lista, novamente, baseada
nos estudos selecionados e, a partir dela, foi realizada a categorização dos principais de-
safios em Desenvolvimento de Software Ágil, sendo os principais: tais como: documen-
tação falha, negociação e priorização de requisitos, arquitetura e qualidade de software,
comunicação incompleta ou falha, falta de habilidade do time ou dos usuários, escopo
e volatilidade dos requisitos, complexidade e escalabilidade dos projetos, conhecimento
de domínio por parte dos usuários, cultura e ambiente organizacional, disponibilidade e
engajamento das partes interessadas, tarefas relacionadas puramente à elicitação de requi-
sitos e dificuldades em traduzir os requisitos, além de outras citações que foram definidas
como “outras”, por não se incluírem em nenhuma das anteriores. Alguns dos desafios
apresentados estavam relacionados a outras etapas do ciclo e não foram levados adiante
na análise, e algumas categorias como “Cultura e Ambiente” e “Arquitetura e Qualidade
do Software” foram consideradas não específicas para Elicitação de Requisitos. As out-
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ras categorias: “Documentação”, “Comunicação”, “Tradução dos Requisitos”, “Escopo e
Volatilidade dos Requisitos”, “Disponibilidade e Engajamento das Partes Interessadas”,
“Complexidade e Escalibilidade dos Projetos”, “Negociação e Priorização de Requisitos”,
“Expertise do time e dos usuários”, “Tarefas de Elicitação de Requisitos”, foram entendi-
das como relevantes ao estudo.

Por fim, após análise das características das principais técnicas sobre seus pontos fortes
e fraquezas, o estudo buscou apresentar algumas combinações de técnicas que poderiam
ser úteis para ajudar a superar esses mesmos desafios elencados pela pesquisa. Algumas
combinações de técnicas foram encontradas na literatura como, por exemplo, “Estórias
de Usuários e Entrevistas”, “Estórias de Usuários e Prototipação”, “Estórias de Usuários
e Brainstorming”, “Entrevistas e Prototipação”, dentre outras.

Também foram realizadas duas sessões de validação usando a técnica de Grupo Focal,
que, em resumo, corresponde à reunião de um grupo de especialistas convidados para dis-
cutir itens específicos. A técnica de grupo focal prega que perguntas abertas, para motivar
a discussão, sejam realizadas. Nessas sessões, dezenove (19) especialistas debateram o uso
das técnicas, de combinações de técnicas e avaliaram como as informações apresentadas
nesse estudo poderiam ajudar aos praticantes e quais melhorias poderiam ser realizadas
no Mapa de Técnicas.

Das sessões de Grupo Focal, foi identificada que a técnica de Modelagem de Processos
de Negócio, uma técnica não específica para elicitação, é muito utilizada para levanta-
mento de requisitos, sendo uma das mais lembradas pelos especialistas de ambas as sessões,
inclusive, sendo utilizada em combinação com Prototipação, Brainstorming, Entrevistas
e Questionários.

Esse estudo, portanto, apresenta uma lista contendo as principais técnicas identificadas
na RSL, com seus respectivos pontos fortes e fracos, bem como, possíveis combinações
de uso das técnicas, tanto encontradas na literatura, como sugeridas nos grupos focais
e pesquisas realizadas, ou ainda, apresentadas e sugestionadas pelo autor,baseado nos
pontos fortes e fracos encontrados para cada técnica analisada.

O objetivo desse trabalho foi apresentar o mapa mais completo possível com infor-
mações sobre ciclo de desenvolvimento de projetos, técnicas para elicitação de requisitos,
desafios e categorias de desafios que poderão ser encontrados em casos práticos, análise
de vantagens e desvantagens de técnicas de elicitação de requisitos, e ainda, baseado
nas análises, técnicas e combinações de técnicas que poderiam auxiliar os profissionais
de Tecnologia da Informação e Comunicação (TIC) a superar as categorias de desafios
identificados durante esse trabalho.

Palavras-chave: Desenvolvimento de Software Ágil, Engenharia de requisitos, Elicitação
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de Requisitos, Técnicas de elicitação, Prós e contras das Técnicas de Elicitação, Desafios
do Desenvolvimento de Software Ágil, Combinações de Técnicas.
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Abstract

Background: Requirements elicitation techniques are essential to support requirements
engineers to gain a better understanding of the needs of users and stakeholders. Al-
though there are several techniques available to support the Requirements Engineering
(RE) software development teams might be doubtful about which technique to use during
requirements elicitation. Objective: The goal of this work is to identify Requirements
Elicitation (RE) Techniques most used in the literature and compare with the techniques
most used by professionals in the industry. In addition, we identified the challenges re-
lated to requirements elicitation, the pros and cons of the main techniques identified in
the literature, and based on the pros and cons, analyze possible combinations of require-
ments elicitation techniques that can minimize the challenges identified in literature and
industry. Method: We performed a Systematic Literature Review (SLR) to identify
requirements elicitation techniques and challenges discussed in the literature or industry.
Moreover, we performed a Survey to investigate the perception of software practitioners
(individuals working in the software industry in a large variety of roles and positions)
in relation to the techniques identified and subsequently compare them with the results
obtained in the SLR. Finally, using Focus Group technique, we executed two validation
sessions with nineteen specialists to evaluate technique combinations and the findings
provided on this guide. Results: 54 primary studies were identified in the SLR and they
demonstrated that traditional techniques are still the most used in both literature and
software industry projects. In addition, some techniques, such as Persona, are gaining
ground, helping requirements engineers to find different ways to elicit requirements from
end users and stakeholders. Moreover, we have investigated combinations of techniques
already discussed and presented in literature, also based on the strengths found in the
literature for each technique, it was possible to identify combinations of techniques that
by the forces or points in favor identified in the SLR, could be combined to overcome most
of the challenges identified. Furthermore, validation sessions provided the view of special-
ists that complemented the techniques and combinations under use by the community.
Conclusion The most mentioned techniques in the literature at the same time they are
used in the software industry are: Prototyping, Interview, User Stories, Brainstorming,
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Observation, Scenarios, Questionnaires and Mind Mapping. In addition, Ethnography,
Joint Application Development (JAD) and Workshop have many references in literature
while are not appealing for real projects in industry. On the other hand, Persona at least
from the papers retrieved during this search is not largely discussed in literature whereas
it has shown to be widely used in the industry. Combine the use of RE techniques can
help overcome the challenges identified in the literature. A guide with a description of all
techniques identified in the literature, containing their advantages and disadvantages can
support the requirements engineers during the requirements elicitation. The provision
of this study to support software practitioners in eliciting requirements, will allow the
software engineering community to contribute feedback related to the combination of the
use of techniques, thus allowing an improvement and dissemination of the perceptions of
the combinations made between the RE techniques by the professionals of the software
development teams. Hence, the guide can support software practitioners in choosing the
techniques to be used and (or) combined.

Keywords: Agile Software Development, Requirements Engineering, Requirements Elic-
itation, Elicitation Techniques, Agile Software Development (ASD) Challenges, Pros and
Cons of Elicitation Techniques, Combination of Techniques.
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Chapter 1

Introduction

Since the beginning of times, knowing what the other party wants is the essential very first
step to succeed and accomplish anything. However despite decades of extensive studies
by scholars, thousand of projects developed by companies and a large variety of tech-
niques created, industry and academia still struggle to identify the correct requirements
within a project. It is a fact that some software teams are not proficient at eliciting
requirements from customers and other sources [6]. Although seems easy, the ugly truth
is even the definition of what the term requirements mean is the object of a large dis-
cussion among software practitioners. We use the term software practitioners to refer to
individuals working in the software industry in a large variety of roles and positions. This
includes employees who analyze, design, develop, implement, operate, maintain, or man-
age software (for instance, software engineers, software testers, product owners, software
consultants, and data scientists).

Returning to the requirements discussion, we first present some definitions for require-
ments. Ryan et al. [7] informs that the term requirement could be defined as something
that is a desire or necessity to a customer [8], [7], [9], [10].

There are others definitions for the term, such as, a requirement is a defined behavior,
characteristic or property, to be assumed for an object, a person or an activity which has
to assure a certain result in a value creation process [11], [9] or a requirement typically
refers to some aspect of a new or enhanced product or service [12], [13], [14] and, yet, a
requirement is a collection of needs arising from the user and various other stakeholders
[12], [15]. However, one of the most widely used and accepted definition comes from
IEEE 610.12- 1990 standard [16] which defines a requirement as: (1) A condition or
capability needed by a user to solve a problem or achieve an objective; (2) A condition
or capability that must be met or possessed by a system or system component to satisfy
a contract, standard, specification, or other formally imposed documents. A documented
representation of a condition or capability as in (1) or (2). Still, as greatly summarized by
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Ilin et al. [16], requirements consist of needs of different stakeholders: users, organization,
industry (dictating standards) and others, which need to be addressed and properly met.

Specifically in the software development area the Software requirements express the
needs and constraints placed on a software product that contribute to the solution of
some real-world problem [17]. Elicitation, on its side, is all about determining the needs
of stakeholders and learning, uncovering, extracting and /or discovering needs of the users
and other potential stakeholders [18], [19].

In the software area, requirement elicitation is recognized as one of the most critical
knowledge intensive activities of the development of software [20], [21] because at the
end is the activity of translation the desires and needs of the stakeholder in a format
that can be comprehended by the development team. Since a software requirement is
a property that must be exhibited by something in order to solve some problem in the
real world [17], [22], a correct definition or elicitation of the necessary requirements is
the fundamental stone for any successful project which leads us to another important
definition, the requirements elicitation techniques.

As well expressed, the Software Requirements knowledge area (KA) is concerned with
the elicitation, analysis, specification, and validation of software requirements as well
as the management of requirements during the whole life cycle of the software product
[17] and all starts with the requirements elicitation techniques which are the means by
which systems analysts determine the problems, opportunities, and needs of the customers
[23], [24], [25]. The requirements elicitation activity, either in local development or in
global software development projects, relies in communication and cooperation between
stakeholders which makes collaboration crucial for the success of this activity [26], [27],
[28], [29], [30].

Many requirements elicitation methodologies and techniques exist, all with the com-
mon aim to assist analysts in understanding needs [8], [31], [32], [33],[34],[35]. It is true
that different requirements elicitation techniques [36], [37], [38], [39] have been developed
by researchers to aid analysts in effectively determining user needs, however the require-
ments engineering process, specially during elicitation phase needs to be handled carefully
by applying appropriate techniques effectively [40]. The task of collecting requirements
with quality is hard, so analysts need to have thorough knowledge about almost all the
techniques and only then they can select the appropriate technique. One technique might
be suitable in developing one project notwithstanding may not be suitable for the other
[32].

So, as important as knowing the techniques, software practitioners1 must be able to
1We use the term software practitioners or practitioners to refer to individuals working in the software

industry in a large variety of roles and positions. This includes employees who analyze, design, develop,
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properly select the practice, tool or method that best fits with the context, environment,
stakeholders and development team in which the software project will be developed since
applying inappropriate techniques goes will probably result in negative impacts on the
system development [32]. Hickey and Davis [41] argue that one methodology or technique
cannot possibly be sufficient or appropriate for all conditions and that a methodology
should be chosen based on the specific situation [42], [39], [43], [44]. Similarly, using a
variety of techniques helps to ensure uncovering most of the requirements and therefore
resulting in more effective requirements elicitation [32]. In summary, during elicitation,
weakness of one technique can be neutralized by some other techniques [39], [32] to assist
in overcoming challenges.

There are different factors that needs to be evaluated when selecting the appropriate
elicitation technique, such as, project area and scope, company process and business direc-
tions, time and resources, individual preferences and level of knowledge of the techniques.
In this work we engaged into the last factor (knowledge), which led us to perform this
study presenting several techniques, each with their own strengths (or pros) and weakness
(or cons).

Due to the importance of the requirements elicitation phase to successfully meet the
customer or user demands, practitioners need to identify the environment, stakeholders
and scenarios and then be able to properly select the best techniques to carry on the
project or service. To assist the practitioners, we decided to investigate the use of elici-
tation techniques, aiming to point out their strengths and weaknesses (pros and cons) as
well as the major challenges of the elicitation phase.

1.1 Research Problem

Requirements elicitation is one of the first activities that tries to define the project scope
and elicit user requirements [26], [45], [46]. Requirements will come from many different
stakeholders, involve multiple disciplines (e.g., sensors, scientific computation, artificial
intelligence), and be presented at varying levels of abstraction [47], [48], [49]. In general,
there are different sources for inconsistencies between requirements and these may cause
problems in the success of the software development [50], [51].

The group of users and also any interested person or company are called stakeholders
and, as famously coined by Freeman stakeholders are defined as “any group or individual
that can affect or is affected by the achievement of a corporation’s purpose” [52], [53]
and, most important, during a project it is usual to have stakeholders with opposite

implement, operate, maintain, or manage software (for instance, software engineers, software testers,
product owners, software consultants, and data scientists).
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views for the system or product leading the development teams to have a hard time in
defining what is really important and what is not. Systems have different stakeholders
with diverse interests that usually interact with each other and causes conflicts since the
goals of different stakeholders are often incompatible [50], [54].

The success of the requirements elicitation activity gives high impact on the achieve-
ment of the goals set for RE, which leads to the development of correct application [26],
[55], since one of the foundation basis of any project are the requirements elicitation
activities. As stated by Pacheco et al, the requirements elicitation techniques are the
means by which systems analysts determine the problems, opportunities, and needs of
the customers [39], so each method can contribute to elicit data from different sources,
while producing different artifacts documenting the proposed solution [56]. It is a fact
that there are already several techniques in requirements engineering that help software
engineers to elicit requirements with different stakeholders at the same time that some of
these techniques may not always be effective in requirements elicitation [46].

There is a list of factors that influence the effectiveness and applicability of techniques
such as, historical information and lessons learned repositories, organization’s culture,
skills of the business analysis practitioner, stakeholders who are involved and their group
dynamics, etc. [57]. In other words, it depends on specific environments, personnel
involved and context.

To know and properly select those techniques is, therefore, important for any prac-
titioner or team to succeed to have a better quality on requirements and succeed with
the project, product or service. Some of the difficulties related to requirement extraction
could be: (i) it may not be related to elicitation techniques [58], (ii) because of not the
best selection of elicitation techniques - it is difficult for requirement engineers to choose
the right techniques in the right situation [59], [60], [58], [61], [44], (iii) due to project
complexity, or insufficient time, or lack of knowledge of new techniques [23], [62], [63].

Specially on item (ii), the selection of elicitation techniques, although there are stud-
ies providing recommendation on the requirements elicitation techniques best selection
[64], [39], [65], [66] and it is not the intention of this study to produce another set of
recommendations based of empirical discussions. On the other hand, it is important for
software development practitioners, and especially, the requirements engineers to have
better knowledge on elicitation techniques to select the proper technique for requirements
elicitation as it is crucial to improve the selection of the techniques [67], [39], [44].

Therefore, this work aims to provide assistance on selecting and using some of the best
known techniques identifying them with a brief description and completing with pros
(strengths) and cons (weakness) of the techniques confronting it against the identified
challenges in Requirements Elicitation. Based on the goal already stated, the work is
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divided in three phases. First, a systematic literature review was conducted to identify
studies that investigated the pros and cons of an elicitation technique, as well as, the
challenges already discussed in the literature for Requirements Elicitation. Second, a
survey as held with the software development teams to confirm the gaps and challenges of
the most significant and known requirements elicitation techniques. Later, the identified
challenges, pros and cons were organized together with the basic information and examples
resulting in a guide to be used by practitioners and all stakeholders that take part in the
requirements elicitation phase. Finally, as part of the guide, some techniques combinations
were suggested in an attempt to use RE Techniques strengths to overcome the identified
challenges. There, to steer our goal, research questions were defined, as presented in
section 3.1.2.

1.2 Justification

Software that fails to deliver its promised functionality can have devastating consequences
[42] therefore the elicitation of requirements represents an initial and critical stage in the
development of computer based system [68]. In fact, requirements elicitation is considered
the first, foremost and crucial stage of a requirements engineering process [33] and crucial
to gather the information and data needed to specify the relevant requirements [69].

The Standish Group as well the Forbes expert panel mentioned that “although there
are many possible reasons for these failures, problems related to understanding users’
needs are consistently identified as among the most important” [70], [23], [71], [72]. Later
on, studies went deep in understanding the issues. As interesting depicted by Davey [73]
the problems were classified into nine categories:

1. There are human aspects of RE that preclude simple communication between con-
sultant and client [74];

2. The language of humans is not always suitable for technological solution [74];

3. Requirements change as the project proceeds [75];

4. Clients will sometimes ask for requirements that the organization does not need or,
in other words, are irrelevant [75];

5. The client cannot say what the business needs [74];

6. Some clients do not want to help you with the project (reluctant to participate)
[75];

7. RE failed because it was not done properly [55];
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8. RE is not deterministic [55].

Although this classification is not recent, it gives us a view about the areas when the
core of the issues reside. As seen by the items one (1), two (2), four (4), five (5) and
six (6) are, in its essence, communication problems. In addition, problem three (3) is
related to volatility. Furthermore, problem number seven (7) is a large category that can
be related to any task inside the requirements engineering phase.

The main objective of the elicitation technique(s), used to elicit requirements, is to
discover many possible issues in the process requirement elicitation, which, in turn, fa-
cilitates obtaining appropriate software product for stakeholders, which can fulfill their
requirements [76]. As mentioned by many studies, communication is the main activity for
elicit the requirements from the user [77], [78], [79], [80], [81], [82], [83], [84], [85] as, for
instance, the requirements elicitation process is a synthetic process consisting of intensive
social communication that involves critical activities required for accurately capturing the
requirements/needs of diverse stakeholders [67], [86].

There is a need, in any software development project, for engineers and specialists to
be able to convert the user needs into a series of requirements [62], [87] in a way that
developers can create a solution for it.

Despite advances in software development and requirements engineering over the past
twenty five years, the requirements are almost never stable and fixed [88], [89], [90] and
software projects still experience numerous changes during their life cycle [91], [92]. That
view continues to drive software requirements as changes are an intrinsic characteristic
of the software engineering discipline compared to other engineering disciplines [93]. In
other words, the changes of the requirements are a certainty [28].

This is called requirements volatility and has many similar definitions such as the
extent to which the initial requirements change over the trajectory of a project [42]; the
tendency of requirements to change over time reacting to the evolving needs of customers,
stakeholders, firms, and the work environment [94]; the emergence of new requirements or
modification or removal of existing requirements [95], [96], [94], [97]. All of them relate to
the fact that change is inevitable and teams must be prepared. It is necessary to overcome
gaps by constructing a strong technical knowledge in the teams which is clearly one type
of knowledge required to successfully develop a software-based system [42], [40], [98]. At
the end, this author understands that before even think about the development process
itself it is necessary to have the technical knowledge and how to apply them for each step
throughout a software development project. Moreover, requirements volatility (problem
3) might also arise from the project team’s failure to elicit the right requirements from the
system’s users [42] and there is growing consensus in the software development community
that it is not the technique per se that matters, but the fit between the technique and the
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specific project context in which it is used [42], [32]. In addition, the technique is strongly
related to the context in which it is carried out, the specific characteristics of the project,
the organization, the environment, the experience, and knowledge of the analyst, as well
as the characteristics of the elicitation technique employed [39].

There are a lot of elicitation techniques for requirement elicitation, but among them,
some techniques are appropriate to use in some specific condition, while others are not
that much suitable to use [99], [32] and since errors in this elicitation phase could be
transferred in the subsequent phases of the software development and compromise the
overall process [69]. Studies [100], [39], [38], [67], [32], [37], [101], [34] had been made over
the years on the requirements elicitation phase and the techniques to be used on it.

Still, most models of requirements elicitation focus on specific methodologies or tech-
niques that follow paradigms of goal-oriented, scenario-based, or viewpoint-oriented [19],
and the applicability of these approaches is dependent on the requirement types gathered,
the environment of the project, and features of the target technique [102] leading to a
inevitable conclusion that development teams must be familiar with a great number of
techniques with their strengths and weaknesses in order to be able to properly select be
best fit for a project or environment.

In general, as mentioned by some studies [100], [103], [39], practitioners tend to choose
based on the following grounds: it is the only technique they are acquainted with; it is the
favorite technique for all situations; there is a methodology that prescribes a particular
technique; they guess the technique is effective under the existing circumstances.

This decision can bias the elicitation results, degrade the quality of the output re-
quirements, and, ultimately, have an impact on the quality of the final software product
[18], [103], [39]. So, there is a scenario where requirements and their relationships are not
correctly identified because the contextual conditions that hinders the requirements elic-
itation phase are not taken into account by engineers, the so-called implicit requirements
[100], [104], sometimes because they are not using the most favorable techniques for the
environment [39], [46].

This is the view that drives this study, which aims to provide a mapping tabulating
strengths and weaknesses of techniques that can be used by the practitioners helping
them to better select the technique according to the environment and characteristics of
the project. Thus, the objective of this dissertation is to try to tie the loose ends and
voids on the techniques, bringing as a benefit, the presentation of what are the strengths
and best uses for them.
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1.3 Research Goals

1.3.1 Main Goal

The goal of this study is to map the techniques for the community of practitioners to
improve the knowledge on these techniques containing basic information (name and de-
scription) plus pros and cons, challenges of use and suggestions on possible combination
of use with complementary techniques. By creating a guide we are focusing in presenting
a clear view of the most relevant techniques, not only simply describing but helping the
community to be able to use them. As a secondary objective, we hope to provide sugges-
tions on combinations of use of techniques that can assist software practitioners in having
better results from the software requirements elicitation process.

1.3.2 Secondary Goals

To achieve the general objective of this work, the following specific objectives were defined:

• To conduct a systematic literature review to identify studies that investigated tech-
niques for requirements elicitation in a theoretical or practical approaches through
principles, challenges, strengths and weakness;

• To carry out a focused survey on the regional community to find out possible chal-
lenges, pros and cons not identified by the systematic literature review;

• To organize the techniques found and select to present in the proposed map;

• To increment this map with some possible combination of the highly used and
promising techniques.

1.4 Expected Results

• Identifying a list of techniques (tools, methods and practices) for eliciting require-
ments that are presented in the researched papers;

• Development a study containing valuable information about those techniques, in-
cluding pros and cons, description, challenges and examples of use;

• Map and tabulate all collected information.
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1.5 Research Methodology and Survey

As mentioned by Snyder [105], building the research on and relating it to existing knowl-
edge is the building block of all academic research activities and continues stating that
relevant literature is essential for all research disciplines and all research projects [105].

The need for a systematic literature review (SLR) arises from the necessity of re-
searchers to summarize the existing information about some phenomenon in a thorough
and unbiased manner [106]. Templier and Paré [107] suggested that there are four types
of literature reviews: narrative, developmental, cumulative, and aggregative.

Narrative reviews assemble and summarize existing literature on a specific topic, pro-
viding a comprehensive understanding of the current state of knowledge in the area which
is the type of literature review used on this work. On its side, the aim of developmental
reviews is to provide new conceptualizations, based on previous research.

The developmental review involves a systematic search of the literature to be re-
viewed, while the narrative review addresses an illustrative sample. Cumulative reviews
synthesize existing literature (as narrative reviews) but further aim to compile empirical
evidence to map bodies of literature and to draw overall conclusions regarding particular
topics. Aggregative reviews test research hypotheses or propositions. By collating and
pooling prior empirical data, they provide validations of pre-specified theoretical models
and propositions [108].

The different guidelines and approaches for systematic literature reviews, were also
discussed in Snyder’s study [105]. Since this work has been done by a single researcher,
the steps undertaken were the ones from Kitchenham’s work [106]: Developing a protocol;
Defining the research question; Specifying what will be done to address the problem of
a single researcher applying inclusion/exclusion criteria and undertaking all the data
extraction; Defining the search strategy; Defining the data to be extracted from each
primary study including quality data; Maintaining lists of included and excluded studies;
Using the data synthesis guidelines; and Using the reporting guidelines.

The SLR was composed of automatic and manual searches, performed in digital li-
braries. The SLR was performed to identify the methodologies and techniques used.
Hopefully, we were able to decrease the bias related to the analysis of the papers and
studies found either from the automatic research or from the manual investigation. From
our point of view, the approach of a systematic literature review study is very appropriate
for the purpose and help reaching the objectives established for this work.

In addition, we conducted a opinion-based survey with practitioners to verify whether
the perception of the Agile Software Development (ASD) community was similar to the
data uncovered from the Systematic Literature Review. There was no restriction in terms
of respondents, with people engaged with ASD being able to respond to the survey.
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Despite the intention of having a broader set of responses, either due to the circle of
relationships or the difficulty of spreading the survey, most of the responses received were
regional, that is, from Brazil, more specifically, from the regions of the Federal District
and São Paulo. Even considering this limitation, the responses were useful to demonstrate
that the community’s view is very close to the data found in the SLR.

We also conducted two Focus Groups sections with nineteen (19) specialists and dis-
cussed about this study, techniques, challenges, and combinations of techniques.

1.6 Publications

1. Edna Dias Canedo, Angelica Toffano Seidel Calazans, Geovana Ramos Sousa Silva,
Pedro Henrique Teixeira Costa, Rodrigo Pereira De Mesquita, Eloisa Toffano Seidel
Masson. Creativity and Design Thinking as Facilitators in Requirements Elicita-
tion. International Journal of Software Engineering and Knowledge Engineering,
pages:1–32, 2022. https://doi.org/10.1142/S0218194022500607.

2. Rodrigo Pereira de Mesquita, Geovana Ramos Sousa Silva, Edna Dias Canedo.
On the Pros and Cons of Elicitation Techniques in Agile Software Development.
Information and Software Technology. 2023. (under review)

1.7 Dissertation Outline

This work is organized into five Chapters, in addition to this one, consisting of:

• Chapter 2: the theoretical background presents some definitions of requirements
as well as the most relevant development life cycle models to demonstrate the path
from the first frameworks to the agile model, probably the most used in the recent
years. Also taking into consideration the focus of this study in Agile Software
Development (ASD), it shows the principles and practices extracted from the Agile
Manifesto as a base for agile practices.

• Chapter 3: presents the Systematic Literature Review (SLR) and all the steps of
the investigation under this study to answer the proposed Research Questions (RQ)
as well as the survey held with the practitioners community and its results.

• Chapter 4: presents the description, strengths and weaknesses of each analyzed
technique, as well as, the validation sessions containing analysis of the techniques
and handful combinations.

• Chapter 5: presents main conclusions of this work and the future work.
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Chapter 2

Software Development Life Cycle
and Requirements Background

This Chapter presents the theoretical backgound for this study, starting with some defi-
nitions about requirements, software requirements, types of requirements, as well as brief
descriptions on life cycle models and, in special, agile model and its principles, views and
practices. There are all kinds of sizes for a software development project and software
product. That being said, as we will elaborate further, although there are many phases
to go through and many process models to follow in order to achieve, the requirement
elicitation is the most crucial stage of requirement engineering, and many practices have
been used for precise requirement elicitation [109].

2.1 Requirements

So, starting from the basics, all projects begin with a statement of requirements [110]
whether it be an innovator’s simple statement of concept, a formal Statement of Work
(SoW) [111], system requirement specification [51], or a marketing analysis [112] and we
can add, in the current world, a user story. A statement of work (SOW) is a document that
defines the work activities, deliverable, and planned efforts that someone must perform
in order to perform specific work for a client [111].

Since the 90’s there is some evolution on the way the term requirements is described.
The Institute of Electrical and Electronics Engineers (IEEE) Standard [113] defined the
requirement as:

• (1) A condition or capability needed by a user to solve a problem or achieve an
objective.
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• (2) A condition or capability that must be met or possessed by a system or system
component to satisfy a contract, standard, specification, or other formally imposed
documents.

• (3) A documented representation of a condition or capability as in (1) or (2).

Later, in 2017, a similar definition was expressed by International Organization for
Standardization (ISO) / The International Electrotechnical Commission (IEC)[114]:

• (1) statement that translates or expresses a need and its associated constraints and
conditions.

• (2) condition or capability that must be met or possessed by a system, system
component, product, or service to satisfy an agreement, standard, specification, or
other formally imposed documents.

• (3) provision that contains criteria to be fulfilled.

• (4) a condition or capability that must be present in a product, service, or result to
satisfy a contract or other formally imposed specification.

More recently, ISO/IEC/IEEE [115] defined the requirement as a statement which
translates or expresses a need and its associated constraints and conditions, with the
following notes to this definition:

• Note 1: Requirements exist at different levels in the system structure.

• Note 2: A requirement is an expression of one or more particular needs in a very
specific, precise and unambiguous manner.

• Note 3: A requirement always relates to a system, software or service, or other item
of interest.

Also, conditions are described as measurable qualitative or quantitative attribute that
is stipulated for a requirement and that indicates a circumstance or event under which
a requirement applies whereas constraints are depicted as externally imposed limitation
on the system, its design, or implementation or on the process used to develop or mod-
ify a system [115]. So, although the term requirement can be used widely throughout
the different sciences and knowledge areas, in Computer Science these definitions can be
summarized as a condition, necessity or capability that is desired for a system or appli-
cation. So, software requirements are competencies that must be achieved or contained
by a finally delivered product or its modules to fulfill an agreement, condition, or other
officially required documents [109].
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Although there are studies [51], [116] that embrace more detailed categories or spe-
cific divisions, such as, technical requirements, user requirements, security requirements,
privacy requirements, ethical requirements, quality requirements, operational require-
ments, the major and accepted categorization division is between a functional and a
non-functional requirement, traditionally used by many authors [109], [117], [2], [118].
From the definitions found in the literature, we highlight Pohl et al. [119] that states:

• Functional Requirement is a requirement concerning a result of behavior that
shall be provided by a function of the system [119]. The Functional Requirement
is, yet, defined in the International Standard - Systems and software engineering–
Vocabulary by IEEE [120] as: 1. statement that identifies what results a product
or process shall produce; 2. requirement that specifies a function that a system or
system component shall perform.

Another definition states that functional requirements are used to describe what
the system must do, also what behaviors the system must have or what the system
should accomplish [51] and elaborates that functional requirements specify specific
results the system should attain [51].

• Non-Functional Requirement defines desired qualities of the system to be devel-
oped and often influence the system architecture more than functional requirements
do [119]. Again, we resort to the International Standard - Systems and software
engineering–Vocabulary by IEEE [120] which, in general defines the Non-Functional
requirement as a performance requirement and gives a more detailed sentence: “soft-
ware requirement that describes not what the software will do but how the software
will do it’.

Chung et al. [2] and, more recently, Habibullah and Horkoff [121] described these
attributes in a form of a mapping tree. Moreover, non-functional requirement can
be viewed as a set of restrictions imposed on the system to be developed, establish-
ing, for instance, how attractive, useful, fast, or reliable it is [122], [123]. It also
can be depicted in terms of something that describes how well, and under what
conditions, the system must operate within in performing the functions elucidated
in the functional requirements or describe the performance and quality attributes
the system must meed [51]. Also, there is a representation by ISO/IEC 25010:2011
showing quality characteristics that is very similar to Boehm’s model.

Usually, despite no firm pattern being established for the non-functional charac-
teristics, some of the most cited of these attributes are: Accuracy, Adaptability,
Extensibility, Integrity, Testability, Usability [124], [121].
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Figure 2.1: Non-functional requirements Boehm’s model [1], [2]

Figure 2.2: Non-functional requirements by ISO/IEC [3]
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So, as stated by Purnamasari [125], “functional requirement means what the system
should do and non-functional requirement means what obstacles exist on the system or
its development” [125]. It is description of the desires and needs for a system, software
or application. Moreover, requirements changes regularly due to unbalanced business
conditions. New ideas and new technology come to fruition, new systems come into
play, and users may change their mind [126], and that’s why it is necessary some process
regarding the engineering.

2.2 Life Cycle Models

There are different models and frameworks that aims to organize the steps in order to
better understand the customer and all stakeholders. Regardless the specific frameworks
or adaptations, there are a some life cycle models well discussed in literature [127], [128],
[4], [129], such as: Waterfall [4], Incremental Model [5], V-Model [4], Spiral Model [130],
Rapid Application Development (RAD) [5], Unified Process Model [41] and, more recently
Agile Methodology (or Model) [131], [132], [133], [134]. In all cases, we highlight the main
information about the base life cycle models just to draw a line from the beginning to
Agile.

2.2.1 Traditional Models

These models are referenced as “traditional” due to in this approach all process for de-
veloping a system are executed in a sequential order, in which progress is seen as flowing
steadily downwards through the phases from the conception through operation and main-
tenance [117], [135]. Each of the traditional models has its own prescription however all
based on the waterfall idea.

• Waterfall model is a sequential model when each phase of development proceeds
in order without any overlapping [128]. The model begins with establishing system
requirements and software requirements and continues with architectural design,
detailed design, coding, testing, and maintenance. [4] Requirements should be clear
before going to next phase of design [128]. model emphasizes planning in early
stages, it ensures design flaws before they develop [4].

• V-model is a sequential path of execution of processes when each phase must be
completed before the next [4]. The left leg of the V model represents the evolution
of user requirements into smaller components through the process of decomposition
and definition and the right side represents the integration and verification of the
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Figure 2.3: Waterfall model [4]

system components into successive levels of implementation and assembly [127].
Testing is emphasized in this model more than the waterfall mode [4].

Figure 2.4: V model [4]

• Spiral model represents a paradigm shift to the risk-driven approach [127]. The
spiral model has four phases: Planning, Risk Analysis, Engineering and Evalua-
tion [4]. At completion of each cycle a review process takes place to ensure that
stakeholders are committed to the approach to be taken during the next cycle [127].
Specific objectives for each phase are identified [4].

• Incremental model combines elements of the waterfall model in an iterative fash-
ion [129] and is known as the iterative waterfall model, can be viewed as a three
dimensional representation of the waterfall model [127]. Basic requirements are
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Figure 2.5: Spiral model [5]

addressed in the first increment and each linear sequence produces deliverable in-
crements of the software [129].

Figure 2.6: Incremental model [5]

2.2.2 Agile Methodology

Agile development approaches and the traditional methodologies are considered the op-
posite of each other [109]. The term “Agile” means the ability to create and respond to
any change [136] being a model construct to provide flexibility in the form of welcoming
requirement changes even late in the development cycle [136]. In comparison with tradi-
tional models, agile software engineering methods are useful and trendy but are missing
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a proper structure, whereas conventional methods are structured but heavy to implement
for easy requirement change management [109].

The use of Agile Software Development (ASD) model and its methods is increasing
and occupying more and more space within the industry. There are some reports that
state that [137], [138], [139]. According to the 15th State of agile report [140], Agile
adoption within software development teams increased from 37% to 86% in 2021 and 94%
report their company is practicing Agile. The agile manifesto is the document that drives
all basic agile methodologies [132], [131] and it describes purposes and practices to be
followed. Regarding the purposes, it informs that the ones on the left should be preferred
in comparison with the ones on the right.

• Individuals and interactions over processes and tools.

• Working software over comprehensive documentation.

• Customer collaboration over contract negotiation.

• Responding to change over following a plan.

Also, the Manifesto presented some principles [132], [131]:

• Our highest priority is to satisfy the customer through early and continuous delivery
of valuable software.

• Welcome changing requirements, even late in development. Agile processes harness
change for the customer’s competitive advantage.

• Deliver working software frequently, from a couple of weeks to a couple of months,
with a preference to the shorter timescale.

• Business people and developers work together daily throughout the project.

• Build projects around motivated individuals. Give them the environment and sup-
port they need, and trust them to get the job done.

• The most efficient and effective method of conveying information to and within a
development team is face-to-face conversation.

• Working software is the primary measure of progress.

• Agile processes promote sustainable development. The sponsors, developers and
users should be able to maintain a constant pace indefinitely.

• Continuous attention to technical excellence and good design enhances agility.
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• Simplicity—the art of maximizing the amount of work not done—is essential.

• The best architectures, requirements and designs emerge from self-organizing teams.

• At regular intervals, the team reflects on how to become more effective, then tunes
and adjusts its behavior accordingly.

Besides the manifesto, there is no single and exact definition of agile, but rather there
are various methods that share the same philosophy which call themselves agile. Most
methods have iterations with continuous refinement of plans and goals. However, each
method has its own practices and terminology, putting emphasis on different issues in
software development, and hence can be adopted to suite for different situations.

One goal of agile methodologies is to improve efficiency by reducing the cognitive
burden of capturing and updating complex system Software Development (ASD), specifi-
cations [141]. As well mentioned, Agile development triggers a reshaping of requirements
engineering by relaxing the ordering of requirements engineering activities and allowing
requirements engineering activities to run in parallel with software implementation [142].
One major critics mentions the agile approaches tend to focus solely on scoping and
simplicity rather than on problem solving and discovery [134].

For one side, Agile methods strive to respond to requirements changes by integrating
requirements, design, implementation, and testing processes as simplified processes that
focus on changes acceptance and adaptation [143], meaning it is easier to embrace the
inevitable changes that come from software design. On the other hand, agile practices are
often undervalued, in part due a lack of theoretical foundations [144].

Since Agile Software Development typically does not use formal requirements modeling
and do not prioritizes documentation, it usually works with small iterations with frequent
deliverable, the development process is dynamic [145], and, by exclusion, makes difficult to
analyze large collections of requirements and identify conflicts and track for completeness,
consistency as well as provides little basis for evaluating the potential impact of changes
to requirements [141].

Agile methods universally rely on an incremental approach to software development,
and delivery. In incremental development, specification, development and validation ac-
tivities are interleaved rather than separate, with rapid feedback across activities. Each
increment of the system incorporates some of the functionality that is needed by the
customer [146].

2.2.3 Requirements Engineering

Requirements engineering is considered a key area of the software development process,
which can significantly influence the result of the project [33], [69], [20]. At the same time,
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many software development teams fail because the team members do not understanding
what are the necessary requirements for the product outcome [147]. Sometimes named
as requirements gathering, others as requirements elicitation or requirement engineering
process is a decision-centric activity that produces specifications including both functional
(FR) and non-functional (NFR) requirements [148], [149], [150].

As mentioned by Jarzebowicz [150] the Requirements engineering process is a holis-
tic process that focuses on capturing all requirements and their interrelatedness, thus it
is hardly possible to design a separate and isolated process for a specific requirements
category, such as, non-functional requirements or security requirements instead the re-
quirements engineering process provides the appropriate mechanism to understand what
the customer wants, analyzing the needs and its relations, verifying and negotiating the
feasibility and solutions [151], all of this notwithstanding not for any specific category but
in a generic way. Requirement elicitation is all about knowing the needs and desires of
stakeholders [20].

Requirement elicitation is the method to collect the actual requirements of the project
[136] or concerned with defining what the system is required to do and the constraints
under which it needs to operate [152]. In agile software development RE activities are
not explicit, in part because they appear to have less distinct boundaries in this context
than in more traditional software development processes [153].

The elicitation process can be done by collecting the opinions, choices or constraints
from client, end users, development teams as well as other stakeholders of the project
[136]. In traditional software development, requirements are prioritized at the initial level
[136], in opposite of the requirements engineering in agile development which is more
informal and based on the skills and knowledge of individuals [133].

While agile methods strive to respond to requirements changes by integrating require-
ments, design, implementation, and testing processes as simplified processes that focus
on changes acceptance and adaptation [143], [154], [135], they disregard the importance
of Requirement Engineering for the success of the development of the software as this
activity is seen as bureaucratic in agile methods [155].

Furthermore, requirement elicitation is the most crucial stage of requirement engineer-
ing, and many practices have been used for precise requirement elicitation [109]. It is also
perceived as the most important phase in agile software development [126]. Moreover,
to ensure that the requirements elicitation process is the best it can be, requirements
elicitation techniques come into play.

The requirements elicitation techniques are used to determine the software require-
ments (SRs) according to the need of the stakeholders [156]. They are basically the
ways and procedures to obtain user requirements and later translate into functions in the
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system to be developed so that it satisfies the needs of all stakeholders involved [146].
Depending on the context, the environment or the complexity of the project, it might

make more difficult to achieve a consensus or common understanding of one or more
requirement and that is why the Requirement Elicitation techniques are so important
and are object of this study. As an example stakeholders geographically distributed with
different timezone might makes complex create meeting schedules with all the team.

2.3 Related Work

We have searched for surveys and systematic literature reviews (SLR) and/or mapping
studies dealing with Agile and its elicitation techniques as well as challenges. Several au-
thors deal with agile practices in different contexts, some more focused in the requirements
engineering process as a whole, others in the agile software development challenges related
to the process. In a related but different context, some studies focus in the requirements
elicitation techniques only.

One of the first studies we came across from Sutcliffe and Sawyer [101] focus solely on
demonstrate the unknowns of the elicitation process. Sharma and Pandey [37] highlights
some requirements elicitation techniques along with some description of the techniques
and some of their key features. The study does not focus on challenges, strengths or
weaknesses.

An work from Shadab Khan et al. [36] had a interesting study on a specific classifica-
tion of elicitation techniques, dividing into direct and indirect approaches. The study did
not go deep on how direct and indirect approaches could be used to assist the practitioners
but worth mention. Tabbassum Iqbal [38], on his hand, presented a study to complete
Shadab Khan et al. [36] by trying to classify some of the most known techniques in the
direct or indirect approach.

Inayat et al. [157] presented the results of a SLR study dedicated to requirements
engineering challenges. Although they present a interesting view of Agile challenges,
they searched and discussed their focus on agile practices as a tentative to address such
challenges and not focused on any requirements elicitation techniques as part of a possible
solution.

In 2015, Yousuf and Asger [32] delivered a interesting study giving an overview of a
few elicitation techniques, their characteristics, advantages and disadvantages. Some of
these techniques, such as, interviews, questionnaires, ethnography, scenarios, laddering
and prototypes are included in this study and the findings from Yousuf and Asger were
put to a good use. The study however do not mention challenges from requirements
elicitation phase that could be overcame with some techniques combination.
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Schon et al. [158] presented a work focused on Agile challenges however not focusing on
elaborate on how the techniques could assist in solving the identified challenges. Zamudio
et al. [159] reported a SLR study on requirements engineering techniques in Agile Software
Development with the focus on identifying which techniques were to be used in the major
Agile methods, such as Scrum, XP, Crystal Reports and Kanban. The study do not
discuss challenges, combinations, strengths or weaknesses of the techniques aiming on
listing the most used techniques for each of the major approaches.

On her side, Pacheco et al. [39] performed a systematic literature review to identify
other studies about elicitation techniques and focused their work in discover, first, which
techniques were used for eliciting software requirements and which of them were considered
mature techniques and could improve the elicitation effectiveness. They relied on third-
party studies that previously stated a technique as effective. Therefore, Pacheco et al.
[39] focused in listing characteristics that could justify some techniques to be effective.
Although the work do not discuss weaknesses or challenges, this work was useful as we
identified that some of these techniques could be viewed as strengths of the described
techniques.

Alsaqaf et al. [160] put together a list of challenges and focused their work in confirm-
ing those with practical studies by interviewed a group of selected software developers,
testers, analysts, architects, managers and scrum masters trying to address the source
and mechanisms behind the challenges.

Palomares et al. [161] focused their study in interviewing professionals and came up
with a list of the techniques they used and the challenges they encountered. Since the
challenges were analyzed from the viewpoint of the interviewed specialists, the challenges
were demonstrated based on their relationships with the projects therefore presented as
“related to process”, “related to stakeholders”, “related to evolution of the system” and
“related to stability of the requirements”, among others.

Moreover, Li et al. [102] brought a framework and process based on quantitative meth-
ods aiming to evaluate the attributes with high influential on techniques selection. From
their side, Jarzebowicz and Weichbroth [150] focused the work in non-functional require-
ments and provided a discussion on the techniques, challenges and difficulties applied to
this specific type of requirements [102].

Anwar et al. [162] presented their study focused on transform intrinsic or tacit knowl-
edge into explicit requirements. They ran a SLR plus experts judgment to bring up a list
of prioritized challenges along with a list of requirements elicitation techniques and their
frequency of citation.

The Table 2.1 summarizes the list of related work with the last column providing a
brief description about the paper’s goals and what is not discussed in the paper in relation
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of this work’s research questions and objectives.

Year Ref Title Paper goal and gaps related to this work
2013 [101] Requirements elici-

tation: Towards the
unknown unknowns

Work demonstrates the unknowns of the elici-
tation process and describes a framework using
basic elicitation techniques to discover the un-
knowns within the process. Paper did not focus
on pros and cons or combination of techniques.

2013 [37] Revisiting require-
ments elicitation
techniques

Highlights some requirements elicitation tech-
niques along with some description of the tech-
niques and some of their key features. The study
do not focus on challenges of the elicitation pro-
cess, and does not present pros, cons or combi-
nations of techniques.

2014 [36] Systematic review
of requirement elici-
tation techniques

It presents a classification of techniques between
direct and indirect approaches. The study did
not go deep on the techniques itself, specially in
relation to pros and cons.

2014 [38] Requirement elici-
tation technique:-a
review paper

This paper is a tentative of completing the work
from [36] and focus solely classify and separate
techniques with direct or indirect approach, us-
ing Interview and prototyping as examples. It
does not mention anything on techniques char-
acteristics, strengths or weakness.

2015 [157] A systematic litera-
ture review on ag-
ile requirements en-
gineering practices
and challenges

SLR dedicated to requirements engineering chal-
lenges with focus on agile practices as a tenta-
tive to address such challenges and not focused
on any requirements elicitation techniques.

2015 [32] Comparison of
various require-
ments elicitation
techniques

It presents elicitation techniques, their character-
istics, advantages and disadvantages. It covers
less techniques than this work and, most impor-
tant, it does to work with technique combination
to try to cover the weakness from one technique
by using another.
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Year Ref Title Paper goal and gaps related to this work
2017 [158] Key challenges in

agile requirements
engineering

Work focused on Agile challenges raised by a
panel of experts however did not focused in elab-
orating how the techniques could assist in solving
the identified challenges.

2017 [159] A requirements
engineering tech-
niques review in
agile software de-
velopment methods

SLR on requirements engineering techniques
aiming on identifying which techniques were to
be used in the major Agile methods, such as
Scrum, XP, Crystal Reports and Kanban. The
study do not discuss challenges, combinations,
strengths or weaknesses of the techniques.

2018 [39] Requirements elic-
itation techniques:
a systematic liter-
ature review based
on the maturity of
the techniques

Performed a SLR to identify other studies about
elicitation techniques. The study focus on listing
characteristics that could justify some techniques
to be effective. The work does not discuss weak-
nesses or challenges, as well as, does not provide
any view about combining techniques to help im-
proving the elicitation process.

2019 [160] Quality require-
ments challenges in
the context of large-
scale distributed
agile: An empirical
study

Study lists the challenges and focus the work
in confirming it with practical studies by inter-
viewed a group of selected software technology
workers trying to address the source and mecha-
nisms behind the challenges.

2020 [102] Attributes-Based
Decision Making
for Selection of
Requirement Elic-
itation Techniques
Using the Analytic
Network Process

Brings a framework and process based on quanti-
tative methods aiming to evaluate the attributes
with high influential on techniques selection. It
does not mention neither techniques nor chal-
lenges.

2021 [161] The state-of-
practice in require-
ments elicitation:
an extended inter-
view study at 12
companies

Interviews professionals and brings a list of tech-
niques they use and the challenges they encoun-
tered. No mention about techniques pros, cons
and combinations.
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Year Ref Title Paper goal and gaps related to this work
2021 [150] A qualitative study

on non-functional
requirements in
agile software
development

Work focus on non-functional requirements and
discuss techniques, challenges and difficulties ap-
plied to this specific type of requirements, again
with no combination, weakness or strengths.

2022 [162] A Tacit-Knowledge-
Based Require-
ments Elicitation
Model Supporting
COVID-19 Context

SLR analysis joint with experts judgment to
bring up a list of prioritized challenges along
with a list of requirements elicitation techniques
and their frequency of citation. The study didn’t
went through any pros, cons or technique combi-
nations.

Table 2.1: Related works

As this work is focused in present the challenges, describe techniques along with their
strengths and weakness, as well go through some possible combinations that might assist
in overcome the difficulties and reduce the cons from some of the most common techniques,
we claim this work as relevant to complete gaps of previous researches.
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Chapter 3

Systematic Literature Review and
Survey

This Chapter presents the Systematic Literature Review (SLR) and the survey held with
the Brazilian development community, as well as its results and the relevant remarks.

3.1 Systematic Literature Review

A systematic literature review, often referred to as a systematic review [163], [106], is
a means of identifying, evaluating and interpreting all available research relevant to a
particular research question, or topic area, or phenomenon of interest. Individual studies
contributing to a systematic literature review are called primary studies; a systematic
literature review is a form of secondary study [106].

Based on the just mentioned definition, we have conducted a Systematic Literature
Review (SLR) to identify the techniques that are described in the literature and used by
the industry to elicit requirements for a software or a system and investigate the pros and
cons of the most referenced, based on the selected papers (for details, refer to section 3.2.

The initial search yielded both primary and completed SLR studies. To avoid a pro-
tocol deviation and possible bias in the results, it was decided that the SLR would be
unraveled and the primary studies contained therein would be reanalyzed, meaning the
snowball technique as performed and each of the papers that applied to the quality and
criteria rules were reviewed.

In turn, such a decision brought another problem, what to do with primary studies
that did not adhere to the criterion of the year of the study, in other words, that had
been carried out before 2010? For this scenario, since we are reanalyzing each study
contained in the SLR, we decided not to consider them. After a careful analysis, the
studies presented in the table 3.8 are the SLR that were unraveled with studies from 2010
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or newer that were taken to be evaluated. All other inclusion and exclusion criteria were
applied during the analysis of the studies selected from these SLRs.

• Planning, conduction and reporting:

A Systematic literature review starts by defining a review protocol that specifies
the objectives, PICOC structure, research(s) question(s) being addressed and the
methods that will be used to perform the review [106].

In seeking to answer the posed Research Questions the very first step was to define
the search string that led us to retrieve the studies that were evaluated.

Although protocols does not define a mandatory or specific minimum number of
years to address during the SLR, in general, many reviews presents from ten (10)
to fifteen (15) years as a range scope for analyzing papers. In defining the initial
year for our research we noticed that the year of 2010 was the one that had an
exponential grow from previous years therefore we understood that this year (2010)
would give us a interesting range of analysis.

The conduction followed the inclusionexclusion criteria and quality assessment ques-
tions and finally, this work is the reporting of those findings.

• Research string definition:

SLR is a protocol-based research method that is used to examine, classify, and assess
the current available literature related to a specific study of a specific research area
by using inclusion and exclusion criteria [164].

It was carefully analyzed which sort of papers should be included in this study and
therefore had to set-up the inclusion and exclusion criteria in order to initially select
the papers to fully analyze. During the review we continued to review the primary
and secondary studies that were initially selected, whereas this time the studies were
fully analyzed and to be selected.

The research protocol of this work was developed to meet the objective of identifying
techniques, or, in other words, methods to support the requirements elicitation process.

3.1.1 Question structure

According to Petersen et al. [165], the fundamental input to be considered is the set of
research questions and the very first step to elaborate it is to define the basic concepts of
population, intervention, comparison, outcome and context. That is the PICOC structure,
based on Kitchenham [106] description, as we present here:
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1. Population In software engineering experiments, the populations might be any of
the following:

• A specific software engineering role, e.g. testers, managers.

• A category of software engineer, e.g. a novice or experienced engineer.

• An application area, e.g. IT systems, command and control systems.

• An industry group such as Telecommunications companies, or Small IT com-
panies.

2. Intervention The intervention is the software methodology/tool/technology/procedure
that addresses a specific issue, for example, technologies to perform specific tasks
such as requirements specification, system testing, or software cost estimation.

3. Comparison This is the software engineering methodology/tool/technology/procedure
with which the intervention is being compared. When the comparison technology
is the conventional or commonly-used technology, it is often referred to as the “con-
trol” treatment. The control situation must be adequately described. In particular
“not using the intervention” is inadequate as a description of the control treatment.

4. Outcomes Outcomes should relate to factors of importance to practitioners such
as improved reliability, reduced production costs, and reduced time to market. All
relevant outcomes should be specified.

5. Context For Software Engineering, this is the context in which the comparison
takes place (e.g. academia or industry), the participants taking part in the study
(e.g. practitioners, academics, consultants, students), and the tasks being performed
(e.g. small scale, large scale). Many software experiments take place in academia
using student participants and small scale tasks.

Table 3.1 presents the PICOC definitions for this work.

3.1.2 Research Questions

The research questions identify the scope of the SLR, guide the research protocol con-
struction and the most critical elements of the SLR [166]. To meet the objectives set out
in Section 1.3.1, we set the following Research Questions (RQ) to guide the execution of
this research.

RQ.1: What are the existing techniques in the literature to elicit software requirements
that can be used in agile processes?
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PICOC terms Related description
Population Requirement Engineers, Developers, Analysts, Managers,

Customers, Organizations.
Intervention Tools, Methods and Practices on Agile Software Development.
Comparison How to use, pros and cons, challenges.
Outcome Guide presenting the findings, descriptions, pros (strengths),

cons(weakness), Requirements Elicitation challenges, sugges-
tions of RE Techniques combinations.

Context Papers on literature, from January-2010 to October-2022,
that presented or reviewed Agile Software requirements tech-
niques.

Table 3.1: PICOC definition

In this research question we systematically reviewed the literature that studied
and identified techniques for requirements elicitation process within agile software
development and then presenting the basic information about them, such as, name,
main reasons that was created, general description of how it works or main practices,
when applicable.

By answering this question allowed this work to narrow and focus the search into the
most cited and used techniques as well as, being able to provide a clear description
and characteristics of the techniques.

RQ.2: What are the strengths and weaknesses (pros and cons) in the identified techniques,
as well as the challenges reported in the literature for the requirements elicitation
phase?

In this research question, we aimed to catalog the main challenges identified both in
the literature and in the industry by using a systematic literature review research
in addition of the strengths and weaknesses (advantages and disadvantages) of the
techniques that could help surpass the commonly identified challenges. Also, we
held a survey with the practitioners community and and evaluation focus group
with specialists to confirm the findings.

Although there are numerous papers which provide a list of challenges and issues,
they do by showing the scenario in a generic way. The goal of this question in this
work was to find not only the general and most known challenges but try to identify
challenges related to specific techniques.

RQ.3: What techniques were combined to improve the requirements elicitation process?

In this research question, the focus was to investigate within the literature for studies
or practical cases that combined the elicitation techniques presented by this study.
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Also, we analyzed the strength and weakness of requirements elicitation techniques
either presented in other studies or discussed in proposed guides and based on
these strengths suggested possible combinations that might overcome the identified
challenges.

3.1.3 Search String

The aim of a systematic literature review is to find as many primary studies relating to
the research question as possible using an unbiased search strategy [106]. As mentioned
before, the first rule was the at least ten years of timeline should be included in the
research. Also, the main idea of this study was to work with Agile Software Development,
as well as to work with techniques that focus on requirements elicitation.

In addition, we have filtered for studies written in English, Spanish or Portuguese.
Although there was some risk of not retrieving relevant papers written in other languages
we understand this possible bias is minimized due to all relevant conferences request
the work being in English or, at least translated. Nevertheless, the filtering was not
complete since we also reduced the scope to the Computer Science, decision sciences and
engineering subject areas to avoid papers linked to medicine, health professions or any
sort of non-related areas.

To improve the initial structure of the search string, some synonyms were determined,
as sometimes the requirement elicitation is also known as specification or gathering. All
these definition criteria narrowed the scope of the search. After a few analysis we realized
the string could not be same for all indexers previously defined to be used, so in order
to thrive in the search and cover a more extensive ground on the candidate studies to
analyze we decided to adjust the search string for each indexer.

The base string was defined used Scopus (Table 3.2) and thereafter some adjustments
were made to cover each of the other main indexers. In order to provide a better and
more complete view of search routing, we also present each search string generated for
each indexer.

The automatic search string used in this research was adapted according to the pos-
sibility of using the digital libraries’ connectors. Thereby the resultant base string is
presented in the box below.
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TITLE-ABS-KEY ( ( requirement ) AND ( elicitation OR gathering OR specifica-
tion ) AND ( tool OR technic OR method OR methodology OR practice) AND (
"ASD" OR "agile Software Development" OR "agile requirement" OR "agile prac-
tice" OR "agile technique" OR "agile approach" ) ) AND ( LIMIT-TO ( SRCTYPE
, "p" ) OR LIMIT-TO ( SRCTYPE , "j" ) ) AND ( LIMIT-TO ( DOCTYPE ,
"cp" ) OR LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( SUBJAREA ,
"COMP" ) OR LIMIT-TO ( SUBJAREA , "ENGI" ) OR LIMIT-TO ( SUBJAREA
, "DECI" ) ) AND ( LIMIT-TO ( PUBYEAR , 2022 ) OR LIMIT-TO ( PUBYEAR
, 2021 ) OR LIMIT-TO ( PUBYEAR , 2020 ) OR LIMIT-TO ( PUBYEAR , 2019
) OR LIMIT-TO ( PUBYEAR , 2018 ) OR LIMIT-TO ( PUBYEAR , 2017 ) OR
LIMIT-TO ( PUBYEAR , 2016 ) OR LIMIT-TO ( PUBYEAR , 2015 ) OR LIMIT-
TO ( PUBYEAR , 2014 ) OR LIMIT-TO ( PUBYEAR , 2013 ) OR LIMIT-TO (
PUBYEAR , 2012 ) OR LIMIT-TO ( PUBYEAR , 2011 ) OR LIMIT-TO ( PUB-
YEAR , 2010 ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) OR LIMIT-TO (
LANGUAGE , "Spanish" ) OR LIMIT-TO ( LANGUAGE , "Portuguese" ) )

• ACM Digital Library - in this indexer it was necessary to search using the full
text clause since the title clause was not bringing adequate results.

[Abstract: requirement] AND [[Abstract: elicitation] OR [Abstract: gathering] OR
[Abstract: specification] OR [Abstract: engineering]] AND [[Abstract: tool] OR
[Abstract: technique] OR [Abstract: method] OR [Abstract: methodology] OR
[Abstract: practice]] AND [[Abstract: "asd"] OR [Abstract: "agile software devel-
opment"] OR [Abstract: "agile requirement"] OR [Abstract: "agile practice"] OR
[Abstract: "agile technique"] OR [Abstract: "agile approach"]] AND [Full Text: re-
quirement] AND [[Full Text: elicitation] OR [Full Text: gathering] OR [Full Text:
specification] OR [Full Text: engineering]] AND [[Full Text: tool] OR [Full Text:
technique] OR [Full Text: method] OR [Full Text: methodology] OR [Full Text:
practice]] AND [[Full Text: "asd"] OR [Full Text: "agile software development"] OR
[Full Text: "agile requirement"] OR [Full Text: "agile practice"] OR [Full Text: "agile
technique"] OR [Full Text: "agile approach"]] AND [Publication Date: (01/01/2010
TO *)]

• IEEE Explore

("All Metadata":"requirement" AND ("All Metadata":"elicitation" OR "All Meta-
data":"gathering" OR "All Metadata":"specification") AND ("All Metadata":"tool"
OR "All Metadata":"technic" OR "All Metadata":"method" OR "All Metadata":
"methodology" OR "All Metadata":"practice" OR "All Metadata":"agile approach")
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AND ("All Metadata":"ASD" OR "All Metadata":"agile Software Development" OR
"All Metadata":"agile requirement" OR "All Metadata":"agile practice" OR "All Meta-
data":"agile technique")) AND PUBLICATION (2010-2022)

• Science Direct - the same base string was used by this indexer. The only change
was to remove the clause related to limit the subject area, due to incompatibilities
of the indexers with this clause.

• Springer - in this indexer it was necessary to change the clauses not using the
"AND" clause which was limiting the results and returning empty in most cases.
After the "NEAR" clause was used, with the indexer searching for specific words
using the proximity within the sentence, the results were more promising.

("Requirements" NEAR/5 ("elicitation" OR "gathering" OR "specification" OR "en-
gineering")) NEAR ("technic" OR "technique" OR "method" OR "methodology" OR
"practice" ) NEAR ( "ASD" OR "Agile Software Development" OR "agile require-
ment" OR "agile practice" OR "agile technique" OR "agile approach") AND NOT
"medicine" AND NOT "Mathematics" AND NOT "Psychology" AND NOT "Fi-
nance" AND NOT "Humanities"

The search strategy included two stages: (i) automatic search in electronic databases
based on the search string presented for each indexer and (ii) manual search in newspapers,
conferences, and workshops. The decision was to made to dminish any possible bias of the
search string. In general, in case the paper was not included as a result of the automatic
research and still there was a reference pointing the study as a review related to elicitation
techniques the paper was elected and included to be analyzed (manual search). Once the
manual analysis was performed and the view was that the paper could aggregate value
for our study, then the paper was included for further analysis.

3.1.4 Databases and Journals

Systematic literature reviews are based on a defined search strategy that aims to detect
as much of the relevant literature as possible [106]. Aiming to obtain diverse studies to
encompass the theoretical and practical aspects of requirements elicitation techniques to
ensure a broad scope for the review, the databases presented in Table 3.2 were the ones
taken into account for the automatic search of this work.

Also, the journals and conferences from Table 3.3 were consulted in a manual research.
These were selected because they were known to include studies or literature surveys, and
to be well known as sources for other systematic literature reviews related to software
engineering. Although the Digital Databases probably have indexed the papers which
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Digital Databases URL
Academia https://www.academia.edu

ACM Digital Library https://dl.acm.org
IEEEXplore https://ieeexplore.ieee.org/Xplore/home.jsp

Scopus document search https://www.scopus.com/search/form.uri?display=basic#basic
Springer https://www.springer.com/br

Science Direct https://www.sciencedirect.com

Table 3.2: Digital Databases for automatic research

were selected in manual search, this approach is intended to decrease the bias of the
Search String, as better detailed in the 3.5 Section. Also, other sources could be selected,
however, we understood that by working with the ones listed in the Tables 3.2 and 3.3
this work would be covering the necessary ground for the stated research questions.

Source Name Type
Requirements Engineering (RE) Conference Conference
ACM IEEE International Conference on Software Engineering (ICSE) Conference
International Working Conference on Requirements (REFSQ) Conference
International Conference on Human-Computer Interaction (HCII) Conference
IEEE Transactions on Software Engineering (TSE) Journal
Empirical Software Engineering Journal (EMSE) Journal
Requirements Engineering (RE) Journal Journal

Table 3.3: Journals and conferences

Although there was a possibility of Scopus database overlapping some studies that
could be found in other databases and journals, the primary goal was to try to cover as
many studies as possible in the systematic literature review therefore we opted to perform
the automatic research using the databases, as shown in Table 3.2, even though there was
a chance to return a few duplicated studies.

Furthermore, to minimize the duplication of studies the decision was to primary use
the digital databases from the Table 3.2, since they usually indexes a great amount of
papers and to manually explore the defined journals, as presented in Table 3.3. Finally,
although not included directly as a database source for our research, Google Scholar was
used to help us locate the manually referenced papers.

3.1.5 Selection Criteria (Inclusion and Exclusion)

According to Kitchenham [106], Systematic Literature Reviews (SLRs) require explicit
inclusion and exclusion criteria to assess each potential primary study, so taking into
account this precept, we have defined a solid inclusion and exclusion criteria to identify
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Figure 3.1: Percentage of papers per source

the relevant studies to be included in the research and meet our goals. Table 3.4 presents
the selection Criteria.

Inclusion Criteria Exclusion Criteria
IC.1. Studies related to Agile Software
Development

EC.1. Studies that present a specific and
proprietary approach

IC.2. Studies that describe challenges re-
lated to ASD in general or to any require-
ment elicitation technique

EC.2. Studies published before 2010

IC.3. Studies that reference or describe
RE techniques

EC.3. Studies that only provides statistics
about a elicitation technique

IC.4. Studies that provide advantages
(pros) or disadvantages (cons) of any RE
technique that can be applied to ASD

EC.4. Duplicated studies

Table 3.4: Selection Criteria

3.1.6 Conduction of the SLR

Systematic Literature Reviews (SLRs) are based on a defined search strategy that aims
to detect as much of the relevant literature as possible [106]. Once all the criteria were
determined we start the conduction of the SLR.

The Figure 3.1 shows the contribution of each indexer for this research. Also, for
conducting the review we decided to use a tool named Parsif.al1, which is a free open
source web platform for supporting SLRs and contains features to assist the researcher,
from the import of the searched papers through the definition of inclusion and exclusion
criteria and quality assessment. Moreover, its workflow is based on the SLR process
proposed by Kitchenham [106].

1https://parsif.al
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We initially defined the indexers and databases to perform the automatic search,
as already stated in Table 3.2. The execution of the search strings (section 3.1.3) for
automatic search returned a total of 338 papers. Furthermore, the manual search and
analysis were held by the researcher using the defined journals and conferences (3.3 which
resulted in more 18 works potentially relevant for the review. All this search resulted in a
total of 496 papers retrieved either from automatic search or from manual search. These
papers were collected for subsequent analysis. Table 3.5 shows the initial numbers of the
search proceedings, including automatic and manual findings.

Digital Database Quantity of Studies
IEEEXplore 49
ACM Digital Library 74
Scopus document search 138
Springer 138
Science Direct 79
Manual inclusion 18
Total 496

Table 3.5: Number of Studies per Digital Database

Moreover, we went through extraction and quality assessment phases by reviewing
each of the papers based on the Quality Assessment questions.

3.1.7 Quality Assessment (QA)

During the step of full analysis, usually known study selection, all the remaining papers
were fully read and for each them the analysis being done according to the data extraction
criteria from Table 3.6. Section 3.2 presents the cutoff rule.

ID Quality Assessment (QA) Question

QA1. Does the study describe pros, cons or challenges for using the literature
cited technique in agile software development?

QA2. Does the study describes the context of using the cited technique in agile
software development?

QA3. Does the study suggest any combination of using the cited technique in
agile software development?

Table 3.6: Quality extraction criteria
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3.2 Systematic Literature Review Results

The first step of systematic literature review was to remove the duplication, and this was
done by comparing the name, authors and publication dates of the papers. In case there
was the literally equal one of the similar documents was marked as duplicated. This initial
step removed 89 papers from the list.

Furthermore, after filtering the studies applying all the defined criteria and rules, the
final list of studies that entered extraction filtering and quality assessment the cutoff score
higher than 0.5 was set with the possibility of assign half point for QA1 (see Table 3.6) in
case the study shows challenges or pros and cons only. However, as explained in section
3.1, some of the selected studies were also Systematic Literature Reviews, so to avoid bias
in the results, we unraveled the systematic literature reviews presented on table 3.8 and
analyzed all primary studies within those SLR(s).

It is important to highlight that for this analysis we maintained the same protocol, with
the same Inclusion and Exclusion criteria (3.4) therefore, studies either published before
2010 or presenting proprietary approaches or providing only statistics about a elicitation
technique or duplicated studies were discarded from analysis. During the analysis some of
the studies presented on those SLRs were also captured either in the automatic search or
the manual search, therefore they were also not included to avoid any duplicated analysis
and counting. Also, for reference, from this thorough analysis, 14 other studies emerged
as selected. These were included in the numbers when describing the protocol.

After removing the duplicated ones, the analysis continued by the researcher reading
and verifying the title and abstract of the papers. At this step the major direction was
to remove the ones that were not related to agile challenges, elicitation techniques or any
close-related description. The analysis was done by using the inclusion and exclusion
criteria described in Table 3.4. It is important to highlight that in case of any doubt or
mind-breaker about the paper the main direction was to promote to the next phase of
the analysis to avoid discard any paper that could be relevant to the research.

At this point another 291 papers were excluded from the researching, with exactly
ninety eight (98) studies remaining to full analysis. As one can see in Figure 3.2 the pa-
pers were published between January, 2010 and October, 2022 with most of the accepted
papers being from 2017, 2019, 2021 and 2022.

In analyzing the scoring of the papers the decision was to score as whole, partially or
not score for each quality assessment question according to the brief definition on “Quality
extraction cutoff score”, as shown in Table 3.7.
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Figure 3.2: Initially accepted papers per year

Score Definition
Zero (0) when the study did not mention the information required.
A half (1/2) when the study did mention or reference the information

although did not elaborate on it.
One (1) when the study mentioned or referenced the information

also providing at least a brief explanation or examples.

Table 3.7: Quality extraction cutoff score

The score cutoff for the review was to discard any study with Zero (0) or Half (0.5)
points as the outcome was that these papers were not the real scope of this work and
would not aggregate the necessary information for this analysis. By the ending of the
phase, another 48 papers were rejected. Figure 3.3 presents the each step of this review.

Furthermore, after filtering the studies applying all the defined criteria and rules, the
final list of studies that entered extraction filtering and quality assessment the cutoff score
higher than 0.5 was set. However, as explained in Section 3.1, some of the selected studies
were also Systematic Literature Reviews, so to avoid bias in the results, we unraveled the
systematic literature reviews presented in Table 3.8 and analyzed all primary studies
within those SLR(s). Hence, the snowballing strategy was further employed to enhance
the search process.
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Figure 3.3: SLR conduction evolution

Paper title Reference
A Qualitative Study on Non-Functional Requirements in Agile Soft-
ware Development

[150]

Agile Requirements Engineering: A systematic literature review [167]
Quality requirements challenges in the context of large-scale dis-
tributed agile: An empirical study

[160]

Requirements engineering: A systematic mapping study in agile soft-
ware development

[145]

A Requirements Engineering Techniques Review in Agile Software De-
velopment Methods

[159]

A Systematic Literature Review on implementing non-functional re-
quirements in Agile Software Development: issues and facilitating
practices

[168]

Requirements elicitation techniques: a systematic literature review
based on the maturity of the techniques

[39]

Table 3.8: Snowballed studies (SLRs)
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For this analysis we maintained the same protocol, with the same Inclusion and Exclu-
sion criteria (3.4) therefore, studies either published before 2010 or presenting proprietary
approaches or providing only statistics about a elicitation technique or duplicated studies
were discarded from analysis. During the analysis some of the studies presented on those
SLRs were also captured either in the automatic search or the manual search, therefore
they were also not included to avoid any duplicated analysis and counting. From this
thorough analysis, 14 emerged as selected.

Finally, the final list of papers that were taken into account for the Systematic Liter-
ature Research (SLR), can be seen in Table “Selected studies” (3.9).

Id Paper title Reference
[S1] Information Extraction on Requirement Prioritization Ap-

proaches in Agile Software Development Processes
[136]

[S2] A Qualitative Study on Non-Functional Requirements in Agile
Software Development

[150]

[S3] A proposed framework for improved software requirements elici-
tation process in SCRUM: Implementation by a real-life Norway-
based IT project

[109]

[S4] Requirements specification for developers in agile projects: Eval-
uation by two industrial case studies

[169]

[S5] Robust approaches, techniques and tools for requirement engi-
neering in agile development

[126]

[S6] The role of ethnography in agile requirements analysis [146]
[S7] Infusing Design Thinking into a Software Engineering Capstone

Course
[170]

[S8] Modelling agile requirements using context-based persona stories [171]
[S9] Agile Requirements Engineering: A systematic literature review [167]
[S10] HCI usability techniques in agile development [172]
[S11] Impacts of agile requirements documentation debt on software

projects: A retrospective study
[173]

[S12] Investigating the Link between User Stories and Documentation
Debt on Software Projects

[174]

[S13] Integration of agile practices: An approach to improve the quality
of software specifications

[155]

[S14] Generating feature model from creative requirements using model
driven design

[175]

[S15] Handling requirements using FlexREQ model [176]
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Id Paper title Reference
[S16] Communication patterns of agile requirements engineering [177]
[S17] Automated acceptance test refactoring [178]
[S18] An approach to requirements elicitation and analysis using goal [179]
[S19] Quality requirements challenges in the context of large-scale dis-

tributed agile: An empirical study
[160]

[S20] Quality of software requirements specification in agile projects: A
cross-case analysis of six companies

[180]

[S21] The challenges that challenge: Engaging with agile practitioners’
concerns

[181]

[S22] Requirements engineering: A systematic mapping study in agile
software development

[145]

[S23] Understanding information needs of agile teams to improve re-
quirements communication

[182]

[S24] Mind-mapping: An effective technique to facilitate requirements
engineering in agile software development

[183]

[S25] A Model of Software Prototyping Based on a Systematic Map [184]
[S26] User and System Stories: An Agile Approach for Managing Re-

quirements in AOSE
[185]

[S27] A Requirements Engineering Techniques Review in Agile Software
Development Methods

[159]

[S28] Key Challenges in Agile Requirements Engineering [158]
[S29] A Systematic Literature Review on implementing non-functional

requirements in Agile Software Development: issues and facilitat-
ing practices

[168]

[S30] Procedural Model of Requirements Elicitation Techniques [60]
[S31] Requirements elicitation techniques: a systematic literature re-

view based on the maturity of the techniques
[39]

[S32] Requirements Elicitation: Towards the Unknown Unknowns [101]
[S33] Qualitative comparisons of elicitation techniques in requirement

engineering
[65]

[S34] Comparison of Various Requirements Elicitation Techniques [32]
[S35] Software Development Lifecycle Models [127]
[S36] Effective Requirements Development–A Comparison of Require-

ments Elicitation Techniques
[67]

[S37] Requirement Elicitation Technique: - A Review Paper [38]
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Id Paper title Reference
[S38] Revisiting Requirements Elicitation Techniques [37]
[S39] (chapter 5) Requirements Elicitation [122]
[S40] Systematic Review of Requirement Elicitation Techniques [36]
[S41] Ambiguity in user stories: A systematic literature review [186]
[S42] An industry experience report on managing product quality re-

quirements in a large organization
[187]

[S43] Exploring software development at the very large-scale: a revela-
tory case study and research agenda for agile method adaptation

[188]

[S44] A case study on benefits and side-effects of agile practices in large-
scale requirements engineering

[189]

[S45] Agile requirements engineering with prototyping: A case study [190]
[S46] Non-functional requirements elicitation guideline for agile meth-

ods
[191]

[S47] Gamified requirements engineering: model and experimentation [192]
[S48] Identification of requirements using goal oriented requirements

elicitation process
[193]

[S49] Understanding the use of elicitation approaches for effective re-
quirements gathering

[194]

[S50] Extending application of non-verbal communication to effective
requirement elicitation

[195]

[S51] Distributed Elicitation of Software Requirements: an experimen-
tal case from Argentina and Colombia

[196]

[S52] Requirements elicitation with web-based focus groups [197]
[S53] A new approach to requirements elicitation using paper prototype [198]
[S54] A hybrid approach of requirement engineering in agile software

development
[199]

Table 3.9: Selected primary studies

3.3 SLR Results

Interest remains in this topic of elicitation techniques and its usage in either traditional
models or agile models. From the initial 496 papers retrieved either by using the research
string or by manual investigation, a total of 54 studies were considered after the final
analysis. Figure 3.4 “Selected papers by source” illustrates a view of the final list of the
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accepted papers, by showing the numbers by source and by year of the study had been
published.
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Figure 3.4: Selected papers by source and year.

3.3.1 RQ.1. What are the existing techniques in the literature
to elicit software requirements that can be used in agile
processes?

From the total amount of retrieved papers we have selected 54 studies for the period
2010–2022 on the requirements elicitation process topic. Our findings reveal that the
studies found in the literature have diverse depths with some of these studies simply cat-
egorizing techniques according to their approach, others identifying which techniques are
more useful in specific situations. On the other hand, some are more thorough and high-
lights the characteristics of one or more requirements elicitation technique and promote
their advantages or elects their disadvantages.

After analysis, we noticed that within the studies extracted either via the search
string or by manual research in conferences and journals, there are two clear focuses for
the papers. Part of the selected papers aims to demonstrate and discuss challenges of
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Requirements Engineering and Agile Software Development while another set of the re-
trieved papers focuses on the presentation, discussion and study of requirements elicitation
techniques. Both study profiles are valid for this work.

Focusing in answering RQ.1, we first separated the studies that aimed to list re-
quirements elicitation techniques from those that discussed in depth one or more RE
techniques. For this RQ, we have used studies presented in the Table 3.10. Within these
studies, we identified several techniques. Note that the majority of studies, regardless of
other discussions, also address Interview and Prototyping techniques.

In all cases, as an answer to RQ.1, we have the list in Table 3.10, containing the
techniques presented in the literature, for the selected studies.

Id Reference Elicitation techniques used.
[S1] [136] Quality Function Deployment (QFD); Interview; Question-

naires; Survey; Prototyping; and User Stories.
[S2] [150] User stories; Story Cards; Interview; Observations; Workshop;

Prototyping; and Brainstorming.
[S3] [109] Brainstorming; Prototyping; and Mind mapping.
[S4] [169] User Stories; Story Cards; and Scenarios.
[S5] [126] Joint Application Development (JAD); Mind Mapping; and

Story Cards.
[S6] [146] Feature-Driven Design (FDD); Questionnaires; Interview; Sur-

veys; Workshop; Data and Document Analysis; Observation; and
Ethnography.

[S7] [170] Prototyping; Persona; Storyboards; and Journey Maps.
[S8] [171] Persona; User Stories; and Storyboards.
[S9] [167] User Stories; Mind mapping; Persona; Scenarios; Prototyp-

ing; Participatory Design; Qualitative/ Quantitative Customer-
driven Development (QCD); and Human-Centered Design
(HCD).

[S10] [172] Persona; Scenarios; Storyboards; Prototyping; Ethnography;
and Observation.

[S11] [173] User Stories.
[S14] [175] Mind Mapping.
[S15] [176] Interview.
[S16] [177] Ethnography; User Stories; and Story Cards.
[S17] [178] Test-Driven Design (TDD); and Behavior-Driven Design (BDD).
[S18] [179] Goal based analysis; and Scenarios.
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Id Reference Elicitation techniques used.
[S20] [180] Feature-Driven Design (FDD); Interview; Observation; Data and

Document Analysis; and User Story.
[S22] [145] Joint Application Development (JAD); Prototyping; Mind map-

ping; and User Stories.
[S23] [182] Persona; Prototyping; Goal model and User Stories.
[S24] [183] Mind Mapping.
[S25] [184] Prototyping.
[S26] [185] Interview; Questionnaires; Workshop; and User Story.
[S27] [159] Interview; Focus Groups; Brainstorming; Questionnaires; Proto-

typing; Observation; and Document or Data Analysis.
[S30] [60] Interview; Questionnaires; Focus Group; Joint Application De-

sign (JAD); Prototyping; Document analysis; Card Sorting; Lad-
dering; Observation; Social Analysis and Brainstorming.

[S31] [39] Interview; workshop; Focus Groups; Joint Application Design
(JAD); Quality Function Deployment (QFD); Ethnography; Sce-
narios; Prototyping; Protocol Analysis; Card sorting; Ontology;
Modeling; Goal-based approach; Repertory Grids; User Story;
Mind Mapping; and Storytelling.

[S32] [101] Use Cases; Interview; Observation; Workshop; Scenario; Joint
Application Design (JAD); Prototyping; Laddering; Ethnogra-
phy; Participatory Design; and Analytical Hierarchy Process
(AHP).

[S33] [65] Brainstorming; Workshop; Prototyping; Joint Application De-
sign (JAD); Group work; Ethnography; User Scenarios; and In-
trospection.

[S34] [32] Interview; Document Analysis; Questionnaires; Observation;
Ethnography; Prototyping; Joint Application Design (JAD);
Brainstorming; Group work; Workshop; User Scenarios; and
Laddering.

[S35] [127] Joint Application Design (JAD)
[S36] [67] Interview; Workshop; Focus group; Brainstorming; Protocol

Analysis; Ethnography; Observation; Laddering; Scenario; Joint
Application Design (JAD); Prototyping; and Storyboards.

[S37] [38] Prototyping; Brainstorming; Questionnaires; Laddering;
Ethnography; and Interview.
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Id Reference Elicitation techniques used.
[S38] [37] Interview; Document Analysis; Questionnaires; Prototyping;

Brainstorming; Joint Application Design (JAD); Ethnography;
Protocol Analysis; and Laddering.

[S39] [122] Interview; Questionnaires; Introspection; Ethnography; Brain-
storming; Prototyping; Legacy system analysis; Scenario; Goal
Modeling; and Persona.

[S40] [36] Prototyping; Document Analysis; Observation; Questionnaires;
and Interview.

[S41] [186] User Stories.
[S45] [190] Prototyping.
[S46] [191] Interview; Observation; Social Analysis; Focus Groups; Brain-

storming; Prototyping; Joint Application Development (JAD).
[S47] [192] User Stories.
[S48] [193] Interview; Data and Document Analysis; Surveys; Card Sorting;

Laddering; Focus group; Brainstorming; Joint Application De-
velopment (JAD); Prototyping; Participatory Design; Ethnog-
raphy; Observation.

[S50] [195] Interview.
[S51] [196] Interview; Questionnaires; Brainstorming.
[S52] [197] Ethnography; Interview; Joint Application Development (JAD);

Scenarios.
[S53] [198] Interview; Questionnaires; Workshop; Brainstorming; Story-

boards, Use Cases; Role Playing; Prototyping.
[S54] [199] Joint Application Development (JAD).

Table 3.10: Techniques used in primary studies

From the list of papers Table 3.10 we analyzed two interesting scenarios. First the
number of studies that reference, cite or discuss any requirements elicitation technique.
The word cloud 3.5 gives a graphic perspective of the most referred techniques found
throughout these papers. The word cloud shows Prototyping, Interview and User Stories
as the three most referenced techniques as well as Observation, Scenarios and Question-
naires being well ranked. However, it is interesting to note that JAD, Mind mapping and,
especially Ethnography are among the most referenced techniques referred in literature,
as presented in the list 3.3.1, although, at least in the community of respondents of this
work, these RE techniques are the ones with the least percentage of knowledge as one can
compare by seeing in the Figure 3.14.
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Design Thinking, which is much viewed as a methodology [200], a process, an action
or a protocol for solving problems and discovering new opportunities [201], [202], [203],
[204], [205], [206] were referred in a few papers, however in this study we are working with
techniques and not with complete methodology or process therefore, although Design
Thinking is being mentioned for comparison effects, it is not being taken into account for
strengths or weakness perspective as well as for suggestions of techniques combinations.

Use Cases, on its side, is also listed in some papers [136], [126], [167], [179], [180], [39],
[101] nevertheless this technique are more related to specification than the requirements
elicitation itself, moreover the decision was to not include in the techniques analysis and
combination as well.

Figure 3.5: Word cloud for elicitation techniques

According to the selected papers, the list of the existing requirements elicitation tech-
niques in literature are as follows:

• Most cited techniques (number of referencing studies)

– Prototyping (23)

– Interview (22)

– User Stories (14)

– JAD (12)

– Ethnography (11)

– Brainstorming (11)

– Scenarios (10)

– Observation (10)

– Questionnaires (9)

– Mind Mapping (8)

• Least cited techniques (all with only 1 study citation)
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– Analysis of Legacy Systems

– Human-Centered Design

– Introspection

– Journey Maps

– Ontology

– Role Playing

– Social Analysis

– Storytelling

– Qualitative/Quantitative Customer-
driven Development (QCD)

– Test-Driven Design (TDD)
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Figure 3.6: RE Techniques referred in literature

The second scenario was to analyze the requirements elicitation techniques that were
actually being used in a project, process, framework or case study, or, in other words
being used in industry or real word project.

For this scenario the central idea was to consider the technique as being referenced for
industry when the paper was describing the use of the technique in a project or case study
conducted in the real world within any branch of industry or services. Specific cases, such
as the use of techniques such as Interview or Prototyping only as part of the theoretical
study, were not considered as equivalent to studies related to industry. The findings are
present in the Figure 3.7.
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Figure 3.7: Elicitation techniques used in industry

These numbers were obtained during the SLR by reviewing the studies that discussed
or described projects taken in the real world or practical cases of study . In reference to the
use of techniques in industrial projects or in practical cases, according to the documents
obtained in the SLR, we have that in descending order, Interviews [180]; [181], [60], [185],
[190], [191], [194], [195], [196], [182] is the most referenced, followed by Prototyping [170],
[172], [184], [60], [190], [191], [195]; User Stories [173]; [174]; [180], [60], [190], [191], [192];
Questionnaires [60] [192], [196], [198], [182]; Persona [170], [172], [192], [182]; Observation
[180]; [181], [60], [191]; Scenarios [60], [172], [182]; Brainstorming [190], [191], [196]; Mind
Mapping [175], [183] and Focus Group [197].

Furthermore, it is interesting to compare the numbers for the most cited techniques
on the literature side against the ones cited as part of a practical case in the industry.
In summary, the most cited techniques in both cases are the same, with Interviews,
Prototyping and User Stories having the highest numbers of records. On the other hand,
we see elicitation techniques such as Persona, more recent, and still with a lot of field for
study in the literature, but which are already being well used in practical applications in
the industry. In addition, it is noteworthy that the Ethnography technique is recurrent in
literature studies, however, at least in this set of selected papers, it was not remembered
during practical experiences. The Figure 3.8 demonstrates it for the ten most referred
techniques in literature comparing with the citations in industry.
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Figure 3.8: Comparing techniques described in literature and used in industry

As one can see some techniques are much referred in literature however there are
differences when dealing with real projects or case studies.

RQ.1. Summary: The most referenced techniques in the literature are Prototyp-
ing, Interviews, User Stories, Joint Application Development (JAD), Ethnography
and Brainstorming, while the most cited for industry are Interviews, User Stories,
Prototyping, Questionnaires, Persona and Observation. Results show the first three
techniques consolidated in both worlds, with the industry also working with tech-
niques that can cover a larger number of users such as Questionnaires or simplify
user profiles as Persona technique can do.

3.3.2 RQ.2. What are the strengths and weaknesses (pros and
cons) in the identified techniques, as well as the challenges
reported in the literature for the requirements elicitation
phase?

Regarding the RQ.2, we started analyzing the reported challenges covered by studies that
focused on this perspective (analyzing challenges). In general, including the studies ex-
tracted by the search string and the ones collected by using manual research in journals
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and conferences, we have found fourteen (14) papers seeking to discuss the challenges of
ASD and Requirements Engineering. Table 3.11 summarizes the main findings related
to challenges. Aiming for a more complete view, we opted to initially detail all referred
challenges without remove the ones not specific related to elicitation. Later, during the
categorization, we justify any exclusion or classification. Additionally, the table 3.10 pre-
sented during the RQ.1 3.3.1 summarized the studies that brought information, including
pros and cons of the Requirements Elicitation Techniques.

Id Ref. Referred challenge
[S2] [150] i) insufficiency of the user story format;

ii) reliance on tacit requirements knowledge given by users.
[S3] [109] i) lack of precise requirements can cause system failure;

ii) scalability limitations towards large-scale projects in agile;
iii) less documentation and quick processing can lead to skipping
requirements;
iv) clients that have less knowledge of necessary requirements;
v) clashes among software experts and stakeholders;
vi) requirement prioritization;
vii) communication and coordination with all teams for requirements
elicitation.

[S9] [167] i) lack of allocated time for upfront activities;
ii) difficulty of modularization of the software;
iii) lack of documentation.

[S11] [173] i) lack of information before jumping into development;
ii) difficulty to prioritize Requirements due to high abstraction level;
iii) lack of non-functional requirements identification;
iv) volatility of requirements;
v) definition of requirements with a low level of detail;
vi) difficulty to define dependencies between requirements;
vii) difficulty to predict impacts of changes;
viii) problems with the communication and collaboration with users.

[S12] [174] i) lack of documentation;
ii) requirements prioritization;
iii) lack of identification of non-functional requirements;
iv) communication and collaboration with users;
v) incomplete design specification.
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Id Ref. Referred challenge
[S13] [155] i) customer unavailability;

ii) turnover of the team;
iii) poor documentation;
iv) communication on remotely distributed teams and clients.

[S15] [176] i) incomplete requirements;
ii) incomplete domain knowledge;
iii) overlooking tacit assumptions;
iv) definition of system boundaries;
v) ambiguous requirements and inconsistent requirements;
vi) different views of users;
vii) too many “primary” users;
viii) requirements variability.

[S19] [160] i) minimal documentation and difficult to document the requirement
ii) inappropriate architecture when new requirements arise
iii) customer not available
iv) difficulties to estimate and plan efforts
v) requirements prioritization
vi) difficulties to discover dependencies between sub-systems in early
stages
vii) neglect of quality requirements
viii) lack of customer’s domain knowledge
ix) team coordination and communication; x) uneven teams matu-
rity;
xi) difficulties to promote innovative ideas
xii) hidden assumption.
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Id Ref. Referred challenge
[S21] [181] i) misconceptions and interpretations

ii) sparse or limited information
iii) organizational culture issues
iv) lack of commitment or engagement from stakeholders
v) distributed teams
vi) lack of training in specific techniques or practices
vii) knowledge sharing
viii) large and complex projects ix) poor documentation x) standard
contracts that require upfront specifications
xi) poor measurement to control project evolution;
Obs. Categories of challenges:organization and management; people;
process; and tools related challenges.

[S23] [182] i) insufficient requirements communication with customer(s);
ii) insufficient requirements communication in teams;
iii) lapses and rework due to low quality of documented requirements;
iv) lack of communication of relevant changes to relevant people;
v) substantial changes of initial estimates of time and cost;
vi) rework in the architecture design;
vii) delay in completing the assigned work on time;
viii) system security, usability or performance is at risk;
ix) neglecting of non-functional requirements;
x) communication lapse due to sudden changes in the requirements.

[S27] [159] i) inadequate understanding of the end user’s needs;
ii) inability to meet changing requirements;
iii) modules that can not be coupled to work together;
iv) software difficult to maintain or expand;
v) late detection of critical faults;
vi) software of low quality;
vii) unacceptable software performance.
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Id Ref. Referred challenge
[S28] [158] i) functional or technical dependencies with other teams;

ii) independent (detailed) decisions from development team regard-
less stakeholders;
iii) understand the big picture for complex requirements;
iv) requirements volatility;
v) work out user requirements and quality of use in cooperation with
end users;
vi) involve stakeholders throughout the whole development process
in regular iterations.

[S29] [168] i) neglecting non-functional requirements (NFRs);
ii) misunderstandings regarding user stories;
iii) lack of traceability mechanisms of NFRs
iv) lack of cost-effective real integration test;
v) ambiguous communication process;
vi) misunderstanding the architecture drivers between teams;
vii) unmanaged architecture changes;
viii) hidden assumptions regarding NFRs implementation in inter-
team collaboration;
ix) moving to Agile with a waterfall mind-set;
x) sporadic adherence to quality guidelines by Agile teams;
xi) overlooking sources (stakeholders);
xii) insufficient knowledge or competencies in the project team.

[S30] [60] i) lack of participation of user;
ii) lack of experience of the analyst;
iii) lack of understanding of elicitation techniques.

[S42] [187] (i) difficulties in communication of requirements;
(ii) large projects;
(iii) reuse of the knowledge from one project to another.

[S43] [188] (i) difficulties with customer involvement;
(ii) difficulties in translating requirements.
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Id Ref. Referred challenge
[S44] [189] (i) communication gaps;

(ii) overscopping;
(iii) waste requirements;
(iv) low quality on requirements;
(v) customer expectation not met;
(vi) low motivation for requirements work;
(vii) weak requirements prioritization;
(viii) lack of documented work.

[S45] [190] (i) lack of documentation;
(ii) motivation issues related to RE work;
(iii) hard to achieve sufficient customer presence in project;
(iv) difficulties in reaching consensus among more than one customer
group;
(v) ensuring sufficient customer competence or knowledge;
(vi) neglect of non-functional requirements;
(vii) constant re-prioritization.

[S49] [194] (i) incomplete requirements;
(ii) incomplete domain knowledge;
(iii) ambiguous or inconsistent requirements;
(iv) different views of different users;
(v) excessive requirements;
(vi) incomplete understanding or translating of needs,
(vii) poor user collaboration;
(viii) continuous changing or addition of requirements.

[S53] [198] (i) scope;
(ii) volatility;
(ii) lack of understanding.

Table 3.11: Studies related to challenges

Based on the challenges found in the selected studies within the literature we analyzed
and concluded that most of them could be organized into major categories related to the
item that they were linked to. Moreover, in order to categorize the challenges we first
analyzed each of the reported challenges and grouped them based on the text.

First, we categorized based on similarity or proximity, as for instance, anything related
to documentation issues were placed in the “Documentation (Doc)” category or challenges
related to knowledge sharing or communication among teams or other stakeholders were
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added to “Communication (Comm)”. Any challenge that did not fit into any defined
category was placed in the “Others (Oth)”.

Therefore, we have created categories related to documentation, prioritization, quality,
communication, experience or expertise, volatility, availability, scalability, domain knowl-
edge, culture, requirements translation, as well as, the ones related to different items
which were classified as other.

In general, the categories are self-explained by the name, however it is important to
summarize all the categories. So, Table 3.12 presents the description of each category.

Category Description
Documentation problems related to lack, incomplete or low quality of the

necessary documentation.
Communication problems related to the flow (send, receive or share) of the

information.
Translation of require-
ments

interpretation and understanding of the requirements.

Stakeholder Engagement
and Availability

difficulties related availability, engagement, collaboration
of users and customers.

Scope and Volatility of the
requirements

issues on defining a stable set of requirements and project
boundaries.

Complexity and Scalabil-
ity of the projects

issues related complexity of projects.

Negotiation and Prioriti-
zation of Requirements

negotiation on requirements priorities among stakeholders.

Expertise from team or
user

problems related to knowledge or experience in the domain
of the software or with the methods being used.

Architecture and SW
Quality

difficulties related to design.

Culture and Environment related to organization and teams structure and method of
work.

Requirements Elicitation
work

problems related to non-functional requirements or han-
dling of RE task itself.

Project issues and Others problems related to project control or team decisions.

Table 3.12: Description of categories

Furthermore, the list of challenges collected on each of the selected papers and the
defined categories with their respective name and initials can be seen in the Table 3.13.

Also, the the most cited challenges retrieved from the studies are related to poor or
lack of documentation [182], [150], [109], [189], [194], [190]; miscommunication [182], [160],
[187], [174], [173], [109], [189], [150]; difficulties in define or interpret the requirements
[109], [194], [173], [176], [189], [159], [188], [194] and customer availability [60], [188],
[158], [150], [194], [190], [194].
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Documentation (Doc)
i) skipping requisites due to less paperwork and fast processing;
ii) lack or poor of documentation;
iii) insufficiency of the user story format;
iv) rework due to low quality of documented requirements;
v) work not documented;
vi) incomplete or poor documentation.

Stakeholder Engagement and Availability (Engg)
i) lack of participation of user or customer not available;
ii) lack of commitment or engagement from stakeholders;
iii) work out user requirements and quality of use in cooperation with end users;
iv) involve stakeholders throughout the whole development process in regular
iterations;
v) overlooking sources (stakeholders);
vi) poor user collaboration;
vii) hard to achieve sufficient customer presence in project.

Communication (Comm)
i) ambiguous communication process;
ii) insufficient requirements communication with customer(s);
iii) insufficient requirements communication in teams;
iv) poor communication of relevant changes to relevant people;
v) communication lapse due to requirements sudden changes;
vi) communication on remotely distributed teams and clients;
vii) communication and coordination with all teams for requirements elicitation;
viii) team coordination and communication;
ix) problems with communication and collaboration with users;
x) knowledge sharing;
xi) sparse or limited information;
xii) communication gaps;
xiii) incomplete or poor documentation.

Scope and Volatility of the Requirements (Vol)
i) requirements variability;
ii) requirements volatility;
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iii) overscopping;
(iv) waste requirements;
(v) excessive requirements;
(vi) neglect of non-functional requirements;
(vii) customer expectation not met;
(viii) continuous changing or addition of requirements;
(ix) scope.

Complexity and Scalability of the projects (Cplx)
i) scalability limitations towards large-scale projects in agile;
ii) large and complex projects.

Negotiation and Prioritization of Requirements (Prio)
i) hardship to prioritize requirements due to high abstraction;
ii) requirement prioritization;
iii) clashes among software experts and stakeholders;
iv) difficulties in reaching consensus among more than one customer group;
v) different views of users or too many “primary” users;
vi) weak requirements prioritization;
vii) constant re-prioritization.

Translation of requirements (Trl)
i) incomplete requirements;
ii) lack of information before jumping into development;
iii) understand the big picture for complex requirements;
iv) dependencies discovery between sub-systems in early stages;
v) inadequate understanding of the end user’s needs;
vi) inability to meet changing requirements;
vii) misconceptions and interpretations;
viii) ambiguous requirements and inconsistent requirements;
ix) lack of precise requirements can cause system failure;
x) definition of system boundaries;
xi) definition of Requirements with a low level of detail;
xii) difficulty to define dependencies between requirements;
xiii) misunderstandings regarding user’s description;
xiv) standard contracts that require upfront specifications;
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xv) difficulties in translating requirements;
xvi) incomplete understanding or translating of needs;
xvii) low quality on requirements.

Expertise from team or user (Exp)
i) insufficient knowledge or competencies in the project team;
ii) lack of experience of the analyst;
iii) lack of understanding of elicitation techniques;
iv) lack of customer’s domain knowledge;
v) moving to Agile with a waterfall mind-set;
vi) lack of training in specific techniques or practices;
vii) clients have less knowledge of necessary requirements;
viii) incomplete domain knowledge.

Architecture and Software Quality (Qlty)
i) software difficult to maintain or expand;
ii) late detection of critical faults;
iii) software of low quality;
iv) unacceptable software performance;
v) misunderstanding the architecture drivers between teams;
vi) unmanaged architecture changes;
vii) incomplete design specification;
viii) modules that can not be coupled to work together;
ix) difficulty to predict impacts of changes;
x) difficulty of modularization of the software;
xi) inappropriate architecture when new requirements arise;
xii) rework in the architecture design;
xiii) sporadic adherence to quality guidelines by Agile teams;
xiv) delay in completing the assigned work on time.

Culture and Environment (Cult)
i) organization culture;
ii) distributed teams;
iii) functional or technical dependencies with other teams;
iv) substantial changes of initial estimates of time and cost;
v) difficulties to promote innovative ideas;
vi) uneven teams maturity.
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vii) turnover of the team.

Requirements Elicitation work (REw)
i) low motivation for requirements work;
ii) hidden assumption, specially on NFRs implementation;
iii) overlooking tacit assumptions;
iv) reuse of the knowledge from one project to another;
v) lack of allocated time for upfront activities;
vi) lack of identification of Non-functional requirements;
vii) neglecting non-functional requirements (NFRs);
viii) neglect of quality requirements.

Project issues and Others (Oth)
i) difficulties to estimate and plan efforts;
ii) poor measurement to control project evolution;
iii) system security, usability or performance is at risk;
iv) development team autonomy decisions despite stakeholders;
v) Reliance on tacit requirements knowledge given by users.

Table 3.13: Challenges by category

After having a list of the challenges listed by the selected papers and having organized
the list in major categories, we also analyzed each of the categories were indeed related
to requirement elicitation tasks. Although relevant to the development cycle, the cat-
egories “Culture and Environment (Cult)”, “Architecture and Software Quality (Qlty)”
and “Project issues and Others (Oth)” are not related to Requirements Elicitation.

In simple terms, there is nothing that can be done during the RE phase to, for instance,
overcome problems related to high level of turnover in the company or bad architecture
decisions or implementation during design and development. As this work is focused in
Requirements Elicitation the categories “Cult”, “Qlty” and “Oth” were removed from
further analysis.

In addition, by analyzing each of the discussed techniques searching for its documented
strengths and weakness either in the selected papers or in other academic studies it was
possible to classify which RE technique would be able to assist on one or more category
challenge. In summary, if there is one or more papers providing information that an
specific requirements elicitation technique assists or is useful in facilitating “translating
requirements” or in improving “communication” or facilitating “engagement with users
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or stakeholders”, then the referred technique was considered to be useful in assisting in
these categories.

After the analysis of the identifying the strengths (pros), we classified the techniques
that could assist for each of the challenge categories by organizing the Table 3.14(colors
on the table are only for visual purposes and it does not imply anything). The rationale
behind the process of targeting the techniques to the categories of challenges they could
assist with was based on the information collected on strengths and weaknesses of these
techniques that can be seen in Chapter 4.

An example is when a technique has as its positive point or strength the ease of
engaging customers and users, either because it is simple to understand, or because it is a
quick process, in which there would not be much resistance from the parties interested in
taking part. In this case, this technique, with a strong characteristic of engaging users or
those responsible for requirements elicitation, was included in the challenge category of
"Stakeholder engagement and Availability". The classification in relation to the categories,
therefore, took into account only and specifically the strengths and weaknesses analyzed
for each technique discussed in this work.

Category Detailed Challenge Technique Assistance
Doc Documentation Mind Mapping

QFD
Observation
Ethnography

Trl Translation of requirements Interview
Storyboards
Laddering

Comm Communication Prototyping
Persona

User Stories
Questionnaires
Brainstorming
Focus group

JAD
QFD

Scenarios
Workshop

Exp Expertise from team or user User Stories
Interview

Mind Mapping
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Category Detailed Challenge Technique Assistance
Exp Laddering

Focus group
Legacy systems analysis

Prio Negotiation and Prioritization of Questionnaires
Requirements Persona

User Stories
FDD

Laddering
QFD
TDD

Cplx Complexity and Scalability of the projects Mind mapping
JAD
TDD

Workshop
Engg Stakeholder Engagement and Availability User Stories

Questionnaires
Prototyping
Laddering
Scenarios

Stakeholder analysis
Workshop

Vol Scope and Volatility of the Requirements Prototyping
Interview

Focus group
JAD
TDD

REw Requirements Elicitation work Brainstorming
Laddering

Mind Mapping
Persona

QFD
Storyboards

Table 3.14: Techniques that could assist for each challenge

Regarding the pros and cons, or, in other words, strengths and weakness of the tech-
niques identified and discussed in this study, as mentioned at the beginning of this RQ
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3.3.2, the Chapter 4 contains more details about each technique, with some information
and description of it, as well as the advantages (pros) and disadvantages (cons) identified
during this SLR and corroborated with deeper investigation in manual research. Each
session of Chapter 4 has some information about the technique and a table containing the
pros and cons identified.

For now Table 3.15 presents the papers used on this research to identify the strengths
and weaknesses of the analyzed techniques.

Technique under analysis References for pros and cons
Analysis of Legacy Systems [207], [208]
Brainstorming [209], [210], [211]
Data and Document analysis [212], [213], [214]
Ethnography [209], [101], [215], [216], [217]
Feature-Driven Design (FDD) [218], [219], [220], [221]
Focus Groups [209], [222], [223]
Interview [224], [223], [225], [226]
Joint Application Development (JAD) [217], [65], [32], [39], [127], [209], [126]
Laddering [217], [217], [32], [60]
Mind Mapping [158], [227], [175], [228], [229]
Observation [209], [217], [101], [164], [101], [32], [169]
Persona [171], [77], [230], [122]
Prototyping [32], [170], [109], [184], [209], [65], [65],

[209], [167], [159], [39]
Questionnaires [159], [209], [217], [231], [39], [32]
Quality Function Deployment (QFD) [136], [232], [233]
Scenarios [32], [209], [65], [101]
Stakeholder analysis [234], [235], [236]
Storyboards [237], [171], [238], [239], [67], [170]
User Stories [39], [177], [186], [167], [171], [32]
Workshop [209], [240], [217]

Table 3.15: Studies that references Pros and Cons of RE Techniques

62



RQ.2. Summary: This research question was discussed in this section and also
in Chapter 4 as first the major difficulties of requirements elicitation were analyzed
with the most challenging being problems related to Documentation; Communica-
tion; Translation of Requirements, Stakeholder Engagement and Availability; Nego-
tiation and Prioritization of Requirements; Scope and Volatility of Requirements;
and Complexity and Scalability of the projects. Once challenges were identified,
Chapter 4 presents the techniques pros and cons to assist in handling it.

3.3.3 RQ.3. What techniques could be combined to improve
the requirements elicitation process?

For the third research question (RQ.3), we did not find strong combination scenarios
within the analyzed primary studies. This was expected since it is the major gap from
the studies that led us to produce this work.

Before discussing the combinations, it is important to highlight that the intention here
is not to create another requirements elicitation techniques guide since there are a few that
can be pointed out that provide description and examples for use for several techniques
and can be leveraged for this discussion. Our focus is on techniques combinations based
on their strengths and weakness.

Although there might be others, Table 3.16 provide guides analyzed during this work
that we view as interesting when in need to learn about requirements elicitation tech-
niques.

Guide URL
DTA4RE https://sites.google.com/view/dta4re/?pli=1
RE Training https://retraining.inf.ufsc.br/guia/app/classificacoes/tecnicas-

de-elicitacao-de-requisitos
Técnicas de Elicitação de
Requisitos

https://sites.google.com/site/tecnicaselicitacao/

Software Testing Help https://www.softwaretestinghelp.com/requirements-
elicitation-techniques/

University of Ottawa https://www.site.uottawa.ca/ bochmann/SEG3101/Notes/-
SEG3101-ch2-3%20-%20ElicitationTechniques.pdf

Table 3.16: Requirements Techniques - Guides that can be useful

That being said, the focus is to discuss and suggest the combinations that could
help during Requirements Elicitation (RE) phase. From the selected papers there are a
few studies that at least cite the possibility of combination of requirements elicitation
techniques.
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First study is from Al-Zawahreh et al. [60], who mentioned that elicitation techniques
can be combined to obtain high quality requirements and suggest a model for improving
eliciting requirements using a combination of RE techniques. However, their study only
mentions the use of combination of Interview with Brainstorming without neither discuss
the pros and cons of those nor describe whether the combination was successful or not.

Second study is from Saeeda et al. [109], who cited that Interview and Prototyping
could assist each other. Once again, the study mentions that Prototyping is very helpful
to clarify requirements and can be a great complement to Interview without point their
strengths, weakness or how exactly one technique could diminish the weakness of the
other. Although we did not retrieve many possible combinations from other studies, it
is important to mention this is the very difference of this study from others and this
Research Question (RQ) aims to suggest some.

Third study is from Yousuf and Asger [32], who suggests some combinations captured
in previous studies they investigated. Combinations such as Interview with Prototyping
(same suggestion from [109]), Interview with Observation, Interview with Ethnography,
Ethnography with Questionnaires, and, finally, Prototyping with Joint Application De-
velopment (JAD).

Meligy et al. [146] report two combinations Interview with Observation and Ethnog-
raphy with Prototyping with special attention in describing valuable insights on Ethnog-
raphy assistance for Prototyping.

As informed previously, one of the goals of this study is to analyze and suggest combi-
nations of RE techniques to assist in overcoming the identified challenges. In a different
view to help the reader to understand how a requirement elicitation technique could help
surmount the identified challenges, Table 3.17 refers to the categories of challenges and
lists the requirements elicitation techniques that have characteristics that could assist the
practitioners in overcoming them as this table will help clarify the combination sugges-
tions. Furthermore, in the Chapter 4 presents a compilation of pros (advantages) and
cons (disadvantages) of 21 requirements elicitation techniques to assist practitioners in
analyzing and comparing them.

Also, when using techniques that are very similar and sometimes overlaps themselves,
such as Observation and Ethnography, the rationale was to combine techniques with
different characteristics to provide greater coverage of the possible categories of challenges
(problems) that can be found during the requirements elicitation task.

Since environments and projects are different, it is necessary to combine Requirements
Elicitation (RE) techniques for a better coverage and more complete RE phase and based
on the findings and information posted in the Table 3.14 and also, on the described
strengths and weakness of the techniques analyzed on this study, we suggested some
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Challenge
Technique

Cplx Trl Comm Exp Prio Doc Engg Vol REw

Interview X X X
Prototyping X X X
User Stories X X X X
Persona X X X
Observation X X X
Questionnaires X X X
Mind Mapping X X X X
Ethnography X X
Brainstorming X X
Data & Docu-
ment analysis

X

FDD X
Focus group X X X
JAD X X X
Laddering X X X X X
Legacy systems
analysis

X X X

QFD X X X X
Scenarios X X
Stakeholder
analysis

X

Storyboards X X
TDD X X X
Workshop X X X

Cplx=Complexity and Scalability of the projects; Trl=Translation of Requirements;
Comm=Communication; Exp=Expertise from team or user; Prio=Negotiation and Pri-
oritization of Requirements; Doc=Documentation; Engg=Stakeholder Engagement and
Availability; Vol=Volatility of the Requirements; REw=Requirements Elicitation work.

Table 3.17: Techniques and the challenges they can assist

smart combinations showing, for some challenges, which RE technique could be used to
assist the most common difficulties when dealing with RE tasks.

Each scenario has its own particularity, whether due to the culture, size or line of
business of the industry or the line of research, type of project or user/client profile, it is
a fact that there is no single model to be followed. To better illustrate the objective of
this research question for the work, we present, below, some hypothetical scenarios that
could happen and what could be the techniques used to overcome them.
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a. Customers do not have time or are not willing participate in long or several
meetings and have different priorities on possible requirements

In a more crude analysis, lack of time or customer involvement, while their priorities are
different, can mean two categories of challenges: “Stakeholder Engagement and Availabil-
ity (Engg)” and “Negotiation and Prioritization of Requirements (Prio)”. Furthermore,
the client’s lack of time or wiliness in collaborating can also pose a challenge related to
“Communication (Comm)”. So, to overcome this scenario, we might use techniques which
their strengths are related to those challenges. In this case some combinations were re-
ferred in the literature. For this example, we could use one of the following combinations:

• Prototyping + Questionnaires [241], [242], [243], [101], [244], [44]

– Prototyping the engineer can get some assistance on “Stakeholder Engage-
ment and Availability (Engg)” and “Communication (Comm)”

– Questionnaires it can get aid for “Negotiation and Prioritization of Require-
ments (Prio)”

• Persona + Scenarios [245], [39], [246], [247], [248]

– Persona to assist with “Communication (Comm)” and “Negotiation and Pri-
oritization of Requirements (Prio)”

– Scenarios to help with “Stakeholder Engagement and Availability (Engg)”

b. Customers do not have proficiency on the problem being solved, which is
also not previously document and hard to explain. Project is complex due to
business rules and difficult in making consensus among stakeholders

When reading carefully we realize that this is a sort of project that is quite common
these days and it leads to a few categories of challenges, such as: “Expertise from team
or use (Exp)”, as clients are not able to clear explain the problem; “Complexity and
Scalability of the projects (Cplx)”, as stated in the example, and very common in industry;
“Documentation (Doc)”, as previous documentation is sparse and rules difficult to explain
and document. For this example, we found in the literature some combinations that we
could use as follows.

• Workshop + Interviews [32]

– Workshop which is useful to complex and large systems [209] to assist with
“Complexity and Scalability of the projects (Cplx)”

– Interviews which helps avoid misinterpretations [226] and provide useful in-
sights [224] so it can assist with “Expertise from team or use (Exp)”
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• Observation to help with “Documentation (Doc)” category of challenge as it helps
understand how users operate the system and identify their needs [209]

c. Sponsor reported that project need to address issues related to some cat-
egories of challenges “Expertise from team or use (Exp)” as stakeholders can
only address parts of the domain, “Complexity and Scalability of the projects
(Cplx)” as system has complex business rules, “Documentation (Doc)” as
there are a large number of users and stakeholders, “Negotiation and Pri-
oritization of Requirements (Prio)” due to the number of stakeholders and
“Requirements Elicitation work (REw)” as some non-funcional requirements
are being demanded

In this straight forward example, we will use the identified pros and cons of some tech-
niques to build our combination. Based on the identified strengths, we could use the
combination of Mind Mapping and Persona the techniques as follows.

• Mind Mapping + Persona

– Mind Mapping can help with “Documentation (Doc)” due to strength on
information visualization and organization [158].

– Persona on its turn can assist with “Negotiation and Prioritization of Re-
quirements (Prio)” as the prioritization of the requirements [230], [122] is one
of its strengths

– Mind Mapping can also assist with “Complexity and Scalability of the projects
(Cplx)” due to its advantage of reducing the cognitive load making easier to
human minds [175].

– Persona also can help describing how users interacts with the system [230],
[122]

– Mind Mapping still can help with “Expertise from team or use (Exp)” by
helping associating ideas and promoting creativity [175].

–

We also could try a combination of Workshops and Questionnaires along with User
Stories to cover the categories of challenges identified in this hypothetical scenario b.

• Workshops + Questionnaires + User Stories

– Questionnaires can assist with “Dcocumentation (Doc)” issues in case the
problem is to reach a large number of stakeholders [209]
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– Workshops can help with “Complexity and Scalability of the projects (Cplx)”
as it is useful for the elicitation of complex requirements [209]

– Workshops also aids with decision-making and consensus among stakeholders
[240] therefore assisting with “Negotiation and Prioritization of Requirements
(Prio)”. For that challenge Questionnaires might be used as well.

– Questionnaires also could help

– User Stories also helps with “Expertise from team or use (Exp)” as it is a
way to express user needs in an informal way [171] and improves collaboration
among stakeholders [39]

– Questionnaires are also resourceful in retrieving non-functional requirements,
by handling multiple choices [32] and focused questions easy to tabulate [231]

d. Project do not have previous documentation and customers do not have
time and do not know how to explain it. As long as it does not jeopardize the
work, user is willing to demonstrate by using the legacy software that is in
place. Also, non-functional requirements, such as lack of security or perfor-
mance are old complains and are some drivers for the development project.
Finally, it is not clear which currently functionalities the new software should
cover.

Again, there are some categories of challenges that can be identified by this last exam-
ple: “Documentation (Doc)”, as previous documentation is not available; “Expertise from
team or use (Exp)”, as user does not not know to explain it; Quality or non-functional re-
quirements are some of the reasons that the project was designed leading to the “Require-
ments Elicitation work (REw)”; also there isn’t a firm definition about which functions
the software should have which implies that “Scope and Volatility of the Requirements
(Vol)” might be present as well. One important information lies into the example, the
wiliness of the user to demonstrate how he currently works.

• Observation or Ethnography + User Stories + Interview or Prototyping

– Observation can help with “Documentation (Doc)” as it is useful to review
definitions and requirements [101], [32] and in identifying needs of the user
[209]. The same applies to Ethnography which can be resourceful for unstruc-
tured data [216] and in-depth findings [215]

– User Stories can be helpful with “Expertise from team or use (Exp)” as it
represents a way to express user needs [171] and improves collaboration of users
[39]
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– Interviews or Prototyping are two techniques that can assist with “Scope
and Volatility of the Requirements (Vol)” depending on the source of the prob-
lem. If the problem is more focused in avoid misinterpretation of the require-
ments [226], [224] then Interview could be the option whereas Prototyping
could be used in case there is a necessity to same development and interface
definition time [109], [32]

– Ethnography could be used for “Requirements Elicitation work (REw)” as it
is useful in identifying the user motivation to use the system [209]

Finally, in this fictional scenario, the user can demonstrate the functions by using the
current software, but as long as it does not interfere in the work. This situation happens in
day by day projects, and that is one reason to not use, for instance, Observation, specially
the active observation, as one of its downsides, as presented in table 4.4 the person being
observed should accept this situation [164]. Also active observations interrupt the users
operations as the engineer interacts with the user.

In fact, by referencing the the tables 3.14 and 3.17, the reader can see that there are
a few options of techniques that could be combined in agreement to their characteristics
and accordingly with the preference or knowledge of the engineer responsible for the RE
activity.

RQ.3. Summary: Research found that combinations elevates the quality of re-
quirements elicitation phase. In literature the most referenced are “Prototyping and
User Stories”; “Prototyping and Questionnaires”; “User Stories and Interview”; and
“Interview and Prototyping”. Also, the technique of Interview was mentioned as
a possibility for combination with almost any other technique. In addition, this
section presented the table 3.17 containing the techniques that could assist for each
challenge with a few possibilities being demonstrated Section 3.3.3 based on the
strengths of each technique that are presented in Chapter 4.

3.4 Survey

3.4.1 Survey Protocol

The survey follows the protocol suggested by Linaker et at [249] which aims to clarifies
the objectives, population, design and procedures taken into consideration when creating
and executing the survey.
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Research Objective

The objective of the opinion-based survey was to confront the data gathered from the
systematic literature review trying to find either a confirmation or a different trend on
the use of techniques. We view the poll as a complementary action for the literature
review. In the SLR detailed in the previous section 3.1 we described the objective of
identify requirement elicitation (RE) techniques and challenges related to the RE tasks in
order to suggest some combinations that could help overcome the challenges. This survey
was designed with the intention to verify which of the identified techniques are actually
known and used by the community as well as which challenges are perceived.

In other words, this research is not intended to be exhaustive in relation to the findings,
but rather to provide additional information to readers about elicitation techniques. For
all these reasons, we understand that the research would only corroborate or contradict
the results identified in the SLR as a way of complementing the study.

Target Population

The target for this survey are all the community of engineers and analysts that work
with Requirements Elicitation (RE), in special the ones that work with Agile Software
Development (ASD).

We did not select the so-called specialists to answer the poll, instead we left the survey
open to the agile software community. The reason for this is because we understand
that any selection of experts to answer the survey would be a subjective selection and,
consequently, biased as we are appointing experts based only on our circle of relationship
and areas of knowledge. Still, we emphasized that the survey was targeted at technology
practitioners.

Sampling Frame

Although the questionnaire can be applied to anyone in the interest area, i.e. engineers,
analysts, managers or other related to requirements area, since participants were recruited
primarily through personal contacts, most of the participants are from Brazil due to
relationships on or out social medias, university or work that were used to disclose the
questionnaire.

Therefore, after we have identified some elicitation techniques described in the litera-
ture, we continued this work, and double-checked if the identified requirements elicitation
techniques are used or known, in the industry by the agile software development teams,
at least for the near community by conducting this online survey with the information
and communications technology teams.
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Questionnaire Design

The survey was presented in two main languages, English and Portuguese having a total
of fifteen (15) questions. The questionnaire was built and distributed through the Google
Forms platform and it was opened by around ninety days and the burden time to provide
the answers was about twenty (20) to twenty five (25) minutes.

The target audience had to consent that participation was anonymous, voluntary, and
with the exclusive purpose of contributing to the success of the research, in addition
to the fact that the responses collected could be stored in perpetuity, which could be
used anytime for journal publications, conferences, and blog posts. Moreover, they could
leave the survey any time before clicking the send button without any discomfort since
the process of responding was unsupervised. Finally, an email was provided in case
participants had any problems or questions to the researchers

It initiates with the qualification of the respondent by asking for the location (country,
state and/or city), gender, age, level of education and employment status. There are no
plans to extract respondents or analyze sex or location correlations with responses. These
are just informational questions to have a more accurate view of the respondents’ profile.

The survey also requests a confirmation of the area of expertise and experience of
the respondent, as well, as it checks whether the participant is or not involved in Agile
Projects. On this hand, it is interesting to have this information and correlate experience
and age with the specific answers about knowledge of the techniques presented in the
survey. There is a total of eight (8) questions to qualify the respondent as shown in Table
3.18 Survey: Qualification questions. For a complete view of the questions and answering
options, please refer to the appendix A.

Number Questions to qualify respondents
Q1 Please state the Country, State and City that you work.
Q2 What is your gender?
Q3 What is your age range?
Q4 What is your level of education?
Q5 What is your employment status?
Q6 How many years of experience do you have in Software Development?
Q7 Do you work or is involved with Agile Projects?
Q8 What is your main area of expertise (or main role)?

Table 3.18: Survey: Background questions

The second part of the poll is focused on assessing the felling of the respondent in
terms of level of difficulty being considered for the requirements elicitation phase. Also,
it requires some evaluation from the participant about thirty (30) of the most elicitation
techniques usually employed in this phase.
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Continuing the second part the participant is asked to provide with his or her view
about requirement elicitation challenges, strengths (pros) and weakness (cons) of the cited
techniques. It is also possible to contribute with suggestions of techniques one is familiar
with and are not listed in the poll. Finalizing the poll there is a final question when one
can state this contact number or email in case one wants to take part of any more detailed
interview. The last four (4) questions are not mandatory. One important remark, to make
sure we could have a clear view from the respondents we added the words gathering and
specification as synonym of elicitation. Once again, the complete form of the survey is at
appendix A.

Number Questions about elicitation
Q9 How difficult do you consider gathering or elicit the correct requirements

for a project, system or application?
Q10 Please state which of the following tools and practices you are familiar

and the level of knowledge.
Q11 What are the main challenges on requirements specification / gathering /

elicitation phase ?
Q12 From your knowledge, please state the pros and cons of the tools, practices

or techniques you most use?
Q13 Do you use or is familiar with any technique, tool or practice not listed?

Please describe the pros and cons of it.
Q14 Based on your answers, is there any tool, practice or technique that your

knowledge is not good or excellent and you would like to learn and use?
Q15 We will send a more detailed questionnaire to some of the respondents for

further developments. In case you have interest in having a more detailed
discussion please state your name and e-mail.

Table 3.19: Survey questions - elicitation

3.4.2 Answers and Analysis

Once the systematic literature review was finalized the opinion-based survey was closed
as well and the results had been analyzed.

Respondents profile

The initial questions were defined to qualify the respondents in terms country or location
they live, gender, age, employment status and level of education. Due our own location
and community relationship, the qualification showed us, as expected, that most of the
respondents are from Brazil, however, it is interesting to highlight that two answers came
from different countries, one from United States of America and another from Portugal.
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Regarding the other qualification questions most of the respondents are male as a
gender and the great majority of the participants are a full time employee working with
Agile Projects. We also had most of the answers in a specific option on the level of
education and years of experience. Related to the others qualification questions, the
numbers were less prone to a specific direction with more than one option sharing the
higher numbers. The Figure 3.9 “Profile of the respondents” gives a better view of the
numbers. The Figure 3.9 presents the statistics for questions Q.2, Q.3 and Q.4 presented
in Table 3.18.

Male

79%

Female

21%

(a) Gender

12%

12%15%

15%

24% 18%

4%

21 to 25
26 to 30
31 to 36
37 to 42
43 to 47
48 to 54
55 or more

(b) Age (years)

24%

4%

67% 6%

Master’s degree
High School
Bachelor graduate
Doctorate

(c) Educational level

Figure 3.9: Profile of survey respondents.

According to the statistics 79% of the respondents are men, while 21% are women. No
one self-declared as non-binary and not declared at all, as for question Q.2 (3.18), shown
in Figure 3.9 (a). Also, in terms of age range, related to Q.3 (3.18), we had a well-balanced
percentage with 24% of the participants being from 43 to 47 years old followed by 18%
from 48 to 54 years old, a number of 15% for the ranges of 37 to 42 and 31 to 36 years
old whereas the ranges of 21 to 25 and 26 to 30 years old being 12% of the respondents.
Finally, only 4% are participants with 55 or more years old, as shown in Figure 3.9 (b).

Regarding to the level of education, question Q.4 (3.18), an important item for the
poll qualification, the results showed around 67% as being graduated, while 24% declared
themselves with master degree. Interesting to mention that no one declared as a doctor
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Self-employed
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(a) employment status

4%

12%
18%

9%

57%

less than 1 year
1 to 3 years
+3 to 6 years
+6 to 10 years
more than 10 years

(b) Years of experience

94%
6%

Yes
No

(c) Working with Agile Projects

Figure 3.10: Profile of survey respondents.

or post-doctor degree, although there are many within the community with this profile,
as shown in Figure 3.9 (c).

The next four questions were related to professional profile. We initiate the assessment
by questioning the respondent employment status (question Q.5 - 3.18), with the range
of possible options being: student, unemployed, self-employed, part time or full time
employed. Also the option “other” was included to cover any other possibility. The
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results showed that 88% are full time employed, 6% had declared as Student whereas 3%
presented themselves as either self-employed or part-time employed, as shown in Figure
3.10 (a).

The qualification continued with the checking about the level of experience in Software
development (question Q.6 - 3.18), which showed that the most of the respondents (57%)
have more than ten (10) years of experience (Figure 3.10 (b)), and the great majority
(94%) is related to Agile projects, as shown in Figure 3.10 (c), for question Q.7 - 3.18).

Finally, the last qualification question and one of great importance, are related to the
area of expertise the respondent is involved or experienced in. The Figure 3.11 illustrates
the results for question Q.8 (3.18). In terms of numbers, 39% as developers or involved
in the development area. Also, the same percentage of 39% is experienced or involved in
management area, whereas 12% present themselves as analysts or requirement engineers
and 4% are within database administration or modeling area. Finally, 6% are involved in
other areas, such as, data science, as shown in Figure 3.11.

Database
4%

Development

39%Other
6%

Management

39% Analyst
12%

Figure 3.11: Area of expertise of the respondents

Analyzing the Challenges

Another piece of the poll relates to the requirements elicitation challenges. The main
idea is to give a glimpse of the more cited challenges to cross with the ones encountered
during the Systematic Literature Review. As requirements elicitation is considered, in
many studies, as one of the most challenging phases of software development, we asked
respondents to present the level of difficulty perceived by them for the correct elicitation
or collection of requirements in a project, system or application. The Figure 3.12 presents
the statistics for the question Q.9 from Table 3.19.
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Figure 3.12: Degree of difficulty perceived by the respondents in obtaining requirements.

In a simple and straight analysis, we can cluster the results in three levels, assuming
that any level eight or higher shall be considered as very difficult as well as levels one to
four shall be considered the opposite view as not difficult and levels five to seven as regular
or not so hard to perform. One can see the requirements elicitation phase is considered
by 42% as very difficult, whereas 45% considered as regular and only 12% analyzed this
phase as easy to accomplish. The level of difficulty perceived by respondents and each
grade can be seen in the Figure 3.12. Also, we granted an open question (Q.11 from Table
3.19) to give the respondents a chance to provide what challenges were, in their view, the
most relevant. Here is a compiled list with the five most relevant:

• lack of consistency or ability of the customer to explain what he really wants.

• lack of sponsorship.

• difficulties to extract the requirements from the customer.

• understand and translate the problem to be solved.

• uncover the requirements that customer does not inform.

These answers are, in essence, similar to the ones retrieved from the systematic lit-
erature review, which mostly described issues such as: poor communication [109], [173],
[155], [181], [182], [159], [168], stakeholder engagement and availability [155], [160], [160],
[158], [168], [60], lack of a strong sponsor [181], difficulties in translating requirements
[150], [176], [168], prioritization problems [173], [109], [174], [160], poor documentation
[109], [167], [174], [155], [176], [160], [181], [182].
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Analyzing the Techniques

Level of knowledge

The main goal on the question about Level of knowledge (question Q.10 from Ta-
ble 3.19) was to understand the techniques that were most familiar for the community
and in which level they were. The results brought the scenario that Interview was the
technique with the best percentage of knowledge of respondents with 80% considering
their knowledge as in good or excellent level. It was followed by Prototyping with 76%,
and then trailed by Documentation or Data Analysis with 70%, Brainstorming with 66%
and User stories accounting for 65% as one can see in the figure 3.13. Also to be high-
lighted are the results for Use Cases, which 61% of respondents declared good or excellent
knowledge of the technique, on the other hand, the Use Cases technique had one of the
most balanced results with similar percentages for average, good and excellent, including
one of the highest percentages of respondents who reported having knowledge at a level
of excellence (28%), also shown in the Figure 3.13.

Among the techniques which had at least one answer, the least and most unfamiliar
technique stated was the Laddering with 76% being declared as poor knowledge. This
technique was followed by Blueprint with 62%, JAD and QFD with 57% and, surprisingly,
by Ethnography, a traditional technique, with 56%. All results for least known techniques
can be seen in the Figure 3.14.

These results confirmed the tendency that the traditional techniques are the more
familiar ones, at least in the community of the participants of this poll, with the exception
of Ethnography which is being around for decades by now, however, at least in this
community of respondents, is perceived as non-familiar technique.

Declared Pros and Cons

In another question (Q.12 - Table 3.19) it was requested to the respondents to de-
clare which characteristics they view as the pros and cons of any of the techniques they
were familiar with. Many answers were focused on Interview, Use Cases and User Stories
techniques, so Table 3.20 presents a compiled view for these techniques.

Going further

The poll also searched to uncover two other interesting scenarios. First, it requested to
the participants to inform whether there was any other technique not listed in the poll
that they were familiar with (Q.13 - Table 3.19). Although a few techniques are worth
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Figure 3.13: RE Techniques - Level of knowledge of respondents - part 1
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Figure 3.14: RE Techniques - Level of knowledge of respondents - part 2
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Technique Pros Cons
Interview can be planned to be simple and

straight forward
useful to direct initial require-
ments

might be time consuming
cannot elicit implicit or intuitive
requirements
depends heavily on the ability of
the interviewer

Prototyping very visual and straight forward
useful for interfaces and for test-
ing real-feel of the solutions

risk of customer oversimplifies the
time for the real solution

Document or
Data Analysis

less expensive that collect the
data
once access is granted does not
require aligned agendas with cus-
tomer

bias in selecting documents
time to find useful information
throughout the documents
difficulties in accessing the data

Brainstorming when people are willing to partici-
pate it gathers much more volume
of requirements
for simple requirements it can
help consensus among stakehold-
ers

not all stakeholders have the pro-
file and good will to participate
it requires someone experienced
to conduct the sessions

User Stories simple format makes easy to doc-
ument and comprehend the re-
quirement

sometimes shallow and imprecise
making hard to discover the real
requirement
quite time consuming and repeti-
tive

Use Cases useful to confront users in case of
questions or discordance on the
delivery requirements

time consuming and usually hard
for customers to read and under-
stand
not adequate for complex systems
as long as become more extensive
it is harder to be updated

Table 3.20: Pros and cons of most cited techniques

to mention, this question uncovered a common difficulty in the software development
community, which is the mixing of the purposes of existing tools and techniques. Some
answers pointed out practices of Scrum, Lean and Kanban, others pointed DevOps and
Process Automation. To avoid bypassing these cited practices the list below gives a short
description about them.

• Lean manufacturing aims in delivering maximum value to the customer by re-
ducing waste, controlling variability, maximizing the flow of information, focusing
on the whole process, and not on local improvements [250].

• Scrum is a framework within which people can address complex adaptive problems,
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while productively and creatively delivering products of the highest possible value.
It is not about increasing productivity or making the software development process
more efficient [251].

• Kanban is an evolutionary change method that utilizes a pull system, visualization,
and other tools to catalyze the introduction of Lean ideas, allowing teams to respond
to dynamic changes, increase quality, reduce waste and improve predictability [250].

• Business Process Automation (BPA) is viewed as the automation of complex
business processes and functions beyond conventional data manipulation and record-
keeping activities [252].

• DevOps is defined as a paradigm, method or set of practices (and principles) that
enables communication and collaboration for an efficient team working between
developers and operators [253].

On the contrary, some newsworthy techniques were cited such as: MVP driven, Scrap-
ping, Product Vision Box, Elevator Statement and Business Process Modelling (BPM).
These techniques are beyond the scope of this study since they were not discovered either
during the Systematic Literature Review or during initial tasks of this study.

Another interesting question (Q.14 - Table 3.19) to be mentioned is about which
technique the participant sees their knowledge as poor or average and would be interested
in improving their ability to work in it. A few techniques were mentioned showing the
community really recognizes their gaps. The most mentioned techniques were: 1. Design
Thinking; Persona; Mind Mapping; Test-Driven Design; Laddering; Joint Application
Development (JAD). Also, Design Thinking concentrated around 20% of the answers on
this matter.

3.5 Threats to Validity

This Section describes the threats to validity from this systematic literature review, and
respective mitigation strategies.

• Search string: As well stated by Jarzebowski and Weichbroth [150], the limitation
of any systematic literature review is the possible selection bias caused by a non-
optimal search string. It is not different in this study. We made an effort to define
the search string in an iterative manner working with other researchers to validity
the string including running searches and assessing the results. The search string
included several synonyms and alternative terms used by software engineers. We
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cannot, however completely exclude the possibility that some authors of relevant
papers could have used other, less common terms and as a result, such papers were
not found, therefore it is possible that not all interesting papers were covered by the
defined search string.

• Language: Another possible weakness of this study’ approach is that we focused on
papers written in English, Portuguese or Spanish languages and it is possible that
relevant papers written in languages other than these were not captured.

• Inclusion/Exclusion criteria: Another possible limitation concerns invalid choices
regarding a article’s inclusion/exclusion. The papers went through a two-round
process of review and analysis. First this researcher analyzed the papers, excluding
only the studies that were absolutely clear that were either duplicated or not related
to Agile Software Development (ASD). In the second round, any study that was
initially a question mark whether to include or exclude was entirely reanalyzed.
Still, if there was any question about the contribution of the paper, it was then
promoted to the quality assessment phase. Although, this researcher had extra care
in analyzing the papers, an addition of a second researcher would be valuable to
diminish the possible bias of the application of inclusion/exclusion criteria.

• Validity: As a systematic literature review aim to a specific topic, it is always
possible that these results cannot be generalized since there might be terms and
written papers that were not retrieved either in the automatic search string nor in
the manual investigation. Even though we followed Kitchenham’s [106] suggested
process, there is some limitation regarding validity: (1) the data extraction process
was carried out by a single researcher (even though guidance was retrieved from the
masters advisor who is an experienced researcher); (2) the search did not consider
all existing journals and conferences that could might carry relevant information.

• Poll Survey: Sample size: due to the limited number of participants, there is a
limitation in the conclusion of the results and, as such, they are considered indicative
and not conclusive.

Location of respondents: most of the participants are from Brazil, which makes the
answers very difficult to generalize to other profiles or countries due to the aspect
of the locality or region of the participants. The survey was distributed among
researchers and professionals linked to the community, university and work of the
researcher and his relations, therefore most of the respondents are from Brazil and
it cannot be expanded to represent the whole community.
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Questionnaire: it is not possible to guarantee that all participants have understood
in the same way all the questions. To minimize this threat we initially submitted the
questionnaire to the advisor and to reviewers outside of the information technology
area.

Combinations: due to time constraints to work in real projects the combinations
were not tested, and the validation was performed by a Focus Group 4.3, therefore
some of the combinations might not perform as expected in real world.

Survey Summary: The outcome confirmed that the more traditional and known
techniques are Interview, Prototyping, Brainstorming and User Stories whereas
Laddering, Ethnography, Blueprint and Quality Function Deployment (QFD) are
the least familiar to the community. In addition, it uncovered a common difficulty in
the software development community, which is confusing techniques with practices,
such as Scrum, Lean, Kanban or DevOps. Finally, the survey indicated a few
different techniques beyond the scope of the guide such as Elevator Statement,
Product Vision Box, MVP driven, Scrapping and Business Process Modelling.

3.6 Chapter Summary

In this Chapter a Systematic Literature Review was described and conducted to iden-
tify the requirements elicitation techniques used by the Software Development teams and
Information technology and communications professionals involved in the Agile Software
Development. The SLR was composed of automatic and manual searches, performed in
digital libraries, journals and conferences. We started SLR by creating a search string per-
formed on indexing databases. The string returned 478 papers, of which, after analyzing
the title, authors and year of publication and abstracts, 89 were considered duplicates and
another 291 were rejected. On the other hand, after a manual investigation in journals
and conferences, 18 papers were added to this study. Finally, after quality assessment
54 studies were selected. These papers revealed that the most investigated techniques
are: Interview, Brainstorming, Ethnography, Observation, Prototyping, Questionnaires,
Scenarios, Use Case and User Stories.

Furthermore, a few other techniques are mentioned, such as, Data or Documentation
Analysis, Design Thinking, Feature-Driven Design (FDD), Goal-based Analysis, Joint Ap-
plication Design (JAD), Journey Maps, Laddering, Legacy system analysis, Mind Map-
ping, Participatory Design, Persona, Rational Unified Process (RUP), Quality Factor
Development (QFD), Storyboards, Survey and Workshop.
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Also, the uncovered challenges were distributed in categories to simplify the reading
and understanding. The categories are: Documentation (Doc), Communication (Comm),
Translation of Requirements (Trl), Stakeholder Engagement and Availability (Engg),
Scope and Volatility of the Requirements (Vol), Complexity and Scalability of the Projects
(Cplx), Negotiation and Prioritization of Requirements (Prio), Expertise from team or
user (Exp), Requirements Elicitation work (REw), Architecture and Software Quality
(Qlty), Culture and Environment (Cult) and Other, assumptions, team issues (Oth) with
the first four being the most cited within the selected studies.

Moreover, to complement the analysis, a poll survey was held within the community
to confront the data gathered in the SLR in terms of the views of Agile challenges,
requirements elicitation techniques and its strengths and weakness, as well, as to identify
views and attempts of using different combinations to overcome the known challenges
and issues of Agile model. Specialists were not nominated or selected to grant their view,
instead, in order to diminish the bias regarding the results, we spread the poll to reach a
wide spectrum of profiles being the respondents. The results reinforced a similar list of
challenges and how the community is familiar with traditional techniques.
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Chapter 4

Conceptual analysis - Description of
Elicitation Techniques

This Chapter presents the main aspects involving the decision-making in the development
of this study, its conception and presentation. Also this chapter is outlined by the de-
scription of the techniques found either in the literature review or found as a result of the
survey. Nevertheless, there is no certain that one technique would be suffice for all kinds
of projects. The quality and shortcoming of every strategy and tools depends upon the
unique circumstance and circumstance [126].

4.1 Scope of this study

Among the most cited challenges, according to Table 3.11 (Chapter 3), are the lack of
documentation, lack of customer involvement, difficulty of agile processes in dealing with
complex projects, difficulties in dealing with non-functional requirements and inadequate
prioritization of requirements. None of these challenges, and many others, can be solved
using agile practices alone. On the contrary, it requires the sensitivity of the team to use
different techniques, which, when combined, can help to understand different parts of the
software and product context in order to be able to recognize, delimit and describe the
requirements from the most diverse points of view necessary for the delivery of products.
a complete software that adheres to what the customer expects.

Instead of creating yet another framework, we understand that it is necessary to
present requirements elicitation techniques, with their characteristics, strengths and weak-
nesses so that they can be used by requirements engineering practitioners in order to
achieve a complete description of the expected product or service.

Based on what we have learned from all the analyzed studies we understand that jump
straight into development and collect requirements as you go jeopardizes the requirements
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elicitation. Under no circumstances, this means a return to traditional models since the
need for agility is urgent nowadays, but rather a small step back at the beginning of
projects seeking to obtain a greater clarity of objectives and, as a result, less errors
and refactoring to accommodate requirements that were not properly analyzed at the
beginning of the projects.

There are a few guides already created and published over the world wide web, as one
can see in Table 3.16, so instead of actually publish another guide we focused in analyzing
strengths and weakness and direct some examples that describe techniques and examples
to be used by Agile Software Development community.

So, this work intends specially to provide some basics from pros and cons of require-
ments elicitation techniques in order to assist analysts and engineers.

4.1.1 Conceptual Proposal

When deciding which techniques to include in this study, we first carried a SLR and a Poll
Survey to understand which ones were being discussed in the literature and also are noted
in the industry as well. After the investigation we define a list of techniques to go deep
in analyzing strengths and weakness which can be seen in the section 4.2. Techniques
Description.

As already mentioned in RQ.3 (Section 3.3.3), the main idea was to analyzed each
of the techniques elected in this study for its strengths and weakness and based on this
information (pros and cons) apply the techniques to the challenge categories that they
would be able to assist the community. Although there are two Tables (3.17, 3.14) in
the Chapter 3 (Section 3.1) we understand that the Figure 4.1 presents a simplified view
about which technique could help in each of the identified challenges.

Figure 4.1 to check which technique or techniques would be able to assist according
to the project or company environment one is dealing. Figure shows the information in
two perspectives, one it is possible to check which challenges one technique can assist, by
verifying the presence of the icon in each category box; and two, check which techniques
can assist in one specific challenge. By combining both views, the reader is able to notice
that, for instance, “Workshop” can assist with “Stakeholder Engagement and Availability”
and “Scope and Volatility of the Requirements”.

Moreover, the Figure 4.1 do not show combinations of techniques, instead it focus on
the relation between challenges and the techniques that can help practitioners to overcome
them.
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Figure 4.1: Techniques and the challenges they can cover
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4.2 Techniques Description

4.2.1 Basic concepts

Throughout the requirement engineering elicitation process there are several techniques
designed to help the practitioners in each specific phase [254], [255], [256], [257], [32],
[158], [159], [39], [65], [258], [46]. The most suitable technique selection requires in-depth
knowledge of the problem domain, techniques available, and requirement sources (domain
experts, organization, market, users, and customers) from where requirement collection
is carried out [259].

From the complete list of requirements elicitation techniques identified in either the
Systematic Literature Review (SLR) or through the Survey done with practitioners we
have selected the most referenced ones to in-depth studies, therefore in the following
sections we describe “Analysis of Legacy Systems”, “Brainstorming”, “Data and Docu-
ment Analysis”, “Ethnography”, “Feature-driven design (FDD)”, “Focus Groups”, “Inter-
view”, “Joint Application Development (JAD)”, “Laddering”, “Mind Mapping”, “Obser-
vation”, “Persona”, “Prototyping”, “Quality Function Deployment (QFD)”, “Question-
naires”, “Scenarios”, “Stakeholders Analysis”, “Storyboards”, “User Stories” and “Work-
shop”.

4.2.2 Analysis of Legacy Systems

Also called, Legacy Systems Analysis or Old system analysis is when the data is gathered
for a system to replace an existing one. It is useful technique to collect the depth knowledge
of system [207]. When using this technique it is necessary to be very careful to not over
analyze the existing (or legacy) system as there is a risk in trying to replicate the old
system making the new system becoming too constrained [207]. Analysis of the Legacy
systems helps to understand the exact situation of the system and its entire process [208].
Table 4.1 shows some of the strengths or pros, as well as the weakness or cons investigated
and collected in this research.

Strengths (pros) Weakness (cons)
can uncover a large amount of knowledge
[207]

over analyzing the existing system and the
new system become too constrained [207]

great foundation to for further develop-
ment [208]

risk in constrain the new system based on
the old one [207]

Table 4.1: Analysis of legacy systems pros and cons
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4.2.3 Brainstorming

Brainstorming is a meeting in which each participant can freely express its idea of the
system requirements [211]. A brainstorming session typically occurs in a panel format
and includes a leader (or facilitator), recorder, and around 10 members [210]. It enables a
group of people to take advantage of conventional an logical thinking, as well as embracing
spontaneity [65].

It is a way to attune the user’s mind to the requirements [191] as it is an open discussion
forum which is organized where all stakeholders share their ideas, inputs, suggestions in
the form of requirements and, these requirements are then documented for future analysis
[136]. Table 4.2 shows some of the strengths or pros, as well as the weakness or cons
investigated and collected in this research.

Strengths (pros) Weakness (cons)
allows the discovery of new and innovative
solutions to existing problems [209]

lack of participant preparation for brain-
storming [210]

allow consensus and improves the working
atmosphere [209]

lack of advanced tools or creative ap-
proaches to complement the brainstorm-
ing process [210]

stimulates creativity [211] many of brainstorming ideas may not be
quality ideas [209]

help to answer specific questions [210] not for all users. Might consider user ex-
perience for the correct use of the brain-
storming [211]

Table 4.2: Brainstorming pros and cons

4.2.4 Data and Document analysis

It is a systematic procedure for reviewing or evaluating documents—both printed and elec-
tronic (computer-based and Internet-transmitted) material. Like other analytical methods
in qualitative research, document analysis requires that data be examined and interpreted
in order to elicit meaning, gain understanding, and develop empirical knowledge [260].

Documentation analysis is the process of analyze the documents related to the problem
domain to gather the information, which is flow with in the organization. It is a useful
technique to find in-depth knowledge about a particular task [207].

Table 4.3 shows some of the strengths or pros, as well as the weakness or cons inves-
tigated and collected in this research.

89



Strengths (pros) Weakness (cons)
Cost-effectiveness [212]. Documentation is not available [213].
Lack of obtrusiveness and reactivity [212]. Biased selection [213], [214].
investigator’s presence does not alter what
is being studied [214].

Documents are produced for specific pur-
pose so might have insufficient details
[212].

Table 4.3: Data and Document analysis pros and cons

4.2.5 Ethnography

It is an observational technique where an analyst studies a culture or an environment
in order to deduce requirement [65]. Ethnography emphasizes the perspective of seeing
things from the side of those under study [215].

A single requirement engineer may participate in a given environment in order to
understand given cultural activities and way of life of its environment [65], however the
requirement engineer should be able to listen, show interest in what people say and do
to complete the task [215]. The Table 4.4 shows some of the strengths or pros, as well as
the weakness or cons investigated and collected in this research.

Strengths (pros) Weakness (cons)
it provides insight to a user’ own motiva-
tion to use the system [209]

time consuming for larger projects or com-
plex requirements [101]

helps in identifying needs of the user who
even the users may not be aware [209]

researcher needs to have a deep knowledge
of the problem domain [215]

useful for unstructured data [216] interacts with a user or social group [216]
useful to provide in-depth findings [215] it is difficult to analyze the social require-

ments of the people [209], [217]

Table 4.4: Ethnography pros and cons

4.2.6 Feature-driven design (FDD)

FDD uses short interactions to develop a functional software and it mainly focuses on
design and building phases of software development [219], [221]. There are five sub pro-
cesses that have clearly defined entry and exit criteria in FDD which are: Develop an
Overall Model, Build a Features List, Plan by Feature, Design by Feature and Build by
Feature [221], [218], [219].

The Table 4.5 shows some of the strengths or pros, as well as the weakness or cons
investigated and collected in this research.
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Strengths (pros) Weakness (cons)
focus in improving quality [218] does not provide guidance about whole de-

velopment process rather it mainly focuses
on design and building phases of software
development [219]

helps to get early feedback [218] lacks the ability to response rapidly chang-
ing requirements [220]

produces workable and tangible indepen-
dent feature on every iteration [221]

greatly relies on staff’s experience and ca-
pabilities for successful execution of the
development process [220]

Table 4.5: Feature-driven design (FDD) pros and cons

4.2.7 Focus Groups

Focus Groups is “non-standard” technique of information gathering, based on an appar-
ently informal discussion among a group of people [222]. The debate is lead by a mod-
erator who directs the discussion according the purposes outlined on the participants’
characteristics [223], [222]. There is also the role of the Observer, who is interested in
the non-verbal behavior emerging from the interaction and integrates verbal information
rising from the conversation [209], [222].

The Table 4.6 shows some of the strengths or pros, as well as the weakness or cons
investigated and collected in this research.

Strengths (pros) Weakness (cons)
data is gathered quickly [209]. volume of data can be hard to summarize

or classify [223].
easy-to-organize and inexpensive tech-
nique [222].

can be hijacked by dominant participant
[223].

can tackle sensitive points [223] rely heavily in the experience and skills of
the moderator [223], [222].

encourage participants that avoid individ-
ual interviews to provide their view [223].

for sensitive topics, it can be hard to get
honest insights [209].

examines issues in a holistic manner [223]. does not perform well with very heteroge-
neous groups [222].

Table 4.6: Focus Groups pros and cons

4.2.8 Interview

Interviews are generically defined as an interaction among two or more people with direct
contact for at least one party to learn something from the other [223]. The interviews
were considered effective in either global software development (GSD) or traditional en-
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vironments because these enable analysts to obtain more detailed information depending
on the quality of the formulated questions [39].

The are different types of Interviews and usually the more accepted are:

• Structured - follows a rigid script

• Semi-structured - allows views and opinions sill follows a script

• Non-structured - presents a theme and rely on spontaneous generation of questions
during the interview

Also, according to the type of the interview, it can use close or open questions and
quantitative and qualitative data [223]. The Table 4.7 shows some of the strengths or
pros, as well as the weakness or cons investigated and collected in this research.

Strengths (pros) Weakness (cons)
flexible [224], [223] time consuming to set up and conduct

[225], [223]
possibility of high response rate [225],
[224]

risk of interviewer bias [225], [223], [224]

possibility to correct and avoid misinter-
pretation [226], [224]

dependent on the skill of the interviewer
and capacity and cooperation of the re-
spondents [223]

Need only fewer participants to provide
useful and relevant insights [224]

can generate data difficult to analyze [223]

can involve reality [226] respondent must be wised selected [224],
[226]

Table 4.7: Interview pros and cons

In addition, Interviews can easily incorporate other elicitation processes [223].

4.2.9 Joint Application Development (JAD)

JAD is a technique where groups of stakeholders and management work together towards
building a project [65]. It involves all the available stakeholders investigating through
general discussion both the problems to be solved, and the available solutions to those
problems [99]. The various participants from same or different domains are directly in-
volved with a highly structured interview is employed over a period of three to six months.
[65].

The Table 4.8 shows some of the strengths or pros, as well as the weakness or cons
investigated and collected in this research.
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Strengths (pros) Weakness (cons)
rapid decision making about the problem
and its solution [217].

demands engineer with high skills in the
technique [65], [32].

handles well the changeability in require-
ments [217], [39].

possibility of creating scope creep in a
project if the customer’s requirements are
not managed well [127].

provides a direct communication and co-
operation among stakeholders, useful for
conflict resolution [39], [217], [32].

the selection of people to participate in
the workshops may alter or bias the
results.[209].

promotes user feedback [32]. requires a huge experience in problem do-
main [217], [126].

useful for non-functional requirements
[39].

cost and time consuming [32], [65], [126].

effective for understanding social issues
and knowledge from the domain [39].

when not properly planned can lead to
wastage of resources and time [32].

Table 4.8: Joint application development (JAD) pros and cons

4.2.10 Laddering

Laddering is a sort of interview where questions are arranged in a hierarchical format [32].
A series of simple questions are asked from the stakeholders which are answered in a clear
way by them [217].

It is usually divided in three phases: create, review and motivation and it is similar
to a structured interview [60]. Stakeholder domain information is vital for the success of
this technique [217]. The Table 4.9 shows some of the strengths or pros, as well as the
weakness or cons investigated and collected in this research.

Strengths (pros) Weakness (cons)
close contact with stakeholders [217] it is long and time consuming technique

[32].
help prioritization of stakeholders needs
[217]

technique becomes complex when require-
ments are in large number [32], [217].

organize requirements in hierarchical for-
mat that is easy to understand [217]

it assumes that knowledge is possible to
be hierarchically arranged [60]

can be used in collect the tacit require-
ments. [60].

maintenance is hard in case of volatility of
requirements [217], [32].

Table 4.9: Laddering pros and cons

4.2.11 Mind Mapping

Mind Mapping is a technique where a diagram is used to connect ideas and concepts
based on a central or main idea, word or concept [175]. This technique is going to branch
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factors to the main tasks to make sure none of the important aspects of any of the tasks
is ignored, and the requirements tracked in this way are easy to retract [109]

Mind Mapping encourages people to think of, organize and represent information
within a radial hierarchy, by locating the most important concept at the center of a given
diagram and relate it to other concepts [183]. In this diagram, if we think the most
important are remembered first, the elements are ranked intuitively in accordance with
the importance of the concepts related to a domain [175].

The Table 4.10 shows some of the strengths or pros, as well as the weakness or cons
investigated and collected in this research.

Strengths (pros) Weakness (cons)
assists on information visualization and
organization [158].

relatively time consuming [227].

helps associate or group ideas [175]. people tend to write lists instead of dia-
grams [227].

promotes creativity and innovation [175]. find an effective keyword for a subject is
not easy for all types of users [228].

makes it easier for the human mind to pro-
cess information better, by reducing the
cognitive load [175].

links being made are limited to simple as-
sociations [229].

promotes people to work together and in-
creases productivity and memory reten-
tion [183].

limited in dealing with more complex rela-
tionships and can become inconsistent in
terms of details [229].

Table 4.10: Mind Mapping pros and cons

4.2.12 Observation

In the Observation technique, the requirements engineer observes the user‘s environment
without interfering in their work, in a passive way, in other words, not interacting with
user [146]. It is a sort of Social analysis [32]. It involves investigation of user’s work and
taking notes on the activities that take place [207].

Observation is almost always complemented with other forms of data collection such as
interviews or document analysis [146]. Requirements Engineer observes the environment
of the customer and the tasks being done to carry the process [217]. The Table 4.11 shows
some of the strengths or pros, as well as the weakness or cons investigated and collected
in this research.
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Strengths (pros) Weakness (cons)
helps in identifying needs of the user who
even the users may not be aware [209]

end users adjust themselves when be-
ing observed making the process artificial
[217]

non-verbal and contextual cues can be an-
alyzed [101].

observer must be accepted by the people
being studied [164].

useful to confirm or reviews of definitions
and requirements [101], [32].

expensive to perform in terms of the time
required [209].

inexpensive method [32]. suffer from ambiguous interpretation as
users motives are hidden and observer
viewpoints may differ [101].

Helpful in work measurements i.e. how
long particular task takes to be done [32].

it is difficult for analyst to understand why
some decisions are made [32].

can uncover dependencies between stake-
holders [169].

requires sensitivity and responsiveness to
perceive a rich picture about the work con-
text [67].

Table 4.11: Observation pros and cons

4.2.13 Persona

Persona is a description of a fictitious person that represents a larger part of the target
group [158] therefore acting as representatives of real users during the system development
[261]. This technique gathers, analyses and synthesizes information related to the users
that are to interact with the software system [230].

Persona assists understanding how and when tasks are performed [262]. The inten-
tion of Persona technique is to support the project team to gain common understanding
concerning user and stakeholder, as well as their needs and behaviors by utilizing them
as actors in user stories [171].

The idea on this technique is that it is better to understand and completely satisfy the
necessities of the critical users instead of poorly meet the needs of many [122]. Moreover,
Persona can be used as the foundation and inspirational approach to develop the applica-
tion ideas that are initially discussed [170]. The Table 4.12 shows some of the strengths
or pros, as well as the weakness or cons investigated and collected in this research.
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Strengths (pros) Weakness (cons)
helps understand the user profile and goals
[171], [77].

communication breakdown to the develop-
ment team leads to failure [230].

resulting in more prescriptive scenarios
and visual designs on how users interacts
with the system [171].

project their own goals, motivations, skills
and mental models on the software system
development [230].

helps prioritize the requirements [230],
[122].

no specification on how to document the
output of activities can lead to non-proper
description [230].

Table 4.12: Persona pros and cons

4.2.14 Prototyping

A prototype is a physical or digital embodiment of critical elements of the intended
design while Prototyping is the process of creating it [263]. Prototyping is useful in
agile requirements engineering (RE) as it enables obtaining feedback on requirements in a
light-weight fashion [184]. Also, paper prototypes and informal drawings are very useful
in discussions with users [264]. As an iterative tool it can enhance communication, enable
learning, and inform decision-making at any point in the design process [263].

Prototype is a model of the software application that supports the evaluation of de-
sign alternatives and communication [167]. A prototype can range from a simple sketch
through a mock-up or simple drawing to an incomplete version of the production software
[184]. The Table 4.13 shows some of the strengths or pros, as well as the weakness or cons
investigated and collected in this research.

Strengths (pros) Weakness (cons)
helps user engagement and promotes in-
novation [32], [170].

developer misunderstanding of user objec-
tives [109].

Support customer communication and al-
lows early user feedback for requirements
refinement [184], [170]. [32], [209].

risk of missing the big picture and thus
the overall business needs [184].

Users and team get better understanding
of the system. [32], [65].

user often resist changes if they had be-
come used to a specific kind of the system
[170].

can save development and interface defi-
nition time [32], [109], [109].

can be time consuming for complex or
larger requirements and projects [209],
[32].

useful when there is a great deal of uncer-
tainty about the requirements [65], [209].

Effort and cost estimation may get high
[32].

supports the evaluation of design alterna-
tives and communication. [167].

it can be time consuming and costly [32],
[159], [109], [39].

Table 4.13: Prototyping pros and cons
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4.2.15 Questionnaires

Questionnaires are a technique of requirement elicitation formed by a document in which
some objective questions are design sometimes along with their possible multiple options
[136]. Questionnaires yield responses that are usually easy to tabulate or score, and the
resulting data are easy to analyze [231].

To get precise results, the questionnaire should be clear, concise and structured to
obtain genuine user requirements, objective and constraints [159]. Stakeholders need to
fill in the answers which are relevant to them as per their domain knowledge [136]. The
Table 4.14 shows some of the strengths or pros, as well as the weakness or cons investigated
and collected in this research.

Strengths (pros) Weakness (cons)
simple and low cost [159], [209]. no mechanism for participants to clarify

or correct misunderstandings [217], [159].
questionnaires can be administered
anonymously [231].

inflexibility to the stakeholder’s language,
interests, views [209].

can encompass a large number of stake-
holders [39], [32].

Questions can be misinterpreted. [32].

yield responses that are usually easy to
tabulate or score [231].

question ambiguities may arise [32].

Easy to handle as it is possible to use mul-
tiple choice or true false questions [32].

weak on getting further clarification re-
garding specific problem or requirement
[32].

useful for statistics as the same question
is asked to a large number of people [32].

feedback is not received [32].

economical technique [32]. questionnaire response rate is often low
[231].

quickly applicable to many stakeholders
[209].

may provide only a snapshot rather than
rich picture [231].

Table 4.14: Questionnaires pros and cons

4.2.16 Quality Function Deployment (QFD)

QFD is a method for developing a design quality to satisfy customer’s needs [207] focuses
on delivering “value” by seeking out both spoken and unspoken customer requirements,
translating their demands into design targets and communicating them throughout an
organization [233].

It is an approach to convert the customer’s requirements into product design. In QFD,
the customer determines the importance of each and every requirement on a scale ranging

97



from 1 to 5 [136]. The Table 4.15 shows some of the strengths or pros, as well as the
weakness or cons investigated and collected in this research.

Strengths (pros) Weakness (cons)
helps prioritizing customer requirements
in order of importance from the customer
viewpoint [233]

Applicable for limited number of require-
ments [136]

Establishment and maintenance of docu-
mentation due to the fact that information
is stored in the matrices [233]

requires a lot of knowledge and skills of
the team carrying out the method [233]

constant improvement of product quality
[232]

complex matrices and analyses is time-
consuming as methodology assume deal-
ing with large amounts of data [232], [233]

increased possibility for breakthrough in-
novation [233]

Applicable for limited number of require-
ments. [136]

improvement of cross-functional team
members and intra-organization commu-
nication [232], [233]

Difficulty of cooperation between multi-
disciplinary teams [233]

Fewer design and service costs due to the
reduction of irrelevant processes [233]

difficulties in the implementation of nu-
merous conclusions resulting from the
analysis into measurable service features
[233], [232]

Table 4.15: Quality Function Deployment (QFD) pros and cons

4.2.17 Scenarios

Technique that gives a narrative description of user processes including actions and inter-
actions [65]. Scenario is a textual representation of a problem and describes the interaction
between user and system in a specific context.[167].

Scenarios requires an incremental and interactive approach to their development. User
scenarios techniques are considered contextual as it explains the theories and context
behind why a particular system function [65]. The Table 4.16 shows some of the strengths
or pros, as well as the weakness or cons investigated and collected in this research.
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Strengths (pros) Weakness (cons)
ensures that end-user’s view is considered
for requirements elicitation [32].

write effective scenarios requires much
practice and experience. [209]

useful for understanding and validating re-
quirements [209], [32].

does not consider internal structure of the
system [65].

simple and understandable for users [32],
[209].

it is difficult to draw useful scenarios [32],
[101].

useful for understanding and validating re-
quirements [209].

it is not suitable for all types of projects
[32].

When well-developed, helps organizations
to be proactive and specific for the desired
system [32].

do not cover all process or necessary com-
plete view of the system [32].

take into account the normal flow, excep-
tional behavior, alternative paths [32].

rely on communication which can lead to
misinterpretation [101].

Table 4.16: Scenarios pros and cons

4.2.18 Stakeholder analysis

A project stakeholder can be defined as “any individual or group who can affect or be
affected by the project process or the project outcomes” [235].

Stakeholder analysis is an approach for identifying and getting knowledge about actors
(individuals or organizations) regarding intentions, interests, influence and the interrela-
tions they have. Aim of understanding the policy context and processes [234]. The Table
4.17 shows some of the strengths or pros, as well as the weakness or cons investigated and
collected in this research.

4.2.19 Storyboards

Storyboards (or Story boarding) consists of a sequence of pictures, which show significant
steps of the workflow [171]. It can be used as effective media to capture and explore the
user experience by translating the story and script into scenes through who, what, when,
where, and how using images and text [170].

Storyboards use images, text, audio, video, animation diagram to visualize the concept
to the stakeholders [64]. It focus not on the mechanics (technical steps) to be taken, but
rather what the product will do/not do when interfacing with the system [51]. The Table
4.18 shows some of the strengths or pros, as well as the weakness or cons investigated and
collected in this research.
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Strengths (pros) Weakness (cons)
it is a rational and transactional process
[265].

preexisting relationships with other stake-
holders can influence their responses [234].

keeps the parties focused on few parame-
ters [235].

large number of stakeholders can make
too complex and cluttered the stakehold-
ers mapping [234].

useful to identify assumptions in which the
success or failure of project outcomes de-
pend [234].

gives a picture that is too simple and
therefore not helpful for sufficiently pre-
dicting the stakeholder’s coming behavior
[235].

helps when circumstances changes for a
detailed understanding and communica-
tion between the stakeholder and the
project representatives may be helpful
[235].

identification and categorization of stake-
holders can be subjective in terms of their
relative power, influence, and legitimacy
[236].

simple profiling is less complex and time-
consuming [234].

creating a richer insight may be very time
consuming [235].

help strength ties with stakeholders [236]. If the project representatives don’t per-
ceive the stakeholder analysis as helpful,
they may have very limited motivation to
undertake it carefully [235].

Table 4.17: Stakeholder analysis pros and cons

Strengths (pros) Weakness (cons)
promotes participation and engagement
[237].

requires time and talent to be realistic
[239].

can be used to visualize the workflow and
user-system interaction [171].

story can be misinterpreted or out of con-
text [238].

facilitate communication [67]. viewers may be critical on quality and not
focus on the action and environment [239].

allows stakeholders to come into common
understanding of about the functionalities
of the system [64].

lacks flexibility as it cannot guarantee an
image is precisely relevant to a novel input
story [238].

helps identify potential consequences of
using the application [237], [170].

images can be extracted from different
sources making storyboard sequence visu-
ally inconsistent in styles and characters
[238].

Table 4.18: Story Boarding pros and cons

4.2.20 User stories

User stories are a description of a function or feature that is written from the perspective
of the user [158] and reduce the focus on requirements specification activities [173]. They
consist of a written text, conversation about it and acceptance criteria [158]. Also, are
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one of the most popular alternatives to traditional requirements specifications [262].
User stories are utilized in order to describe the functional requirements of a system

from users viewpoint [171]. User stories usually have three parts: the card, conversation
and confirmation. The story is written on a small index card with the second step being
a conversation, because the card is small and has no space for the details, to develop
understanding of the necessity. The confirmation refers to acceptance criteria which are
often written on the back of the card [177]. The Story Card is a physical representation
for the written text and details from a user story [158].

The Table 4.19 shows some of the strengths or pros, as well as the weakness or cons
investigated and collected in this research.

Strengths (pros) Weakness (cons)
effective in improving the collaboration
and feedback among stakeholders and de-
velopment team [39]

usually results in incomplete or ambiguous
requirements [177], [186]

easily adaptable to volatile requirements
[39]

shows communication and planning issues
for big stories [167]

represents a way to express user needs in
an informal way [171]

lacks in identifying specific user and its
needs [171]

easy to estimate and prioritize [32] lack in recognizes the environment in
which the specified feature of the story is
applied [171]

Table 4.19: User Stories pros and cons

4.2.21 Workshop

Workshop, project’s stakeholders come together for a deliberation to gather the require-
ments for a system under development. Participation is limited to the stakeholders that
are directly affected by the system. Workshop is also a collaborative technique and better
used for collecting multiple viewpoints [65].

Workshop is a structured meeting in which a carefully selected group of stakeholders
and content experts work together to define, create, refine and reach closure on deliverable
that represent user requirements [240]. The Table 4.20 shows some of the strengths or
pros, as well as the weakness or cons investigated and collected in this research.
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Strengths (pros) Weakness (cons)
useful to elicit requirements for complex
and large systems [209]

unfeasible for small projects [209]

can bridge communication among stake-
holders, decision-making, and mutual un-
derstanding [240]

require a greater time commitment from
each participant; considerable cost [209]

effective way to bring together customers,
users and software suppliers to improve
the quality of software products [240]

very costly technique in terms of time and
money [217]

Table 4.20: Workshops pros and cons

4.3 Evaluation of the Mapping - Analysis through
Focus Group

This section describes the evaluation performed using the Focus Group technique. The
results show evidence about the applicability of the proposed mapping and the suggestions
presented.

4.3.1 Planning

The first step was the definition of the method to be used to validate the study. The
decision was to use the Focus Group technique. Focus Groups is a qualitative data
collection method and in-depth group interview with a moderator leading the discussion
[266]. This technique helps identifying which things are important for the stakeholders
[191]. For more details about this technique please refer to the section 4.2.7 that describes
the advantages and disadvantages of this technique.

We understand this Focus Group there is no right or wrong, and all opinions are valid,
as the objective is not to reach a consensus, but to understand and discuss the profes-
sionals’ perceptions and ideas. In addition, the meeting was recorded as a way to obtain
a richer detail of the discussions, and although qualitative answers are presented and
reported the identities of the participants and individual opinions are kept confidential.
The questions initially defined are presented in the Table 4.21.

The goal of the Focal Groups sessions is to capture the perceptions into using require-
ments elicitation techniques and how they could be combined to improve results.

Questions

To reach the goal, questions were asked openly, avoiding “yes” or “no” so that it is possible
to compare experiences and opinions on the subject and to understand the perceptions of
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the invited specialists.

ID Question
Q1 What requirements elicitation techniques do you often use and why?
Q2 What advantages do you identify in using this(these) technique(s)?
Q3 Have you combined techniques to elicit requirements? If yes, which ones and

why? What advantages did you identify in combining these techniques?
Q4 This study presents the advantages and disadvantages of different techniques, in

your perception how do you think this study can help the software development
community? What are your suggestions for improvements?

Q5 Regarding the combinations, what do you think about these suggested combina-
tions?

Q6 What techniques would you use to solve the hypothetical scenario described and
why?

Table 4.21: Focus Group Sessions - Evaluation Questions

Since the time for the Focus Group session are scarce, for Question 5 (Q5) 4.21 we se-
lected three combinations for the discussion. The first (Prototyping and Questionnaires)
and second (User Stories and Prototyping) combinations were selected because we found
the large number of references during our research while the third (Mind Mapping and
Persona) was a personal selection of the researcher aiming to i) provoke the discussion of
techniques not much explored in combinations and ii) verify whether non-trivial combi-
nations would have any acceptance by the experts.

a. User Stories and Prototyping [267], [268], [269], [270], [271], [272]

b. Prototyping and Questionnaires [241], [242], [243], [101], [244], [44]

c. Mind Mapping and Persona

In addition, to address the Question 6 (Q6) (section 4.21), the participant was invited
to analyze the hypothetical situation described below. This hypothetical situation was
based on similar scenarios that happens in the organization that the author work.

• Legacy system existing for 10 years and the new one shall be created based on the
original;

• User has been using the system for 5 years and cannot explain the functionalities
(it is not known if he does not want to or does not know how);

• New system will cover the existing functionalities and new complementary func-
tionalities, as another department with many users (more than 30) will be added to
have the whole process within the same software/system;
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• Motivations for the new system:

– Improve the interface (the current one is difficult to use);

– Security (there is none in the current one);

– Process chain completion (activities of the other area currently in spread-
sheets).

Sessions

In order to be able to accommodate all participants, we plan for a maximum of three pos-
sible sessions at different times and periods. The sessions are schedule with the duration
of about 1 hour and a half so that each invited specialist can demonstrate his vision on the
techniques used in requirements elicitation, as well as the possible combinations of tech-
niques that could be done to help practitioners to have better results in the requirements
elicitation phase.

It is very difficult to get the experts together at a specific time for the analysis sessions.
To reduce this difficulty, before making the invitation, we contacted the participants
and suggested some options for times and days, and we hold two different sessions to
accommodate the participants. Sessions were also scheduled in two different days aiming
in having the availability of the majority of specialists.

Once invitation was sent, even though the time was the most suitable for the vast
majority, the specialists have their own responsibilities, so a long session could impact
the availability and enthusiasm of the participants to participate of the debate, therefore,
we opted for shorter sessions, with around one (1) hour long, to retain the specialists
throughout the whole session.

Participants

Participants were selected from groups of professionals with experience in software de-
velopment and requirements. Only professionals working in Agile Software Development
and with Requirements were invited to the Focal Groups discussions. First Session was
defined as 1 and Second Session as 2. Participants were enumerated from 1 to 19 in
alphabetical order based on the session they joined. Table 4.22 presents the complete list
of participants along with their current position and the years of experience they declared
working with Requirements.

Participants in the first session are from different departments of the public agency that
the principal investigator works for. To avoid bias, none of them are close to the researcher
and were selected based on their familiarity with the topic of this study. The participants

104



ID Session Role Level Experience
P1 1 Project Manager and

Scrum Master
Postgraduate degree in Project
Management

9 years

P2 1 Project Manager Postgraduate degree in Project
Management and SW Engi-
neering

12 years

P3 1 Requirements Engi-
neer

Postgraduate degree in Re-
quirements Engineering

13 years

P4 1 Project and Con-
tract Manager

Postgraduate degree in Project
Management and Public Man-
agement

+20 years

P5 1 System Analyst Postgraduate degree in Mobile
development

9 years

P6 1 Governance Coordi-
nator

Bachelor’s degree in Comput-
ing Science

8 years

P7 1 Requirements Engi-
neer

Postgraduate degree in Dis-
tributed Software Architecture

10 years

P8 1 Developer Bachelor’s degree in Eco-
nomics

10 years

P9 1 Requirements Engi-
neer

Master Degree in Electric En-
gineering

19 years

P10 1 Scrum Master Postgraduate degree in Project
Management

14 years

P11 1 Business solutions
Lead

Postgraduate degree in
Database Management and
Business Intelligence

+20 years

P12 1 Development Man-
ager

Master Degree Electric Engi-
neering

10 years

P13 1 Project Manager Postgraduate degree in Project
Management

5 years

P14 1 Requirements Engi-
neer

Postgraduate degree in Soft-
ware Engineering

9 years

P15 2 Senior Analyst and
Developer

Master Degree in Applied
Computing

18 years

P16 2 Business Analyst Master Degree in Computing
and SW Engineering

16 years

P17 2 Scrum Master Master Degree in Computing 4 years
P18 2 Information Tech-

nology Coordinator
Master Degree in Applied
Computing

8 years

P19 2 User Experi-
ence/Interface
Developer

Bachelor’s degree in Biotech-
nology

2 years

Table 4.22: Focus Group Sessions - Participants
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of the second session are experienced professionals from different organizations and the
relationship between them is just having the same supervisor in the doctoral degree course.

4.3.2 Execution

Each of the two sessions was initiated with the statement of its purpose and the list of
techniques that would be discussed (Interviews, Prototyping, Brainstorming, Mind Map-
ping, User Stories, Observation, Ethnography, Questionnaires, Persona, JAD, Scenarios).
Moderator also asked the confirmation whether or not it was necessary to present a brief
description of any technique while presenting a short description of each of the tech-
niques selected for the discussion. Sessions were held in Portuguese, as it was the mother
language of the participants. Also, rules of engagement were stated.

• Participants during the meeting will not be anonymous, that is, you will see and
hear the other people. Personal critics are not allowed.

• The moderator will be asking the questions and stimulating the discussion. The
goal is for people to debate.

• Moderator can and will interfere if the discussion gets too heated, because the focus
should remain only in the differences of opinions.

• There will be no transcription of individual opinions or identification of any partic-
ipant during the report, so different opinions are welcomed.

• Moderator will invite participants to give their impressions as to enrich the discus-
sion.

The debate followed with a open and provocative question from the moderator the
professionals discussing the techniques they knew the ones they mostly used during their
projects, also asking to explain and justify the selection of the techniques. In addition,
moderator inquired which advantages the participants could identify in using the tech-
niques they have mentioned. These were the questions 1 and 2 from the Table 4.21.

The discussion was followed by a brief discussions about combinations referenced in
academia and industry in introducing the third question (Table 4.21) about combinations.
In addition, moderator inquired about the Guide with question 4 (Table 4.21) by asking
for the participants to freely state their opinion about the guide and which improvements
could be made for future versions.

For question 5 (Table 4.21) the three previously defined combinations section 4.3.1
were presented to the participants which, again, could freely state their opinion about
the validity and whether or not they were familiar (either in theory or in practice) and
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their opinion about these sort of technique combinations. Finally, a hypothetical scenario
was presented to debate which possible techniques and combinations would be suitable
for dealing with the presented situation section 4.3.1 along with their perceptions of what
pros and cons they would have.

4.3.3 Reporting and results

Techniques Assessment

For the first question (Table 4.21) about the techniques used, the participants, in the
first session, listed Observation, Persona, Scenarios, User Stories, Mind Map, Question-
naires, Brainstorming, Process Mapping, Prototyping and Interviews as the techniques
used in the regulatory agency of Public Administration, the last three being the most
used and cited during the focus group session. From their side, participants from second
session mentioned Interviews, Prototyping, User Stories, Brainstorming, Persona, Obser-
vation, Test-Driven Design and Business Process Modeling. Natural Language was also
mentioned as technique, although is much more a method of discussion than a technique.

For both sessions, the first and second questions Table 4.21 were answered together
as participants mentioned the techniques and also the justification of the usage, meaning,
the advantages they actually notice by using it. Some interesting comments are worth to
highlight.

Participant P5 mentioned that Brainstorming “stimulates new solutions to the cus-
tomer and is helpful for specific problems” whereas participant P3 mentioned using Brain-
storming, unstructured Interviews and Prototyping where “user likes to see how the screen
will look making easier to discuss how the business rules and field rules will be”. This par-
ticipant also mentioned that User Stories are used in the Public Administration Agency.

In addition, this participant suggested that Business Process Modeling (BPM) is one
larger technique that is mostly applied in the beginning of the projects. This was also
corroborated by P2, P4, P9 and P12 which informed that there is a standardized process
at the Regulatory Agency that states the techniques that users are more familiar and
suggest their use even though there is room for the requirements analyst to bring dif-
ferent techniques to enrich the discussions. He finalized informing that Business Process
Modeling (BPM) is probably the technique most acceptable and used in the Agency.

Furthermore, participant P2 mentioned although they do not use Persona technique as
described in literature, they do define users and system profiles during the Business Pro-
cess Modeling (BPM) and continued that “Persona is an added value in other techniques”.
Also, when the user is not certain of what to be done they try to pull the Brainstorming
technique to understand what they really need in the system and how the application

107



should process. To facilitate, this participant uses the structure of user stories that gives
advantage to write down the “focus of the system for the users” and depending on the
situation, it goes on Prototyping to “try to materialize the ideas” although Prototyping
“usually places when he is dealing with organizations that already have a defined inter-
face pattern”. It closed his answer by mentioning that is familiar with Ethnography and
usually sees it being applied in private companies, it likes Mind Map “for consolidating
ideas from User Stories” and recognizes Scenario being “heavily used in Behavioral-Driven
Development (BDD)

From his side, participant P11 mentioned good experiences with User Stories (for
documentation) and Prototyping which was defined as “very suitable for the development
of Business Intelligence panels” which are very demanded in the organization. It is, he
mentioned “by far one of the best fits” with the addition that the prototype usually comes
out with a minimally functional model.

In his turn, participant P13 elected Brainstorming, “to have a basic understanding of
what will be discussed” as “user has difficulties in condensing ideas” and Questionnaires
to close on the details of the requirements. Also mentioned that with Prototyping “user
perceives the materialization of ideas, not through writing, which is helpful to come into
agreements”.

Moreover, participant P6 brought a view from Governance mentioning his team is
responsible for performing feasibility analysis which he compared as “something like an
initial requirements survey”. For his duties, his team uses a mix of Interviews with Ques-
tionnaires, with the later technique being under a “guided completion” to improve the
capture of needs and giving the “advantage of not separating business from Information
Technology (IT) worlds” as he highlighted that “most of the users do not know the IT
world”. Still, participant added that he does not use Observation Technique however,
after reading the Guide for the meeting he was “interested in practicing to see the user
on a daily basis” as the finalized that “meetings are just cuts/pictures of what the user
does”. On the other hand, since there are cases when IT allocates some analysts in the
business areas, participant P12 has a sense that Observation does happen with a “low
maturity and ad doc way”.

Participant P4 elaborated about the standardized process of Regulatory Agency by
informing it was defined in 2015 as a initial methodology that includes Prototyping, Ques-
tionnaires, Interviews all being encompassed by Business Process Modeling (BPM). Other
techniques that are not suggested in the standardized process, such as, Mind Mapping
and User Stories are highly used as well. P7 completed stating that the reason for the
Agency to use Mind Map and Prototyping, for instance is the complexity of the systems,
full of flows and much related to the niche of the organization.
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Participant P14 who uses Interviews and Prototyping preferred to comment a disad-
vantage of the Prototyping technique mentioning “users understand that everything is
ready and then get frustrated with the final version”.

Participant P15 mentioned that Interviews and User Stories or Brainstorming (“when
people know the process”) are widely used in his organization with also the technique of
Mind Mapping. On his turn, participant P18 cited User Stories and sometimes Persona
and added that “Meeting” technique by meeting with the whole team are highly used
on this organization. This participant also mentioned Test-Driven Design (TDD) and
referred that based on the environment as the development team has great knowledge
on the business side he did not see advantages in using Prototyping for Agile Software
Development.

Moreover, participant P17 mentioned that never practiced Observation, Ethnography
and Joint Application Development (JAD) while already applied Persona, although not
“as pure as literature prescribes” and believes that Prototyping helps “deciding together
with the client what is really necessary to implement” but, on the other hand, Prototyping
is “time consuming”and sometimes “result is not viable to implement”. For such cases,
it uses Brainstorming to reach consensus what is necessary in terms of interfaces and the
development cost. In addition, understands that User Stories are only applicable in Agile
and not in traditional methodologies. Finally, this participant mentioned that Natural
Language as a method of discussion for specification is widely used in his organization as
an easy way to communicate the objectives.

Participant P16 mentioned using Interviews, User Stories and Persona when deal-
ing with a new product whereas Observation, Ethnography, Test-Driven Design (TDD)
and Persona when dealing with any sort of maintenance. Furthermore, participant high-
lighted that the most used technique in his reality is Business Process Modeling (BPM).
P19 added that Business Process Modeling (BPM) “helps structuring, refactoring and
understand the flow of data”.

In terms of question Q2 (4.21), in summary, advantages of Prototyping are related to
assisting client deciding what is really necessary to implement as user perceives the mate-
rialization of ideas which make easier to discuss business rules while Brainstorming helps
reaching consensus on basic understanding of what will be addressed by the system with a
plus of stimulating new solutions. Interviews and Questionnaires help guide users through
the IT world with the later also assisting in close the details of the requirements. User
Stories can maintain the focus of the system for the users and helps on documentation.

Persona helps defining users and system profiles. Mind Map simplify the complexity
of the systems and helps consolidating ideas from User Stories. Observation is excellent
when user has trouble to explain the requirement while Natural Language as it is easy to
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communicate the objectives. Finally, Business Process Modeling assists in understanding
the flow of data. Also it is probably the technique most acceptable and used in the Agency
(participants of session 1) also being mentioned by three of the participants of session 2.

Techniques Combination

About combinations, on question 3 (Table 4.21), the vast majority of the participants
mentioned they see as impossible to not use more than one technique due organization,
users and the complexity of the systems to be developed as the participant P7 added that
“most systems use more than one technique to try to understand all the specifics about
the systems to be created” and participant P2 mentioned that “combination is possible
depending on the technicians involved”. P3 also mentioned that always work with a mix of
techniques to better understand the requirements. Others agreed with this information.
Table 4.24 has more details of the most mentioned combinations.

Those from session 2 made a remark that Mind Mapping and Users Stories (P15) and
Interview and User Stories (P15 and P18) were combinations already used and proven on
their projects. Participant P18 cited User Stories and Persona as a combination already
used as well. Participant P17 mentioned that User Stories, Prototyping and Brainstorming
are interchangeably used.

Regarding combinations, as informed prior and at the beginning of the sessions, three
combinations (List 4.3.1) were presented to be evaluated and discussed, being the first
two among the most referenced in literature and the third an alternative selection of this
researcher in order to verify if it would be familiar or not.

As expected, the third combination was not familiar to any of those present in both
sessions, although part of the participants showed curiosity about whether such a combi-
nation would be useful and feasible in a real environment whereas for the first combination
had the majority of the comments as it was recognized as the most familiar with several
participants stating they use or already used such combination (User Stories and Proto-
typing).

Participant P11 mentioned it is the one combination he and his team uses as User
Stories gives “something more formal to apply on the rigidity of the Public Administra-
tion” whereas the Prototyping provides a “faster user engagement” which was followed
by participants P14, P9 and P2. In addition, participant P6 mentioned that User Sto-
ries is “a technique that uses writing from the user’s perspective” while Prototyping is
“more visual and give a vision of the solution”therefore both “complement each other”.
P3 on his turn mentioned that this combination also helps the development team and
finalized informing that also used and view “as interesting” the combination Prototyping
and Questionnaires.
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Participant P15 made a remark that User Stories and Prototyping are “great comple-
ment” and is one combination he has the habit of using with success. Also was with great
value when he had a team member experienced in front end only and the Prototyping was
used to integrate this member and accelerate the project. On the other hand, participant
P19 already used to work with web sites improvements where the Questionnaires were
used to get the perceptions from the users while Prototyping being used to refine the user
interface and experience.

Moreover, Participant P16 mentioned not being familiar with much combinations and
was willing to try some options in real world as feels like it could be useful. Finally, partic-
ipant P18 mentioned that he operates in a small team with small number of stakeholders,
so Prototyping is not helpful on his environment therefore none of these combinations are
applied on his organization however other combinations such as User Stories and Ques-
tionnaires have already been taken in some projects. P17 cited usage of User Stories
and Prototyping in a “truly agile project” which as long as development went further the
Prototyping was no longer necessary and was replaced by Natural Language procedure.
Participant also elaborated that usually works with Interviews and Mind Mapping using
Natural Language discussions or Natural Language as a way o easy on Prototyping as
main options for eliciting requirements.

Guide analysis

In continuation of the debate, participants were asked about the Mapping of this study
(question 4 - Table 4.21). Most relevant statement are as follows:

As for the suggestions of improvements, two items were intentionally not fully covered
in this work, usage examples of the displayed techniques, mentioned in item I 4.23 and
detailed and step-by-step description the each technique, mentioned in item III 4.23 due
to there are some web guides on the net that can supply this information as presented in
3.16. Item II 4.23 on the other hand, refers to a recommendation system based on the
findings of this study and is something to be explored in a future work.

Hypothetical scenario

Finally, for closing the session the hypothetical situation 4.3.1 of question 6 4.21 was
presented and the participants were asked to discuss on which techniques or combinations
of techniques they would apply to overcome the set situation. Most relevant suggestions
are as follows.
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ID Positive views
i “pros and cons help a lot, assess your need and identify which technique can

help you” - (P2)
ii “useful as a reference to the professional’s work” - (P3)
iii “guide instructs a lot and leaves it up to the analyst to frame in the real case

which technique to use to perform the work. Several parameters to choose one
technique or another, if you have a limited time, looking at the guide it can
direct you to a technique that gives a faster response.” - (P13)

iv “very useful after environment is understood” - (P14)
v “interesting for practitioners with experience because they are already familiar

with the techniques and pros and cons help them to decide which one to use” -
(P17)

vi “good for new or inexperienced people as well” - (P18)
vii “will definitely be used on his work” - (P16)

ID Suggestions of Improvements
I “missed some examples or case studies” - (P3)
II “it would be interesting in a future work create some checklist or recommenda-

tion system to help engineers to select the more appropriate technique according
to the environment” - (P9)

III “inexperienced would not know the details of techniques, so might not take much
advantage of the guide” - (P17)

Table 4.23: Guide - Positive and Improvements remarks

• P4 suggest using Business Process Modeling (BPM) to “identify the chain of activi-
ties and map the information for each activity” and then work with other techniques
for completing the elicitation.

• P3 suggested Business Process Modeling (BPM) as well, and went further indicating
Prototyping and User Stories to complete the elicitation process.

• P7 started from the premise that user only knew his specific part of the process
therefore he would use Observation in combination with Mind Mapping. However
if use had a complete view of the process participant would apply Business Process
Modeling (BPM) technique.

• P6 believed that each item could use a different technique. Suggested that for “user
doesn’t know or doesn’t want to say”afirmation, he would go with Observation or
Brainstorming to help “giving ideas to the new system”. Prototyping would be used
to focus on improving the interface and User Stories would be interesting to cover
the piece of process.
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• P15 mentioned that usually works with Business Process Modeling (BPM) for most
of the scenarios however this one could be done by using Questionnaires, Interviews
and Persona.

• P16 highlighted that Business Process Modeling (BPM) is the technique that could
rescue the team in this sort of scenario uses Interviews as well, as he mentioned that
“it is the role of requirements analyst to overcome difficulties and extract information
from the user”. Suggested also that User Stories could be a good complement for
this proposed case.

• P18 remark that in case of “extensive documentation and access to the code” a
analysis of legacy system would be beneficial.

On a final remark, participant P19 stated that for security issues usually developers
and others involved in previous releases and phases of the project can be a great source
for identifying security and interface issues and solutions.

Results

After analyzing all the collected data from the evaluation Focal Group sessions we reach
the conclusion that the objective of the Guide was accomplished with the study being able
to assist most of the practitioners either inexperienced or experienced ones taking into
account that goal was to analyze strengths and weakness of the techniques and examples
can be found in the references from table 3.16.

The table below 4.24 summarizes the main findings from the sessions. In relation
of techniques and combinations they were organized from the most remembered and
discussed by the specialists to the least ones.

From the total of nineteen (19) participants over two sessions, the techniques listed
as most used Interview, Prototyping and BPM were mentioned by seven (7) participants
while User Stories was mentioned by six (6).

Regarding combinations, most of the participants, pointed that User Stories and Pro-
totyping, Brainstorming and User Stories, User Stories and Interviews along with a variety
of BPM-related combinations as of their preference.

About the new findings that came from the evaluation sessions, Natural Language and
Meeting were methods cited by one participant that are used as a way to easy the process
of eliciting the requirements, however the most important new finding from the Focus
Group sessions and something to highlight is the technique of Business Process Modelling
(BPM) which was not retrieved during the research by the search string 3.1.3.

Business process modeling contributes to deeper understanding and systematization
of the network of activities that composes a business [273] as a common goal for process
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Subject Descriptions
Interviews, Prototyping, Business Process Modelling (BPM)
User Stories

Techniques Persona, Brainstorming
Questionnaires
Mind Mapping, Observation, Test-Driven Design (TDD)
Scenarios, Ethnography
Business Process Modeling and Interviews
Business Process Modeling and Questionnaires
Business Process Modeling and User Stories
Business Process Modeling, Persona and User Stories
Business Process Modeling, Brainstorming and User Stories

Combinations Mind Mapping and User Stories
User Stories and Interviews
User Stories and Prototyping
User Stories and Persona
Brainstorming and User Stories
Interviews and Mind Mapping

New Findings Business Process Modelling (BPM)
Meeting, Natural Language *

Table 4.24: Summary of Focus Group Evaluation Results

modeling efforts is to increase knowledge and shared awareness within the organization
[274].

This technique was highly commented during the evaluation sessions including some
participants informing the technique had their preference to start much of the elicitation
discussions in the projects they work, therefore BPM might be a good candidate to further
investigation and addition to the future versions of this guide.

4.3.4 Evaluation risks

A possible risk, inherent to the process, is the fact that some of the participants know
each other therefore there is possibility of avoid exposing their opinions or entering into
discussions, tending to agree with the specialists who provide the first answers. Such
a situation can cause a bias in the answers. To reduce this situation, we reinforce the
idea that there is no right or wrong in the answers and emphasize that we seek different
opinions to oppose ideas.

Also there is a risk of putting pressure on the participants and causing them to have
unnatural attitudes or behaviors. Some rules of engagement, that can be seen at section
4.3.2, were stated in an attempt to minimize this risk.
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4.4 Chapter Summary

In this chapter we have presented we described some Requirements Elicitation (RE) Tech-
niques that are common and useful for Agile Software Development (ASD) and focus on
presenting strengths (pros) and weakness (cons) of these techniques also known in litera-
ture as advantages and disadvantages (or limitations) of the RE techniques.

Moreover at the beginning of the chapter we also presented an image (Figure 4.1)
suggesting which of the studied techniques could assist with the uncovered and described
challenge categories, which were explored in previous chapter (Section 3.3.2). The Figure
4.1 contains the list of techniques that could be applied for each category to surpass the
challenge the category encompass and shows that challenges related to communication,
user engagement and requirements elicitation activities are the ones best served in terms
of Requirements Elicitation Techniques that could assist.

The list, combinations found either in the literature or in practical evaluations and
other suggestions are the result of this study and are based on the strengths and weak-
nesses depicted in the previous sections of this chapter 4. Finally, we described Focus
Group evaluation sessions held with selected specialists who analyzed and provide their
experience about the Requirements Elicitation (RE) Techniques, combinations of tech-
niques used in real projects, discussed a hypothetical scenario and evaluated the guide of
this study. The general outcome was (i) the guide is a good reference to new and expe-
rienced practitioners, (ii) most of the specialists uses User Stories along with Interviews,
Prototyping or Brainstorming to elicit their systems, (iii) Business Process Modelling
(BPM) is one technique greatly accepted when dealing with new systems as they need
to understand the business rules that applies. The detailed results were presented in the
section Evaluation of the Mapping 4.3.
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Chapter 5

Final Remarks

We initiated this study by presenting a Theoretical Background (Chapter 2) to support our
discussion highlighting among others, requirements, agile software development and the
elicitation techniques. In this study, a SLR was conducted to investigate the requirements
elicitation techniques used by the Agile Software Development teams.

The SLR was instrumented with automatic and manual searches, performed in digital
libraries, journals and conferences. Some of the studies were also Systematic Literature
Reviews, therefore a snowballing was made to unfold the original studies covered by those
SLR. From a total of 341, we have selected 54 papers. The objective was to identify the
existing requirements elicitation techniques that are discussed for agile software develop-
ment. By identifying these techniques, we sought to verify which were also mentioned as
used in the industry. We also seek to investigate the challenges in ASD, as well as what
are the strengths or positives and weaknesses or negatives of the identified techniques.

In addition, we conducted a survey with practitioners of agile software development,
from engineers and analysts to developers and managers, to compare the results of the
survey with the elements collected from the SLR. Finally, with the analysis of techniques,
agile development challenges and strengths and weaknesses of the identified techniques, we
analyze possible combinations of the latter that could be useful to overcome the challenges
encountered and help the community and have a more complex requirements elicitation
phase. robust and efficient.

In seeking to answer the RQ.1 (Section 3.3.1), the analysis revealed that the most
referenced techniques in the literature are: Prototyping, Interview, User Stories, Joint
Application Development (JAD), Ethnography, Brainstorming, Scenarios, Observation,
Questionnaires, Mind Mapping and Workshops. On the other hand, the most referenced
techniques in industry are: Interview, User Stories, Prototyping, Questionnaires, Persona,
Observation, Ethnography, Mind Mapping and Scenarios.
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By those lists, we verify that Prototyping, User Stories and Interview are well consol-
idated on both worlds, whereas Scenarios are much remembered in the literature but not
so much in the industry. Also, there is much room for investigating new techniques in
literature such as, Persona which have high acceptance in industry.

There are many difficulties (or challenges) in the requirements elicitation process such
as communication barriers, knowledge and cognitive limitations, human behavior and a
technical issue [77]. In regard of challenges, which is discussed in the RQ.2 (Section 3.3.2),
we realize that grouping them into categories would make easy for the reader to recognize,
therefore, based on the selected papers we identified the following categories which the
table 3.13 presenting the details.

• Documentation (Doc)

• Stakeholder Engagement and Availability (Engg)

• Communication (Comm)

• Scope and Volatility of Requirements (Vol)

• Complexity and Scalability of Projects (Cplx)

• Negotiation and Prioritization of Requirements (Prio)

• Translation of Requirements (Trl)

• Expertise from team or user (Exp)

• Architecture and Software Quality (Qlty)

• Culture and Environment (Cult)

• Requirements Elicitation Work (REw)

• Project issues and Others (Oth)

Although all are relevant at some point during the Agile Development process, we
focused on the ones related to Requirements Elicitation (RE) work thus we did not take
into account some categories for the analysis and proposition of the combinations. More-
over, the categories of challenges “Architecture and Software Quality (Qlty)”, “Culture
and Environment (Cult)” and “Project issues and Others (Oth)” were not considered in
the RQ.3 discussion (Section 3.3.3).

Furthermore, from this list, we identified that challenges related to “Communica-
tion”, “Documentation”, “Translation of Requirements” and “Stakeholder Engagement
and Availability” are the ones most mentioned in the selected studies.
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Based on the analysis, we presented the techniques that could help surpass the identi-
fied challenges. The Table 3.14 is the result of analysis made throughout this study where
the strengths and weakness (or advantages and limitations) of the elicitation techniques
were investigated and confronted with the identified challenges. Other views of the tech-
niques that could assist in surpassing the challenges by each of the investigated elicitation
techniques can be seen either in the table 3.17 or in the figure 4.1.

Complementary, we analyzed technique combinations to help overcome more than one
of those challenges as discussed in the RQ.3 (Section 3.3.3). A few combinations were iden-
tified within the literature with “Prototyping and User Stories” as well as “Prototyping
and Questionnaires” followed by “User Stories and Interview” being the most referenced
ones.

In addition, two validation sessions were performed with most of the participants, men-
tioning that User Stories and Prototyping, Brainstorming and User Stories, User Stories
and Interviews along with a variety of Business Process Modelling-related combinations
as of their preference.

Specialists from both sessions mainly believe that combining techniques is fundamental
to elicit high quality requirements and the guide would be of great value to either expe-
rienced or new practitioners to help them select the best options among Requirements
Elicitation Techniques.

Although the way of each technique is applied depends on the engineer, team, cus-
tomer, type of project and organization involved, the findings of this study can bring some
light to the software development community by improving the knowledge either on the
RE techniques or the how to use them in a combination format.

5.1 Future work

In the near future, we plan to build an online version of this mapping and perform
a few studies testing the applicability and effectiveness of the requirements elicitation
combinations with practitioners of agile software development. Also, once improvements
are identified we plan to increment with other techniques that are currently not presented
on this guide.

In addition, there are plans to perform quantitative studies focusing in build a recom-
mendation system to help analysts and engineers to better assess their environments and
receive suggestions of techniques to be used for their identified challenges. We do believe
this can bring greater benefit to ASD teams.
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Appendix A

Requirements Elicitation Survey
Form
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08/09/2022 07:35 Form Create | forms.app

https://forms.app/formbuilder/625db912bd9d0a7d2ed15af6/create 1/11

1. Please state the Country, State and City that you work?Por favor, informe o
seu País, Estado e Cidade que você trabalha? *

text

2. What is your gender?Qual o seu gênero? *

Descrição

Female / Feminino

Male / Masculino

Non-binary / Náo binário

Prefer not to state / Prefere não informar

3. What is your age range?Qual sua faixa de idade? *

Descrição

less than 21 years / menos de 21 anos

21 to 25 years / 21 a 25 anos

26 to 30 years / 26 a 30 anos

31 to 36 years / 31 a 36 anos

37 to 42 years / 37 a 42 anos
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43 to 47 years / 43 a 47 anos

48 to 54 years / 48 a 54 anos

55 years or more / 55 anos ou mais

4. What is your level of education?Qual o seu nível de educação? *

None to fundamentals grade (8th or 9th) / Nível fundamental

High school or secondary technical or equivalent / Ensino médio ou técnico
ou equivalente

Bachelor's degree / Bacharel (universitário completo)

Master's degree  /  Mestrado completo

Doctorate degree / Doutorado completo

Post-doctorate degree / Pós-doutorado

5. What is your employment status?Qual a sua situação pro�ssional? *

Unemployed  / Desempregado

Self-employed or freelancer  /  Autônomo ou Auto-empregado
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Part time employed  / Empregado em parte do tempo

Full time employed  /  Empregado em tempo integral

Student  /  Estudante

Other  /  Outros

6. How many years of experience do you have in Software Development?
Quantos anos de experiência você tem em Desenvolvimento de Software? *

Less than 1 year  / menos de 1 ano

more than 1 to 3 years  / entre 1 e 3 anos

more than 3 to 6 years  /  entre 3 e 6 anos

more than 6 to 10 years  /  entre 6 e 10 anos

more than 10 years  /  mais de 10 anos

7. Do you work or is involved with Agile Projects? Você trabalha ou está envolvido
em Projetos Ágeis? *

Yes  /  Sim
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No  /  Não

8. What is your main area of expertise (or main role) ? Qual a sua maior área de
envolvimento ou experiência? *

Management (manager)  /  Gerenciamento (Gerente ou Gestão)

Development (developer)  /  Desenvolvedor

Test (tester)  /  Testador

Analyst / Engineer (requirements)  /  Analista ou Engenheiro de requisitos 

Database (administration or data modeler)  / Banco de dados (DBA ou admi

nistrador de dados)

Full Stack / Desenvolvedor multifuncional ou multiplataforma

Others (data science, etc.)  / Outros (Ciência de dados, etc.)

Not at all Extremely

9. How di�cult do you consider gathering or elicit the correct requirements for a
project, system or application? Quão difícil você considera ser a tarefa de
elicitar ou coletar requisitos corretos de um projeto, sistema ou aplicação? *

Descrição

1 2 3 4 5 6 7 8 9 10



08/09/2022 07:35 Form Create | forms.app

https://forms.app/formbuilder/625db912bd9d0a7d2ed15af6/create 5/11

10. Please state which of the following tools and practices you are familiar and
the level of knowledge Por favor selecione quais as práticas abaixo você tem
conhecimento e qual o nível *

Poor / Pouco

ou nenhum 

Average /

Médio

conhecimento

Good / Bom

conhecimento

Excellent /

Excelente

Analysis

of

Legacy

systems

/ Análise

de

sistemas

legados

Blueprin

t

Brainsto

rming

Design

Thinking

Docume

ntation

or Data

Analysis

/ Análise

de

dados

ou

docume

ntos
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Empathy

Map /

Mapa de

empatia

Ethnogr

aphy /

Etnogra

�a

Explorat

ory

Researc

h /

Pesquisa

explorat

ória

Feature-

Driven

Design

Focus

Groups /

Grupos

focais

Intervie

w /

Entrevist

as

JAD

(Joint

Applicati

on

Develop

ment)
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Ladderin

g /

Escada

Mind

Mapping

/ mapa

mental

Observa

tion /

Observa

ção

Persona

Principal

Compon

ent

Analysis

Prototyp

ing /

Prototip

ação

Questio

nnaires /

Questio

nários

QFD

(Quality

Function

Deploy

ment)
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Scenario

s /

Cenários

Stakehol

der

Analysis

/ Análise

de

partes

interess

adas

Story

Boardin

g

Test-

Driven

Design

Use

Cases /

Casos de

uso

User-

Centere

d

Design 
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User

Interface

Analysis

/ Análise

de

interface

do

usuário

User

Journey

/

Jornada

de

usuário

User

Stories /

Estórias

de

usuário

Worksho

p

11. What are the main challenges on requirements speci�cation / gathering /
elicitation phase ?Para você, quais são os principais desa�os na fase de
especi�cação / coleta / elicitação de requisitos? *
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12. From your knowledge, please state the pros and cons of the tools, practices
or techniques you most use? A partir do seu conhecimento, por favor
descreva prós e contras das ferramentas, práticas ou técnicas que você mais
usa.

13. Do you use or is familiar with any technique, tool or practice not listed?
Please describe the pros and cons of it. Você usa ou tem conhecimento que
alguma técnica, ferramenta ou prática não listada? Por favor informe a
técnicas e descreva os prós e contras.

Descrição

14. Based on your answers, is there any tool, practice ou technique that your
knowledge is not good or excellent and you would like to learn and use?
Baseado nas suas respostas, existe alguma técnica, ferramenta ou prática
que seu conhecimento não seja bom ou excelente e que você gostaria de
aprender e usar?

Descrição
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15. We will send a more detailed questionnaire to some of the respondents for
further developments. In case you have interest in having a more detailed
discussion please state your name and e-mail. Enviaremos um questionário
mais detalhado para alguns dos respondentes para devenvolvimentos
futuros. Caso tenha interesse em ter uma discussão mais detalhada, por
favor informe seu nome e e-mail.

Descrição

Crie Seu Próprio Formulário
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