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TECHNOLOGY RENOVATES ITSELF: KEY CONCEPTS ON 
INTELLIGENT PERSONAL ASSISTANTS (IPAS) 

Aras Bozkurt, Nil Goksel 
Anadolu University (TURKEY) 

Abstract 
Our lives have become more fast-paced and hectic than ever before! We communicate, interact and 
learn online. In this regard, Intelligent Personal Assistants (IPAs) play a pivotal role in creating a frame 
with its convenience service that offers a simple, fast and hassle-free connection on which users can 
communicate through Natural Language Processing (NLP). In other words, IPAs may facilitate human-
machine interaction in which users can become active participants during online interaction. In this 
regard, this study explores IPAs and identifies key concepts by examining existing literature. For this 
purpose, the research benefited from social network analysis (SNA) and covered 34 years of research 
(From 1983 to 2017). To this end, the research sampled keywords of the 274 publications according to 
their co-occurrences and visualized overall IPA network within the scope of the sampled publications. 
With a special focus on educational context, the research findings revealed six major themes: (1) 
Intelligent assistants exist in diverse forms (2) artificial intelligence as the soul of the intelligent 
systems (3) spoken conversation between human and nonhuman entities (4) rising concerns (5) 
human-machine interaction and (6) machine to machine interaction. The research discusses these 
themes and further reveals the potential of IPAs for educational use. By providing suggestions on how 
to use IPAs in online learning processes (e.g.: e-learning, m-learning, and u-learning) the research 
concludes that IPAs emerge as a promising emerging research area and considering the technologies 
employed, the evolution of IPAs can go beyond our imaginations. 

Keywords: Intelligent personal assistants, artificial intelligence, intelligent assistants, virtual assistants, 
intelligent agents, natural language processing (NLP), online learning.  

1 INTRODUCTION 
One of the things we cannot give up in our incredibly fast lives is technology. We make use of 
technology while organizing our own lives, acquiring instructional information, and interacting with 
others. Intelligent Personal Assistants (IPAs), which were developed upon artificial intelligence 
technologies, seem to be great helpers with many features that make life easier for users. More 
importantly, by using Natural Language Processing (NLP), these assistants answer user queries via 
voice commands that can be regarded as real-like conversations. Through natural language 
processing used within these systems, individuals feel like they are talking to a real person.  

NLP, is a subfield of Artificial Intelligence and linguistic, devoted to make computers understand the 
statements or words written or spoken in human languages (Chopra, Prashar & Sain, 2013). NLP 
“focuses on developing methods and computational algorithms for understanding and generating 
language” (Rus, 2013, p. 1402). By means of NLP, users have an opportunity to have a dialogue with 
an intelligent device that behaves like a human. This may seem to be a giant step for human-machine 
interaction as these assistants play a significant role in understanding the commands given by the 
users, defining the voice commands, transferring the command and finding the necessary information 
within a semantic question and answer form. However, there are still some obstacles regarding the 
coordination and understanding between the user and the system that causes mutual understanding 
to be elusive (Kondratyuk, 2017). 

Intelligent Personal Assistants (IPAs), as software agents using NLP in an integrated system, 
recognize users' commands, fulfil the existing requirements scenarios, and give the right response in a 
very short time. This may be  a remarkable development in terms of recognition of humans by 
machines. IPAs also have the ability to adapt themselves to their users by gathering information on 
repeated actions and creating awareness on data related to those actions (Santos et al. 2016). The 
question that comes to mind here is whether IPAs can be used for individual learning. Because a 
device that recognizes its user’s commands over time may also have information about the same 
user's learning tendencies. In this connection, there is a need to revisit related literature regarding the 
key concepts of IPAs and see how IPAs could be used within the scope of educational contexts.  
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2 BACKGROUND 
With close ties to the above mentioned  points, IPAs facilitate the lives of individuals as information 
systems that directly address, define and respond to the commands of users. Enriched by NLP, these 
information systems enable the creation of genuine dialogues by stimulating users to feel that an 
individual is talking to a person rather than a machine. With a pre-written scenario algorithm in which 
Artificial Intelligence technologies and interactive content are used, IPAs can regulate users' day-to-
day schedules, record the collected information about the needs of users, and recall them when 
necessary.  

Some of the examples that use Artificial Intelligence's improved algorithms include Amazon Echo, 
BlackBerry Assistant, Braina, HTC-Hidi, Maluuba Inc-Maluuba, Motorola-Mya, Samsung-S Voice and 
Samsung’s Bixby, Cognitive Code-SILVIA, Nuance-Vlingo, LG-Voice Mate, IBM-Watson, Dragon, 
Indigo, Skyvi, Voice Actions, Voice Search, EVA Intern, Iris, IBM Watson, Maluuba, Evi, Jeannie, 
Speaktoit, AIVC, Wolfram Alpha, Dahi, Duolingo, Ata, Jeannie, Andy X, ACO-Assistant B, Anki, 
Memrise, Pimsleur, Livemocha and Facebook’s M. Among these assistants, the well-known examples 
can be named as Apple’s Siri, Google’s Google Now, Samsung’s S Voice, and Microsoft’s Cortana. 
These assistants, with some machine learning techniques, learn the procedure of doing various tasks 
while creating an interaction between human and computer through a natural language used in digital 
communication.The characteristics of each of these assistants differ from one another.  

All the above-mentioned assistants are designed with an aim to ease and comfort user’s daily lives by 
providing necessary and basic information when needed and requested. In other words, “by replacing 
a human being with actions in response to voice commands, these electronic devices help users who 
hesitate to interact with others and feel shy to ask queries or seek help in real life” (Lodhi, Mishra, 
Jain, & Bajaj, 2018, s.3). So, the devices take part in users’ lives by becoming the means by which 
they can make the most comfortable dialogue. 

3 IPAS FOR EDUCATIONAL PURPOSES 
The idea that IPAs or similar technologies can be used as a coach or cognitive assistant in 
educational context is not new (Baylor, 1999) but become very popular by recent developments just 
after 2000s. These technologies can be used to assist the learners to individualize their learning 
experience and create adaptive learning environments by taking into consideration learners’ 
differences in skills level, perspectives, culture and other educational contexts (Dizon, 2017; Jean-
Charles, 2018; Sampson, Karagiannidis and Kinshuk, 2002; Pais, Casal, Ponciano and Lourenço, 
2015; Soliman & Guetl, 2010). In these processes, NLP is very significant to build a better 
communication (Feng, Shaw, Kim & Hovy, 2006; Han & Yang, 2018) and opportunities that emerge 
with the advent of IPAs will increase when other concepts such as wisdom of things and semantic web 
mature and reach their full potential (Kar & Haldar, 2016).  

4 PURPOSE OF THE RESEARCH 
Advances and evolution of the intelligent personal assistants strictly stick to the recent developments 
in technology. Therefore, it is a research field which is subject to constant changes. In this regard, the 
purpose of this research is to reveal patterns and identify key concepts in research on intelligent 
personal assistants. 

5 METHODOLOGY 

5.1 Research design 
This research adopts data mining and the analytics method, and benefits from social network analysis. 
Social network analysis is useful to study, track, and compare the dynamics of communities and the 
influence of individual contributions. In social network analysis, networks are usually visualized in a 
social network diagram, where vertices are represented as points and edges are represented as lines 
to conceptualize and analyze them (Hansen, Shneiderman and Smith, 2010). In this research, 
keywords were identified as nodes and their relationships based on co-occurrences were identified as 
ties. 
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5.2 Sampling 
From 1983 to 2017, the research covers 34 years of research on intelligent personal assistants. For 
inclusion criteria, the sampled publications should be written in English, indexed in Scopus database, 
and to have the ‘intelligent personal assistant’, or ‘intelligent assistant’ in their title or keyword section. 
The final sampling process resulted in a total of 294 publications. The distribution of the document 
types are as following: Conference papers (n=208), articles (n=75), book chapters (n=6), and books 
(n=3). The time trend of the sampled publications indicates that while the number of the publications 
was steady between 1980 and 2000; there is an increase after 2000 and the research on intelligent 
personal assistants reaches its peak by 2016 and 2017 (Figure 1). 

 
Figure 1. Time trend for the sampled publications. 

6 FINDINGS  
The first phase of the research uses descriptive analysis to gain insight and see overall outlook 
(Figure 2). Accordingly, it was seen that a number of definitions were used to refer intelligent personal 
assistants interchangeably. For instance, intelligent assistants, intelligent agents, personal assistants, 
intelligent personal assistants, intelligent assistant systems, virtual assistants, and personal digital 
assistants are used to refer the same concept. Following that, keywords of the publications were 
exported to a social network analysis software by defining each keyword as a node and co-
occurrences as their relationship. In this phase, degree centrality and betweenness centrality metrics 
were calculated and then the network structure of 460 keywords were visualized on a sociogram 
(Figure 2).  

To refine analysis outputs and visualize core network, keywords whose betweenness centrality is 
below 1 were excluded which resulted with 60 keywords. These keywords, then, visualized on a grid 
layout (Hansen, Shneiderman and Smith, 2010) using Clauset-Newman-Moore cluster algorithm 
(Clauset, Newman and Moore, 2004) (Figure 3). 
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Figure 2. The outlook of overall IPA network 

 

 
Figure 3. Core concepts in sampled publications 
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Figure 4. Key concepts with degree and betweenness centrality values. 

The Social network analysis revealed that key concepts in intelligent assistant/intelligent personal 
assistant network (Figure 4). This was followed by developing major themes based on the keywords 
identified. 

1 Intelligent assistants exist in diverse forms (See path in Figure 3: Intelligent Assistants 
[No:1], Intelligent Personal Assistants [No: 2], Intelligent Agents [No: 3], Virtual Assistants [No: 
7], Intelligent Virtual Assistants [No: 9], Software Agents [No: No: 19], and Personal Assistants 
[No: 27]). According to this finding, it can be said that, with minor nuances, there is no single 
form of IPAs and there is a need to explain how these forms differ from each other. 

2 Artificial Intelligence as the soul of the intelligent systems (See path in Figure 3: Artificial 
Intelligence [No: 5], Expert Systems [No: 10], Adaptive Systems [No: 14], Data Mining [No: 20], 
Semantic Network [No: 25], and Machine Learning [No: 30]). This finding indicates that IPAs 
and developments in the field of AI is intertwined and behind the visible structures of IPAs, it is 
AI that defines the future of IPAs. 

3 Spoken conversation between human and nonhuman entities (See path in Figure 3: 
Spoken Interaction [No: 4], Chatbots [No: 6], Conversational agents [No: 8], Speech 
Recognition [No: 15], Spoken Dialogue System [No: 15], Natural Language Processing [No: 18], 
Conversational Interfaces [No: 22], and Question Answering [No: 28]). Obviously, the digital 
partners seem to be imitate the way humans communicate and adapt spoken conversation to 
communicate and interact. This is thought to be important especially for their acceptance and 
being an integrated part of our daily lives. 

4 Human-Machine Interaction (See path in Figure 3: Human-Agent Interactions [No: 23], and 
Human-Computer Interaction [No: 26]). This type of interaction is a base and further supports 
that developments in NLP is a driver of advancements in IPA research. 

5 Machine-Machine Interaction (See path in Figure 3: Internet of Things -IoTs [No: 29]). 
Considering that it is very significant, the communication and interaction is not limited to only 
humans but includes other machines which can increase their potential through a shared 
wisdom among which can further lead to learn from each other.  

6 Rising concerns (See path in Figure 3: CyberTrust [No: 13], and Security [No: 24]). This 
finding reveals an important aspect. Though the potentials of IPAs, there are some challenges 
mostly stem from security concerns. 

7 CONCLUSION 
Based on the themes emerged in this research and impressions gained from the existing literature, the 
researchers can suggest that different forms of IPAs can be a leverage to integrate them into different 
phases of educational processes. Accordingly, AI can be thought as the soul of IPAs and therefore, 
the developments in AI will increase the degree of perceived as real, that is their social presence in 
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educational settings. Considering that learning is a social process, IPAs promise for human-machine 
interaction by employing NLP and machine-machine interaction by benefiting from emerging 
technologies such as IoTs. On the other hand, while opportunities derive from IPAs are promising, 
there are some challenges that should be handled for a wider acceptance and adoption. 

In sum, considering that technology enhanced forms of educational processes such as e-learning, m-
learning, and u-learning which have become a part of mainstream education, the research concludes 
that IPAs emerge as a promising emerging research area and considering the developments in 
technology, the evolution of IPAs can go beyond our imaginations.  
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