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Abstract. HCI design incorporates usability engineering. However, “usability” 
is often misunderstood as just “ease-of-use” or “user friendliness”. Whereas it 
should be viewed as software quality with respect to the context of use, which is 
a fundamental element in usability studies (cf. [1] and [2]). However, there are 
cases where usability professionals and software engineers do not share the 
same culture and the same perceptive (cf. [3]). Therefore, it becomes mandatory 
to improve the collaboration between HCI (usability) engineering and software 
engineering. This paper looks into the fallacies of product development process 
in practice and draws lessons learned. 
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1 Human-Computer Interaction Design and Development 
Process  

Within overall product design phase of the product development life cycle, human-
computer interaction (HCI) design plays a very crucial role. User interface and user 
experience have gained the status of one of the main source of differentiation and 
competitive advantage. As key success factors they also contribute in building the 
great brands, e.g. iOS, Android, and so on. 

In a global industry like Automotive, the user interface design and development is 
distributed over various locations inclusive of locations in emerging economies. 
Designing a universal user interface which could give same level of user experience 
and satisfaction to different user groups has always been a real challenge. In user 
interface design specification, it has become essential to take consideration of 
intercultural issues and human factors into account (cf. [4]). Additionally, it does 
almost become necessary to consider the intercultural issues and human aspects 
during each phase of the HCI design process (cf. [5]) as well as of the software (SW) 
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development process. Especially when the user interface design is specified in one 
region and the product is sold in different parts of the world with users having 
different cultural and technical background (cf. [6]). The implementation, nowadays, 
is mostly done completely or at least for major parts in best cost locations (in 
emerging markets) by people with completely different cultural background.  

It is not only necessary to use the empathic design approach ([7]) to identify the 
latent needs of end users; but also necessary to consider the distributed participatory 
(cooperative) design approach involving all the stakeholders (e.g. employees, 
partners, customers, citizens, etc.) inclusive end users ([8]) to make sure the product 
designed meets user needs and is usable. It is also mandatory under current context 
together with having empathic design of the product also to design empathic 
development process. One possibility to reduce the problems and to exploit the 
synergy effects is to establish an integrated product development process.  

The whole product development process could be an integrated process with HCI 
(usability) orientation with collaborating life cycle processes of HCI (usability) 
engineering and software engineering within it. 

2 Need for an Integrated Product Development Process 

Curtis and Hefley (of the Software Engineering Institute) identify three requirements 
for integrating user interface engineering into product engineering ([9], p. 30): 

• "[..] a process needs to be defined for specifying, designing, building, testing, and 
evaluating a user interface. [..]", 

•  "[..] this defined process needs to be integrated with the defined process used for 
developing the remainder of the product (hardware, software, etc.). [..]", 

• "[..] The organization must have an established project management discipline, so 
that it can manage a well-defined process and avoid making commitments that 
even a sound engineering process could not satisfy. [..]". 

Deborah Mayhew has detailed suggestions on appropriate activities for a development 
process that integrates usability tasks into the software development ([10], [11]). 

In sequential product development (cf. Figure 1), the software development 
process shall follow the HCI design process (like in waterfall model, cf. [12]). 

 

Fig. 1. Traditional Product Development Life Cycle (based on [10]) 

Due to very high market dynamics and market demands for shorter and shorter 
time-to-market cycles, the product development has been forced to adapt more and 
more concurrent product development life cycle processes. And, in practice the 
development process contains multiple loops of incremental and iterative 
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development phases. In such a concurrent and iterative product development both, the 
HCI design process and the software (SW) engineering process, do run more or less 
as two parallel life cycle processes and there are feedbacks between the phases of 
both processes (cf. [13] and Figure 2). 

 

     

Fig. 2. Integrated Product Development Process 

In the whole product development there are many stakeholders involved (cf. [14]). 
All these stakeholders like human-factors specialists (ergonomists), interaction 
designers, graphics / sound / haptic designers, software developers and R&D 
engineers, who are all supposed to be HCI specialists, shall work closely with the 
end-user and at the same time also with the customer (product engineering and 
product marketing) (cf. [15]). The whole product development and especially user 
interface development is highly people intensive. People involved do have different 
levels of motivation, creativity and HCI design (usability) orientation (cf. [16]). This 
is even truer of people involved in the distributed development process spanned over 
industrialized and emerging markets. The distributed development process makes it 
mandatory that all the stakeholders must have the same level of HCI design (usability) 
awareness and the whole product development process must have achieved higher 
stage (i.e. at least greater than 3) of usability maturity ([17]). 

3 A Case Study 

It was requested to analyze the current status of a commercial product’s development 
process in a very advanced stage of development (actually just before the commercial 
launch). There were lots of product usability issues, software stability problems and ever 
increasing customer reported errors (some of them not fixed for one and a half years). 
Major shortcomings of overall product development process from product usability 
point of view were result of lack of understanding of usability and erroneous planning. 
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3.1 Missing Common Understanding of “Usability” 

The standard definition of usability is given in section 3.1 of ISO 9241-11:1998(E) as: 
“The extent to which a product can be used by specified users to achieve specified 
goals with effectiveness, efficiency and satisfaction in a specified context of use.” 
([18]).  

Unfortunately when the product development process is not usability aware, all the 
stakeholders involved in product development have different or wrong understanding 
of product usability. 

3.2 Usability Engineering Activities Not Planned Properly 

Due to budgeting issues, involvement of usability engineering (UE) specialists could 
not be planned (Indian vs. German argumentation style, cf. [19]): Involvement of UE 
specialists could not be planned due to budgeting issues. The minimalistic UE process 
followed was decoupled from SW engineering process. 

The user interface specification was prepared by the function/system-specialists, 
developed for the very first time within the SW development process and finalized in 
the advanced phases of SW development. The user interface specification was 
developed without proper consideration of statutory requirements of various markets 
as well as of expectations of users from various markets and with varying personality, 
culture and technical background. 

The user interface was not designed with usability (in its true sense) in mind. The 
user interface was developed / implemented without human (user) orientation as well 
as without activity (task/usage) orientation. 

Usability tests, if at all, were performed with main focus being on functionality and 
only in Germany. The end user was not involved at all or if involved only during 
certain phases and not throughout the development process as well as not in the initial 
phases (neither in HCI analysis phase nor in HCI design phase). 

3.3 Software Engineering Process Issues 

Apart from above mentioned usability engineering issues there were also other 
specific issues of SW development process.  

In the distributed SW development, the SW development process of best cost 
locations was not at all integrated with the development process of high cost (often 
strategy driving) locations. Specifics are detailed in the following chapter. 

4 Lessons Learned 

Due to the aspects presented above, the inconsistencies of product design from 
usability point of view as well as inconsistencies of the chaotic product development 
process had to be eliminated. Therefore, the following project and process specific 
urgent activities had to be carried out in retrospect. This led to additionally more 
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efforts and costs which could have been save if the recommendations and lessons 
learned presented in the following would have been known and considered in 
advance. This resulted in delayed product launch and reduced return on investment. 
Only through the merciless mission of the task force constituted of highly esteemed 
but very expensive experts, the image of the company could finally be saved. 

4.1 Project Specific 

A structural refactoring of HCI design style guide followed by the SW architecture 
restructuring was taken up. HCI design style guide was updated for interaction 
concept, feedback strategy and overall consistency. 

Application restructuring was done with goals of improving code quality (e.g. 
commenting, coding guidelines, and naming conventions),  architectural quality (e.g. 
modularity, maintainability, extensibility, and testability) and performance quality 
(application task schedulability, application task execution time, system/HMI 
response time, input/key handling algorithm). The application documentation e.g. 
architecture and design documents, were also prepared. Preliminary usability tests 
were performed during design update phase with surrogate users and after 
implementation with end users. 

For system architectural issues/optimizations it was suggested to do system 
performance measurements and analysis. Then, depending on the impact analysis it 
was decided which modifications/improvements must be implemented. At this later 
stage of development it was possible to implement only the low impact architectural 
improvements. Additionally, some graphics resource optimization (e.g. graphics 
layer, icons, fonts, texts, languages, etc.) and graphics performance optimization (e.g. 
graphics rendering, screen transitions, animations, etc.) were also done. Unfortunately 
the amount of improvements carried out had to be restricted to minimum in order not 
to over-escalate budget and timeframe. 

4.2 Process Specific 

It was observed that there is an urgent need of: 

a) integrated product development process with HCI (usability) orientation 
(awareness/maturity) facilitating an effortless collaboration between usability 
engineering (UE) and software engineering (SE), 

b) all stakeholders having to acquire awareness and knowledge about end-users and 
their usage context, 

c) SW engineers having to understand and master HCI design methods and tools, 
d) deploying of better SW architecture/module design methods and tools for 

seamless process integration, 
e) usability (HCI) engineering professionals having to start thinking and working like 

engineers and additionally being able to understand how the technology under use 
and its limitations affect the product’s usability, 
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f) management not seeing usability engineering activities as unessential and 
therefore supporting the usability testing, 

g) setting up correct product usability goals using proper (or to be developed) 
usability testing methods and tools. 

 
Additionally following usability life cycle processes of product development should 
also be strengthened (cf. ISO 9241-210/220).  

Proper project infrastructure is mandatory for enabling better information flow 
between multi-location teams. It also assists in achieving higher levels of integration 
for a multi-location development process (cf. [20]). 

Project management (multi-location / multi-project): as recommended by Curtis 
and Hefley ([9]), an organization must have acquired a high level of capability in key 
process area of international project management (cf. [14]). 

Localization management: it is very important to manage region specific issues 
during the product development. E.g. a specific market’s legal requirement of having 
to display a disclaimer was added just before launch. 
  Personalization management: as a mandatory requirement of internationalization it 
is almost compulsory for each product to have personalization feature (e.g. user 
specific settings). These issues have also to be managed properly during product 
development. E.g. units’ selection options were extended just before launch. 
 Test management was one of the most underestimated activities in the product 
development planning. Usability tests must be planned by project management 
throughout the whole product development process. 

4.3 Product Development Process Review and Process Improvement 

It was a good decision from management to appoint a person who had good 
experience of SW platform as well as of HCI development, who also knew the SW 
development process, methods and tools very well and has the same cultural 
background as the development team at the offshore location. 

As an external consultant to the project that is in advance stage of development life 
cycle, one  

• has to gather a quick overview of current status of the project; 
• must also understand in very short time the SW system – system platform as well 

as the application; 
• has also to analyze the overall development process and especially the HCI 

development process (incl. methods and tools) as well as the SW development 
process. 

 
To support the project’s development team it was necessary to provide onsite 
coaching and consulting in areas such as project management, problem resolution 
management, SW testing, SW construction, SW integration, SW release, etc. as well 
as to provide coaching and consulting of the SW development team for usability 
engineering techniques. 
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5 Conclusions 

The whole product development process must be an integrated process with HCI 
(usability) orientation with collaborating life cycle processes of HCI (usability) 
engineering and software engineering within it. All stakeholders of a product 
development must inculcate awareness and acquire knowledge about usability, user 
experience and HCI design as well as about SW engineering. In other words, the top 
management and the project management must support global HCI engineering and 
SW development teams from the beginning through committing and enabling them to 
use the most appropriate know-how, processes, methods and tools. 
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