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a b s t r a c t 

Software process capability maturity models are currently widely used in industry. To perform the practices 

defined in these models, software engineering approaches are applied. We have experimented the definition 

of a large number of methods, techniques, patterns, and standards for the conception, design, implementation, 

and evaluation of interactive systems focusing on Human–Computer Interaction (HCI) issues. Nevertheless, it is 

well-known that HCI approaches are not largely used in industry. In order to take advantage of the widespread 

use of capability maturity models, we have worked on the identification of appropriate HCI approaches for 

each practice of the engineering advocated by the most known model - the CMMI-DEV (Capability Maturity 

Model Integration for Development). By exploring the CMMI-DEV and the literature, we identified a set of HCI 

approaches for the development of interactive systems. Twenty HCI experts were interviewed for the Validation 

and improvement of this initial set. As a result, we identified 14 HCI categories of approaches with examples of 

methods, techniques, patterns, and standards adequate for performing engineering practices of the CMMI-DEV 

when developing interactive systems. 

© 2017 Elsevier B.V. All rights reserved. 

1. Introduction 

Software process capability and maturity (SPCM) models are nowa- 

days well established in the industry [33,128] . These models are a col- 

lection of software engineering best practices, organized in process ar- 

eas, which help companies to improve their software process. A large 

number of official appraisals using these models indicate that software 

engineering practices are currently being used in industry. For instance, 

more than 10,000 official appraisals [19] using CMMI (Capability Matu- 

rity Model Integration) [18] are reported covering more than 80 coun- 

tries. Other national SPCM models (such as the MR-MPS-SW Brazilian 

model [115] , the MoProSoft Mexican model [89] , and the Spanish ma- 

turity model [41] ) are also being widely used in industry; for instance, 

there are more than 600 official appraisals on the Brazilian model cre- 

ated in 2005 [65] . To perform what is proposed in those models, soft- 

ware engineering approaches (methods, procedures, standards, tools, 

techniques, etc.) are applied. One can suppose that as software engineer- 

ing practices are used, Human–Computer Interaction (HCI) approaches 

essential for the development of interactive systems are also used when 

necessary. Nevertheless, it is well-known that HCI approaches are not 

used in industry or are done so insufficiently [10,48,107] . 

Undoubtedly, HCI engineering is inherently related to software en- 

gineering whilst applying to the interactive system projects. Jokela 
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and Lalli [63] point out, for instance, that several process areas from 

CMMI-DEV (Capability Maturity Model Integration for Development) 

[18] have a direct relationship with usability practices, and, therefore, 

HCI engineering. Helms et al. [52] argue that usability engineering and 

software engineering share common goals, such as: trying to under- 

stand customer and user needs; transforming needs into system require- 

ments; designing to satisfy those requirements and testing to help assure 

their realization in the final product. Moreover, several works have dis- 

cussed HCI life cycles and the integration of HCI and software engineer- 

ing (SE) domains for perfecting / improving usable and useful systems 

[46,62,79,81–83,87,97,101,102,109,112] . Considering that CMMI-DEV 

is widely used in industry, we believe that indicating which HCI ap- 

proaches support the application of CMMI-DEV practices in the devel- 

opment of the interactive systems may favor a greater application of 

HCI issues in the industry. We considered any method, technique, stan- 

dard or pattern for HCI to be an HCI approach. In this context, we raise 

the following question: what are the approaches that could concretely 

integrate CMMI-DEV process areas in interactive system development? 

To answer this question, we have performed a study to identify which 

HCI approaches should support the engineering practices of CMMI-DEV 

in the development of interactive systems. Preliminary results were pre- 

sented in [43,44] . In [43] , a work-in-progress paper for a conference on 

HCI; we presented a general view of the steps that we described to ad- 
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dress this problem and some initial results. In [44] we presented general 

results for the Requirements Development area defined in CMMI-DEV. 

This paper presents the complete study and its results in detail. To ad- 

dress the problem raised, we performed the following activities: (i) anal- 

ysis of HCI literature and CMMI-DEV practices for engineering process 

areas (Requirements Development, Technical Solutions, Product Inte- 

gration, Verification, and Validation); (ii) Validation and improvement 

of the HCI approaches with experts; (iii) analysis and synthesis of the 

HCI approaches, and (iv) Validation in practice. The main contribution 

of this paper, related to the existing literature is the proposition of HCI 

approaches for the practices of the five engineering process areas (Re- 

quirements Development, Technical Solution, Product Integration, Veri- 

fication, and Validation) of CMMI-DEV validated by twenty HCI experts. 

The application of all these propositions in real projects is a long-term 

study. Working towards this goal, we present the first results related to 

some approaches proposed for Requirements Development. 

In the next section and subsections, we briefly describe the main 

features of software process capability and maturity models and main 

related work. In Section 3 , we present our research methodology, giving 

an overview of all decisions taken to perform our work. Sections 4 –8 

describe how we performed each phase of our research methodology. 

Then, in Section 9 we present a discussion of the threats to validity. 

Finally, in Section 10 we present our final remarks and some planned 

future works. 

2. Background 

In the following sections, we describe the main elements of software 

process capability and maturity models. Then, we present the works 

related to this study. 

2.1. Software process capability and maturity models 

SPCM models aim to support organizations in defining an evolution- 

ary improvement path from immature to disciplined processes, matu- 

rity processes with improved quality and effectiveness [18] . To that 

end, they are composed of software engineering best practices of effec- 

tive processes for areas of interest (such as requirements, management, 

quality, etc.). In the last two decades, several capability and maturity 

models have been developed. Wangenheim et al. [128] identified 52 

models that cover different domains (such as software engineering, e- 

commerce, security). Fifty of the 52 models are defined based on CMM 

[94] /CMMI [18] models. 

CMM – Capability Maturity Model [94] is a process improvement 

model, defined by the SEI (software engineering Institute) during the 

1990s as requested by the US Department of Defense. This Institute has 

developed different models for several disciplines (e.g. Systems Engi- 

neering, software engineering, and Software Acquisition) that describe 

a scalable improvement approach, enabling us to move from immature 

processes to mature and better processes [94] . 

CMMI – Capability Maturity Model Integration [18] was an initiative 

of members working in industry, the US government and the SEI, that 

represents an evolution of CMM models. The CMMI is composed of sev- 

eral models and provides best practices to help organizations to improve 

their processes. These CMMI models provide guidance (best practices) 

to use when developing processes but they are not processes or process 

descriptions. They are used for the implementation of any type of prod- 

uct (or system). It is however in the development and maintenance of 

software that it is most used (CMMI for Development, CMMI-DEV). Usu- 

ally, CMMI-DEV is the basis for the definition of the software process to 

be used in the development/maintenance of a specific software system. 

CMMI-DEV is currently in version 1.3 [18] . Therefore, due to the impor- 

tance of CMM/CMMI [128] and the reported use of CMMI in more than 

80 countries [19] , we chose to perform our study based on CMMI-DEV. 

CMMI-DEV model components (see Fig. 1 ) are grouped into three 

categories: (i) Required – components (generic and specific goals) 

Table 1 

Capability and maturity levels of CMMI models. 

Levels Capability levels Maturity levels 

Level 0 Incomplete –

Level 1 Performed Initial 

Level 2 Managed Managed 

Level 3 Defined Defined 

Level 4 – Quantitatively managed 

Level 5 – Optimizing 

from this category are essential to achieving process improvement in 

a given process area; (ii) expected – these components (generic and 

specific practices) describe the activities that are important in achiev- 

ing a required component; and (iii) informative – these components 

(sub-practices, example boxes, notes, references, sources, example work 

products, etc.) help users of the model to understand the required and 

expected components and give suggestions to apply the activities. 

The core element of CMMI-DEV is the process area (see Fig. 1 – e.g. 

Requirements Development), that is a cluster of related practices in an 

area that, when implemented collectively, satisfies a set of goals consid- 

ered important for making a significant improvement in that area. 

A process area has 1 to 3 Specific Goals - SG (see Fig. 1 – e.g. SG1 De- 

velop Customer Requirements - described as stakeholder needs, expec- 

tations, constraints, and interfaces which are collected and translated 

into customer requirements). SG describes the unique characteristics 

that must be present to satisfy the process area. It is composed of specific 

practices - SP (see Fig. 1 – SP1.1 Elicit needs - elicit stakeholder needs, 

expectations, constraints, and interfaces for all phases of the product 

lifecycle) that describe the activities expected to result in achievement 

of the specific goals of a process area. 

Generic goals and generic practices are also defined to be applied 

in all process areas. Moreover, CMMI-DEV uses the concept of levels to 

describe the evolutionary path for an organization that wants software 

process improvement. Two types of level are defined: capability level 

(the improvement is in an individual/or group of process areas) and ma- 

turity level (the improvement is through a successive set of predefined 

process areas). Table 1 presents the names of the different capability 

and maturity levels. The maturity level is the one used more often in 

industry and each level is composed of a set of process areas. 

CMMI-DEV version 1.3 [18] contains 22 process areas organized into 

four categories: project management, process management, engineer- 

ing, and support. According to CMMI-DEV, engineering process areas 

cover the development and maintenance activities that are shared across 

engineering activities. Since our focus is to support the development of 

interactive systems, we decided to concentrate our study on the pro- 

cess areas of the engineering category. Moreover, the other categories 

are more generic for any kind of system and support all process areas. 

The engineering category of CMMI-DEV is composed of five process ar- 

eas: Requirements Development (RD), Technical Solution (TS), Product 

Integration (PI), Verification (VER), and Validation (VAL). In general, 

requirements are developed (RD) from customer needs, and design so- 

lutions are designed, coded and integrated (TS and PI). Products and 

product components are verified (VER) and validated (VAL) when nec- 

essary. With regard to the maturity levels (see Table 1 ), all engineering 

process areas (focus of this work) are placed in level 3 (defined). 

Fig. 2 presents specific goals (SG) and specific practices (SP) from 

all engineering process areas. Each practice is described, presenting its 

main goal and explaining what is expected to perform that practice. 

In some cases, informative components are proposed (see typical work 

products in Fig. 1 ) even if others can also be applied (for instance, for 

this example storyboards [121] are also used). However, in most of the 

practices based on the description of what is expected, software develop- 

ers choose some approaches (techniques, methods, standards, patterns) 

from the large software engineering workbench. For instance, to estab- 

lish product and product component requirements (SP2.1 from require- 
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