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ABSTRACT1 

The user interfaces promote the interaction with the software system to achieve the users' goals. In 
this way different types of interaction are provided, such as direct manipulation, web UI or 
tangible interaction. These interfaces have evolved, including artificial intelligence and adaptation 
mechanisms to answer the evolution of the technological areas. From this evolution emerged the 
intelligent user interfaces that aim to be more effective, efficient, and natural.  
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Considering the importance of IUI nowadays, we have performed a systematic literature review to 
investigate the design trends of IUIs in the context of contemporary software systems, such as 
software systems based on internet of things (IoT) or dedicated to smart cities. Preliminary results 
show which models and technologies are most used to develop IUIs, and which application domain 
is mostly represented. 

CCS CONCEPTS 
• Human-centered computing → User interface design; Empirical studies in interaction design • 
General and reference → Surveys and overviews. 

KEYWORDS 

Intelligent user interface; systemic literature review; evidence-based software engineering. 

RÉSUMÉ 
Les interfaces utilisateur (IU) visent à favoriser l'interaction avec le système pour permettre aux 
utilisateurs d'atteindre leurs buts. Ainsi, différents types d'interaction sont possibles, tels que la 
manipulation directe, les interfaces web ou l’interaction tangible. Ces interfaces ont évolué au fil du 
temps, tout en intégrant des mécanismes issus de l'intelligence artificielle, tels des mécanismes 
d'adaptation, pour répondre à l'évolution des domaines technologiques. De cette évolution ont emergé 
les interfaces utilisateur intelligentes (IUI) qui visent à être efficaces et naturelles. Ainsi nous sommes 
en train de mener une revue systématique de la littérature pour étudier les tendances de conception des 
IUI dans le contexte des systèmes logiciels contemporains (SLC), tels que les systèmes basés sur 
l’internet des objets ou dédiés aux villes intelligentes. Les résultats préliminaires montrent quels sont 
les modèles et technologies les plus utilisés pour développer des IUIs, ainsi que le domaine 
d'application le plus représenté. 

MOTS CLÉS 
Interface utilisateur intelligente ; revue systématique de la littérature ; génie logiciel basé sur des 
évidences. 

INTRODUCTION 
The concept of software systems and the way to develop them have evolved in the last decade. 
New kinds of software systems, here called contemporary software systems (CSS) – for instance, 
systems based on the internet of things (IoT), dedicated to smart cities or smart home, among 
others – have experienced many challenges regarding their engineering [20].  
An essential component of these software systems is the user interface (UI) that also has evolved 
[14][19]. This evolution generates “human-machine interfaces that aim to improve the efficiency, 
effectiveness, and naturalness of human-machine interaction by representing, reasoning, and acting on 
models of the user, domain, task, discourse, and media” – intelligent user interfaces (IUIs) [19], which  
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Figure 1.  Systematic review process 
(adapted from [5]) 

 

 
 
 
 
 
 
 
 
 
 

use artificial intelligence (AI), human-computer interaction (HCI), software engineering (SE) and 
other techniques to promote more natural and usable human-machine interaction.   
Besides, these interfaces belong to software systems that are capable of adapting themselves to 
their users [27]. For this, the behavioral characteristics of the users are stored in different models 
(such as user model, device or platform model, environment model, interaction model, task model, 
and others). Thus, the IUIs change their behavior according to the models to adapt to a person or 
task or, more generally to the context [9] [26].  
The technical literature makes available many works analyzing IUIs from different perspectives 
[6][12][14][26][27]. However, to the best of our knowledge, no work has analyzed IUI in the 
context of CSS. In this way, this paper presents the review process, the research protocol, and the 
preliminary results of a systematic literature review (SLR) concerning the design trends of IUIs in 
the context of CSS.  

RELATED WORK  
This section presents literature reviews on IUIs. Hefley and Murray [12] discuss design and 
implementation issues to build intelligent systems; they suggest that user interface management 
systems (UIMS) architectures can be used to build intelligent interfaces. 
Ross [26] discuss IUI paradigms and techniques; the results show how this type of interface can 
improve communication between humans and machines.  
Jaquero et al. [14] discuss the evolution of IUIs looking for the components of these interfaces, 
artificial intelligence techniques, runtime architecture, and models.  
Bittencourt et al. [6] conducted an SLR regarding multiple-device inclusive environments; one of 
the research questions aims to identify the user interface categories (for example, tangible user 
interface, natural user interface, among others) that have been used in the design of multi-device 
inclusive environments.     
Sanchez et al. [27] conducted a systematic mapping to identify which applications (such as a 
ubiquitous system) have adopted IUIs in the context of Ambient Assisted Living (AAL). The 
interaction mode most commonly used is visual.  
All these works discuss IUIs from different perspectives, especially about the evolution of this type 
of interface over time. However, none of these works investigated the design of IUIs in the context 
of CSS following an SLR process. 

RESEARCH METHOD   
The research method followed in this paper is SLR – a method that presents a procedural and 
rigorous strategy to characterize the current state of researches in different domains [5][16]. An 
SLR defines a systematic review process to guide the literature search and produce a research 
protocol enabling search replicability. In this research, we used the review process (Figure 1) 
proposed by Biolchini et al. [5]. Up to now, five researchers performed all activities – the authors 
of this paper.  
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Figure 2.  Search engines results  

 

 

Figure 3.  Execution overview 

Planning   

In this step, we defined the objectives, research questions, and methods for the execution and 
analysis steps. We also defined the search string, a set of inclusion (I), and exclusion (E) criteria to 
filter the papers and selected the search engines. All these items and others composed the research 
protocol (see Table 1). To organize and structure the search string, we used the PICO approach 
[22]: Population of interest, Intervention, or exposure being evaluated, Comparison 
intervention (if applicable) and Outcome. We did not apply any comparison considering the 
objective of this research (mainly characterization). 

Execution    

In this step, we iteratively executed and refined the search string presented in Table 1. The search 
string was executed twice in two search engines (Scopus – indexes content from 24,600 working 
titles and 5,000 publishers (source: https://www.elsevier.com/solutions/scopus) - and Web of 
Science – a complementary search engine of Scopus) – 3rd December 2018 and 5th June 2019.  It 
resulted in 561 papers (482 from Scopus and 79 from Web of Science - see Figure 2). After that, we 
applied the set of inclusion and exclusion criteria (first E3 and E4, and second E1 and E2) for all 
papers – see Figure 3. Thus, we got 159 papers for full reading. Unfortunately, we did not have 
access to five papers (criterion E6) and two papers were not written in English; so they were 
excluded from the final set. Also, one paper is a systematic mapping study [27]; thus, it was 
analyzed as related work. Therefore, we selected 151 papers for full reading. 

Result Analysis 

In this step, we read 151 papers and extracted their relevant data concerning each research 
question. For the extraction, we used an extraction form (see part of the form in Figure 4). We are 
currently analyzing the extraction forms to decide which papers will be kept. After that, the 
extracted data will be assembled and interpreted (quantitative and qualitative analysis using 
grounded theory methodology [29]) to answer all research questions. 

Packaging 

In this step, executed throughout the whole process, we keep all decisions, collect and document 
all SLR data using specific templates and tools (JabRef, spreadsheet, word processor, google drive, 
QDA Miner for qualitative analysis, among others). 

PRELIMINARY RESULTS    
Analyzing the 151 papers, we can discuss the preliminary results. Looking for the frequency of 
papers by year (1986-2019), we have one paper published in 1986 [7] and one paper published in 
2019 [30]. Besides, 2007 (17 papers) and 2011 (15 papers) are the years with the most significant 
number of papers published. In 2007, fourteen papers were published in conferences and three in 
journals. 
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Population = ("contemporary software systems" OR 
"interactive system" OR "intelligent system*" OR "Context-

aware* system" OR "ubiquitous system" OR "ambient 
intelligent" OR "ambient intelligence" OR "assisted living" OR 
"multiagent systems" OR "systems of systems" OR "internet 

of things" OR "IoT" OR "Cyber Physical Systems" OR 
"autonomous systems" OR "autonomic computing" OR 
"Multi-Agent Systems" OR "Pervasive Computing" OR 

"Mobile Computing" OR "Distributed Systems" OR 
"Cooperative Robotics" OR "adaptive systems" OR "Industry 
4" OR "fourth industrial revolution" OR "web of things" OR 

"Internet of Everything" OR "smart manufacturing" OR 
"digitalization" OR "digitization" OR "digital transformation" 
OR "smart cit*" OR "smart building" OR "smart health" OR 
“Healthcare” OR “health* information system” OR "smart 

environment" OR “Recommender system” OR 
“Recommendation system”) 

 
 
 
 

Intervention = ("smart user interface" OR "Intelligent user 
interface" OR "adaptive user interface" OR "context-sensitive 

user interface" OR "multimodal user interface" OR "smart 
human computer interface" OR "Intelligent human computer 

interface" OR "adaptive human computer interface" OR 
"context-sensitive human computer interface" OR 

"multimodal human computer interface" OR "smart human 
machine interface" OR "intelligent human machine interface" 

OR "adaptive human machine interface" OR "context-
sensitive human machine interface" OR "multimodal human 
machine interface" OR "smart graphical user interface" OR 
"Intelligent graphical user interface" OR "adaptive graphical 

user interface" OR "context-sensitive graphical user interface" 
OR "multimodal graphical user interface" OR "IUI") 

 

 

Outcome = ("Method" OR "Model" OR "Technique" OR 
"Methodology" OR "framework" OR "technolog*" OR "design" 

OR “Adaptativity” OR “Evaluation” OR “Platforms”) 

 

 

Table 1. Research protocol 

Objective The objective of this research is to observe and characterize the evolution of IUI 
design tendencies (methods, models, techniques, methodologies, frameworks, or 
technologies) in the context of contemporary software systems. 

Research 
questions 
 

Main Question: SQ0 - What are the CSS solutions making use of IUIs? 
Secondary questions:  
SQ1 - What are the primary (where) and secondary (for what) domains in which 
IUI are used? 
SQ2 - Which are the trends regarding the using of IUI in CSS?  
  SQ2.1 - What characterizes the IUI used in CSS along the time? 
     SQ2.1.1 - What adaptivity criteria regarding IUI are taken into account? 
     SQ2.1.2 - What adaptivity decision(s)/reaction(s) is (are) taken into account?  
    SQ2.1.3 - What are the types of models used in CSS with IUI? (for instance 
context model,  dialogue model, task model, domain model, user model, etc.) 
    SQ2.1.4 - What are the software technologies (e.g., methods, techniques, 
tools, machine learning technologies, etc.) used to the definition of the IUI? 
    SQ2.1.5 - What are the software technologies (e.g., frameworks, 
environments, etc.) used to the realization of the IUI? 
SQ3 - How the IUI has been evaluated in CSS? 

Search string Population AND Intervention AND Outcome 

Engines Scopus http://www.scopus.com/ and Web of Science http://www.isiknowledge.com/ 
Inclusion and 
exclusion 
criteria 

Inclusion Criteria: I1 - To talk about IUI; I2 - To present methods, models, 
techniques, methodologies, technologies, or frameworks used for IUI design. 
Exclusion Criteria: E1 - Not concerned with IUI; E2 - Not talking about methods, 
models, techniques, methodologies, technologies, or frameworks dedicated to 
IUI design; E3 - Books, book chapters that are not from conference proceedings, 
book prefaces, summaries of conferences, editorials, retracted articles; E4 - 
Studies in duplicity; E5 - Articles presenting partial results of a complete study 
that is selected; E6 - Not being available. 

 
Regarding the publication type, journals published 24 papers and 127 in conferences. Looking for 
journal publications, we can note that: (i)  Interacting with Computers had four publications 
[2][9][13][15]; (ii) ACM Transactions on Computer-Human Interaction had two publications 
[25][28]; (iii) Intl. Journal of Pervasive Computing and Communications had two publications 
[10][31], and (iv) the other sixteen papers were published in different journals. Analyzing the main 
question (What are the CSS solutions making use of IUIs?) of this research we have noted that many 
of the proposed solutions such as Ambient Intelligence, Cyber-physical system, interactive system, 
smart health, smart home, and smart environment are developed to healthcare application 
domain (e.g.  [1] [3] [8] [21].  
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Type of CSS (SQ0) - The CSS  type (Context-aware 
system, ubiquitous system, IoT, Industry 4.0, Smart 
cities, among others) discussed in the paper. 
Type of IUI (SQ0) - The type of IUI discussed in the 
paper. 
Domain type (where) (SQ1) - The domain type 
where the IUI is proposed in the paper, according to 
Kotonya et al. [17]. 
Application type (for what) (SQ1) - The application 
type where the IUI is proposed in the paper, according 
to Kotonya et al. [17]. 
Adaptivity criteria (“to what”) (SQ2.1.1) - To what 
does the IUI adapt (adaptation/adaptivity criteria)? 
Adaptivity decision (“what to do”)  (SQ2.1.2) - 
What does the IUI do (adaptation/adaptivity 
decision/reaction)? 
Type of model  (SQ2.1.3) - The type of model 
discussed in the paper (context model, dialogue model, 
task model, domain model, user model, and so one). 
Software Technologies for Definition (SQ2.1.4) - 
The software technologies (methods, techniques, tools, 
machine learning based technologies,  processes, and 
others) used to the definition of the IUI. 
Software Technologies for Realization (SQ2.1.5) -
The software technologies (frameworks, environments, 
machine learning based components, and others) used 
to the realization of the IUI. 

Figure 4.  Part of the extraction form 
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Other solutions are also proposed, such as adaptive system, context-aware system, recommender 
system, smart city, smart environment, ubiquitous computing, among others to different 
application domains (e.g., electronic commerce, transportation, museum, and others). 
Regarding the user interface categories discussed in the papers, we have identified adaptive user 
interface (AUI); context-sensitive user interface; intelligent user interface (IUI); multi-modal user 
interface; and smart user interface.  IUI (e.g. [3] [31]) and AUI (e.g. [1] [15] [18] [23] [24]) are the 
expressions most used.  
When we look for the types of models used to design the IUIs, we have identified: abstract user 
interface model; adaptation model; concrete user interface model; context model; device model; 
dialog model; environment model; interaction model; layout model;  ontology model; platform 
model; presentation model; task model; user model; among others. Context model, dialogue 
model, and user model are the models most cited in different solutions (e.g. [1] [11] [15] [18] [23] 
[24] [31]).  
We have identified many software technologies used to design and develop the user interfaces:  
adaptation rules; development process; generic architecture/framework; machine learning 
techniques; model-based approach [1] [23]; model-based architecture (with transformation 
rules); model-based user interface development (MBUID) approach; model-driven approach (based 
on CAMELEON-RT [4]) [1] [18]; multi-agent architecture; natural language processing; user-
centered design approach; etc.  
In general, the IUIs adapt to the context of use; context changes; device characteristics; platform 
characteristics; users´ actions; user behaviors; users´ characteristics; users´ preferences; users´ 
needs; among others (e.g. [1] [11] [15] [18] [23] [24]).  

NEXT STEPS     

In this paper, we presented the preliminary results of an SLR regarding the design trends of IUIs in 
the context of Contemporary Software Systems (CSS). We have identified several models, 
methods, techniques, tools, processes, frameworks, among other technologies being used to 
develop IUIs.  
CSS present specific behavioral characteristics, embedded technologies, heterogeneity of devices, 
and others. Sometimes the combination of these features can make the user interface “invisible” 
for the user. In this way, the IUIs in the context of CSS need to manage the behavior of different 
devices, technologies, and software systems to adapt to a person, a task or a context. 
The preliminary results show that the healthcare domain can provide interesting representatives of 
CSS. Besides, the context model, dialogue model, and user model are the models most cited by 
different authors, which justifies the use of model-based approaches to IUI development.  
The next steps concerning this research are: (i) analyze the extraction forms to decide which papers 
will be kept; (ii) interpret the extracted data (quantitative and qualitative analysis) to answer all 
research questions; (iii) propose a new technology for IUI development. To that end, we are 
applying Ground Theory methodology [29]. 
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