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Augmented reality (AR) is a fascinating information visualization technology. While 

Thomas Caudell coined the term AR in 1992, technology development over the recent 

years led to AR’s unprecedented growth, making it a mainstream concept and a multi-

billion dollar industry. AR is “a system that enhances the real world by superimposing 

computer-generated information on top of it.” Where virtual reality (VR) provides users 

with experiences within a synthesized world, AR forms part of a mixed reality concept 

at the center of the spectrum between actual reality and total virtuality.  

Despite the proliferation of AR via the diffusion of mobile devices, the technology 

remains limited in its ability to provide relevant and personalized experiences.  Earlier 

research focuses on limited personalization factors and external AR experience triggers. 

Considering this situation stimulated the idea of incorporating human needs into an 

augmented reality system to generate focused and individualized suggestions.  Needs 

satisfaction is among the primary drivers of an individual’s actions and behavior, and 

integrating those needs into information systems represents a step towards achieving a 

pervasive environment.  Achieving the concept of AR personalization through the 

detection and satisfaction of basic human needs requires more research. The detection 

involves utilizing sensors to identify a human’s presence and requisites in different 

areas, for example, health and well-being, marketing, and entertainment. 

To enhance augmented reality using human needs in pervasive experiences, the research 

fulfills three objectives.  First, it develops an in-depth understanding of individual 

necessities by assessing the knowledge and practices around basic needs in computing 

systems.  Second, it maps various needs to relevant data elements and sensor 

requirements.  Third, it formulates artifacts (models and processes) to support the 

development of AR systems based on basic human needs.  

In achieving these objectives, the dissertation contributes a review of the literature on 

human needs and pervasive environments, details of the process used to analyze basic 

needs and identify sensor requirements, and a formulation of guidelines for creating AR 

experiences based on human needs. 

Keywords: human needs, augmented reality, pervasive environments, software design 
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1 Introduction 

 

1.1 Overview 

Augmented reality (AR) is a fascinating information visualization technology (Iatsyshyn 

et al., 2019).  While Thomas Caudell (Caudell, Mizell, 1992) coined the term AR in 1992, 

technology development over the recent years led to AR’s unprecedented growth, making 

it a mainstream concept and a multi-billion dollar industry (Morris, 2021).  Augmented 

reality is “a system that enhances the real world by superimposing computer-generated 

information on top of it” (Furht, 2006).  Such systems offer a power that enables people 

to know more about the world than what their senses can perceive.  Where virtual reality 

(VR) provides users with experiences within a synthesized world, AR forms part of a 

mixed reality concept at the center of the spectrum between actual reality and total 

virtuality (Figure 1.1), enabling natural interaction with the environment with added 

information.  Three core characteristics describe an AR system: “it combines real and 

virtual, it is interactive in real-time, and it is registered in 3D” (Azuma, 1997).  

 

 

Figure 1.1: Scheme of AR environment  (Iatsyshyn et al., 2019). 
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Augmented reality technology has been broadly adopted in various fields, including 

education (Billinghurst, 2002), entertainment (Von Itzstein et al., 2017), manufacturing 

(Frigo, da Silva & Barbosa, 2016)), navigation (Cao et al., 2018), tourism (Serravalle et 

al., 2019), and space exploration (Gaskill, 2021).  Furthermore, AR has proven valuable 

in more critical applications, such as planning medical surgeries (Bichlmeier et al., 2009), 

ensuring safety on construction sites, and responding to disasters (Yagol et al., 2018).  The 

technology has arrived without prior notice in e-commerce applications (McLean & 

Wilson, 2019), video conferencing filters and effects, and social media applications1.  The 

rapid diffusion of smartphone technology has enabled the proliferation of AR technology.  

Nowadays, anybody with a smartphone can download an application and superimpose 

virtual content into the real world to create an AR experience.   

According to a PricewaterhouseCoopers2 analysis, “VR and AR have the potential to 

deliver a $1.5 trillion boost to the global economy by 2030” (Dalton & Gillham, 2019).  

This potential is based on two main factors: increasingly attractive benefits to business 

and improved user experiences due to technological advances.  Comparing the economic 

contribution of AR and VR, PricewaterhouseCoopers also suggests that “AR will 

continue to provide the bigger boost to GDP through to 2030, compared to VR” (Dalton 

& Gillham, 2019).  

Generally speaking, augmentation offers broad-ranging multimedia content pertaining to 

one of three categories: augmenting humans, augmenting creativity, and augmenting the 

world (Sage, 2017) (Figure 1.2).  The first category uses AR at the individual level, adding 

effects and filters to a person’s face or responding to body movement in interactive games.  

Augmenting creativity enables adding digital elements to enrich an existing artwork. 

Museums and branding applications augment creativity to bring products, paintings, and 

drawings to life.  The third category uses contextual elements to enhance real-life 

experiences; guided tours are an example of augmenting the world.  

 
1 See, e.g., https://snapcamera.snapchat.com/ 
2 https://www.pwc.com/ 
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(a) (b) 
 

(c) 

 

The benefits of using AR include providing opportunities to study “objects and 

phenomena, which are inaccessible for direct cognition but can be observed by the 

meanings of AR,” such as learning abstract math and science concepts (Merzlykin, 

Topolova, & Tron, 2018).  

One of the issues resulting from the digitalization of social life is cognitive overload, 

which describes a person needing to perform more operations than their capacity allows 

(Whelan, Islam & Brooks, 2017).  According to Iatsyshyn et al. (2019), AR technology 

can “unload the human brain, release some of the cognitive efforts, and help optimize its 

use.”  

Because AR provides easy access to services by adding layers of information without 

confinement to a specific location or complex equipment, it can revolutionize service 

provision (Yagol et al., 2018).  Examples of such services include businesses allowing 

customers to experience their products virtually, such as furniture from IKEA3, shoe 

samplers from Converse4, or makeup from the beauty company Sephora5 (Clark, 2019). 

 

 
3 https://apps.apple.com/us/app/ikea-place/id1279244498 
4 https://www.commarts.com/project/22835/converse-the-sampler 
5 https://www.sephora.sg/pages/virtual-artist 

Figure 1.2  (a) Augmenting humans, (b) creativity, and (c) the world. Sources: 

(Sage, 2017), (Keil et al., 2013), (Clark, 2019). 
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A report by the web-based augmented reality company Geenee foresees massive adoption 

of AR in many areas (McKinnon, 2022) (Figure 1.3), including: 

• AR Non-Fungible Tokens (NFTs): these are unique non-physical goods and 

experiences forming digital assets with real-world value.  

• Camera Commerce: this concept enables consumers to search and shop using QR 

codes and brings products to them wherever they are. 

• Immersive worlds: 5G, edge computing, and Web 3.0 form the bases of a new era 

of interactive and social entrainment worlds, a metaverse.  

• Wayfinding: Google maps, advances in geolocalization, and computer vision 

support the development of Wayfinding which are “information systems that 

guide people through a physical environment and enhance their understanding and 

experience of the space.”  

 

(a) (b) 

 (c) (d) 

 

Figure 1.3 Adoption of Augmented Reality in: (a) NFTs, (b) camera commerce, (c) 

immersive worlds (McKinnon, 2022), and (d) wayfinding (Pierce, 2019). 
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1.2 Research Problem  

Despite AR technology’s broad dissemination, it has yet to reach its full potential, still 

limited by hardware, regulations, safety risks, and content shortages (Joshi, 2019).  

Furthermore, most research focuses on current state-of-the-art experience triggers, such 

as markers, location, and movement in triggered augmentation (Edwards-Stewart, Hoyt, 

& Reger, 2016).  Although these triggers are valid initiators of AR experiences, this 

research contends that their relevance is limited by the experience design, which focuses 

on the experience rather than the user.  This limited relevance reflects that, in most cases, 

an AR experience does not attend to individual user needs.  Two terms have been 

developed to resolve this split: 

• Adaptive augmented reality, which Damala et al. (2012) define as “the process of 

adapting the augmented reality to the current context and personal characteristics 

of a user of an AR system.” An example of AR adaptivity is the ARtSENSE 

project for cultural heritage, which detects the psychological state, environment, 

and bio-signals of museum visitors to determine the appropriate AR content to 

display (Damala et al., 2012). 

• Personalized augmented reality, also known as customization of AR, describes 

“the process of making something suitable for the needs of a particular person” 

(Cambridge Business English Dictionary, 2021).  Existing research on AR 

personalization leaves room for exploration and further advancement (Ahn et al., 

2019). 

Although extant computing research has studied human needs and their satisfaction 

(Alharthi et al., 2017; Allen & Anderson, 2018; Alharthi, Guthier, & El Saddik, 2018; 

Reich, Schneider & Heling, 2018; Houghton, Pressey & Istanbulluoglu, 2020), the 

relationship between basic human needs and AR demands a closer look to develop the 

capacity for delivering reliable personalized experiences.  

Therefore, this research identifies the following issues: 

• One of the problems in AR personalization is that most studies focus on factors 

such as location, context, interaction, and profile information, to personalize 

experiences.  However, no record in previous references considers the actual basic 

human needs of an individual.  

• In most cases, the initiation of an AR experience requires external triggers such 

as markers and links, hence limiting pervasiveness. 
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• Previous literature does not identify methods or processes to incorporate basic 

human needs in augmented reality experiences, which is a concept worth 

exploring.  

The challenge of creating relevant AR experiences in an information-saturated 

environment motivates this work’s examination of human needs in developing AR 

experiences.  This research aims to deliver an in-depth understanding of individual needs 

and analyze the requirements for successfully utilizing those needs in pervasive 

environments to offer suitably tailored AR experiences. 

1.3 Supporting Technologies 

This section briefly describes the AR process and the technologies that support achieving 

the research vision, including sensor technology, ambient intelligence, and the Internet of 

Things.  General AR processes depend on several core techniques: tracking techniques, 

interaction techniques, calibration and registration, display techniques, and AR 

applications (Kim et al., 2018).  Mesárošová et al. (2017) propose three main categories 

to reflect the AR process: tracking, processing, and visualization (Figure 1.4), while 

Billinghurst and Thomas (2011) consider the process to include five steps: 

1. Construct a virtual world featuring a coordinate system that reflects the real world. 

2. Determine the position of the user’s viewpoint. 

3. Place the camera in the correct position and at the correct orientation. 

4. Render the physical world image on the user’s display. 

5. Superimpose virtual content over the physical world image. 

Figure 1.4: The AR process (A. Mesárošová et al., 2017). 
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Sensor technology is a core element of AR tracking systems.  Many tracking methods 

exist in AR: magnetic, vision-based, inertial, GPS, and hybrid tracking methods (Figure 

1.5). The vision-based tracking method is divided into different categories.  Each of the 

tracking methods is reliant on various sensors.  For example, inertial tracking uses inertial 

measurement unit sensors, including accelerometers, gyroscopes, and magnetometers 

(Billinghurst, Clark, & Lee, 2015).  Additional sensors should be considered to enable 

basic needs incorporation into AR systems. For example, health and biological sensors 

help monitor the state and condition of the individual to provide a detailed view of their 

health status and possibly enable the detection of health and nourishment needs.  

Figure 1.5: AR tracking methods (Billinghurst, Clark & Lee, 2015). 

 

Ambient intelligence (AmI) is essential in pervasive environments; the concept refers to 

devices and systems that operate seamlessly, embedding in the environment and 

disappearing into the background to enable an easy and intuitive interface (Aarts & de 

Ruyter, 2009).  Because AmI technologies are “sensitive, responsive, adaptive, 

transparent, ubiquitous, and intelligent” (Cook, Augusto, & Jakkula, 2009), AR is 

considered complementary to the AmI paradigm (Curran, McFadden, & Devlin, 2011).  

Moreover, AmI’s goal of weaving technology into the fabric of everyday life to cater to 

individual needs aligns with the present research’s principal concerns.  

The Internet of Things (IoT) describes technologies that provide valuable data that can 

enrich the development of AR experiences (Yusuf et al., 2020).  Overlaying information 

from the physical environment enables more intuitive interactions, making AR an ideal 

candidate for IoT applications (White et al., 2019).  Notably, since 2017, increasing 

numbers of companies have been experimenting with using IoT for AR to support data 

visualization and interaction, diagnose problems and make decisions (Yusuf et al., 2020).  
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1.4 Objectives 

This research aims to enhance the personalization and pervasiveness of augmented reality 

experiences.  The dissertation pursues this overarching goal by fulfilling the following 

research objectives: 

Objective 1: Understand and assess the knowledge and practices concerning human needs 

in pervasive computing systems.  

Objective 2: Map various human needs to relevant data elements and sensor requirements. 

Objective 3: Formulate artifacts (models and processes) to support the development of 

AR experiences based on human needs.  

1.5 Research Questions 

In achieving the research objectives, this research aims to respond to the central research 

question: How to integrate the concept of basic human needs in augmented reality 

pervasive experiences to enhance personalization?  

The main question places AR at a focal point and directs the research to explore the role 

of basic human needs in creating personalized (relevant to the individual) and pervasive 

(everywhere, occurring with minimum interaction) experiences.  

To respond to the main question, four sub-questions have been developed (which Table 

1.1 connects to the four publications): 

RSQ1: How can context-awareness be utilized to deliver needs-based pervasive 

experiences? 

RSQ2: What factors and elements affect human needs? 

RSQ3: What data analysis process can detect human needs for pervasive augmented 

reality experiences? 

RSQ4: What are the foundations for building a needs-based augmented reality 

experience? 
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Table 1.1: Relationship between research sub-questions and publications. 

Research 

sub-

question 

Publication Description Title and Publication Venue 

RSQ1 Publication Ι Studies and maps 

contextual 

elements to basic 

human needs 

A Needs-Based Personalization Model for 

Context-Aware Applications (Yahya & 

Dahanayake, 2017) 

Frontiers in Artificial Intelligence and 

Applications- JUFO 1 

 RSQ2 Publication 

Ⅱ 

Studies the factors 

that affect human 

needs and builds 

an ontology to 

connect the 

concepts 

Augmented Reality for Human Needs: An 

Ontology (Yahya & Dahanayake, 2020) 

Frontiers in Artificial Intelligence and 

Applications- JUFO 1 

RSQ3 Publication 

Ⅲ 

Describes the data 

analysis process 

for detecting 

human needs 

Augmented Reality Data Analysis for 

Human Needs: Subsistence, Protection, 

and Leisure (Yahya & Dahanayake, 2022) 

Lecture Notes in Networks and Systems 

(LNNS) by Springer, Cham- JUFO 1 

RSQ4 Publication 

Ⅳ 

Develops the 

foundations for 

building the 

system and 

demonstrates the 

guidelines 

A Needs-Based Augmented Reality 

System (Yahya & Dahanayake, 2021) 

Applied Sciences Journal, Special Issue: 

Extended Reality: From Theory to 

Applications- JUFO 1 

The first sub-question describes the relationship between human needs and contextual 

information and the role of context awareness in personalizing experiences.  The second 

examines the structure and relationships between AR elements, contextual information, 

and human needs to establish a conceptual model by developing an ontology that enables 

accurate data representation and reasoning.  The third sub-question describes the data 

collection and analysis process necessary for detecting human needs, and the fourth 

develops a prototype demonstrating the process for detecting basic human needs and 

utilizing them in AR experiences. 
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1.6 Intended Audience 

This dissertation’s intended audience includes: 

• Researchers and students interested in augmented reality, who can further advance 

the field by integrating human needs to provide relevant experiences. 

• Industry practitioners responsible for developing and managing AR platforms, for 

whom this work may provide a new perspective.  

 

1.7 Research Contributions 

This study’s novelty resides in its use of human needs for personalizing AR experiences.  

It makes the following contributions:  

• a review of the literature on human needs in pervasive computing environments; 

• an explanation of the current context for the use of human needs in AR; 

• details of the process used to analyze basic needs and identify sensor 

requirements; and  

• a formulation of guidelines for creating AR experiences based on human needs. 

 

1.8 A Motivating Example: Deep Space Smart Habitats 

Realizing the concept of needs-based AR requires a supportive and pervasive 

environment.  In ubiquitous computing, a smart space is “a highly integrated computing 

and sensory environment that effectively reasons about the physical and user context of 

the space to transparently act on human desires” (Lupiana, O’Driscoll, & Mtenzi, 2009).  

Smart spaces feature many possibilities for implementing advanced technologies such as 

AR.  One prominent example is the Habitats Optimized for Missions of Exploration 

(HOME).  Professor Mario Berges and a research team from Carnegie Mellon University 

lead the NASA-funded HOME project, which aims to advance the autonomous systems 

of space habitats (Figure 1.6) (Stokes, 2019).  The HOME project studies means of 

supporting human life in the moon- and Mars-based habitats.  It incorporates various 

innovative technologies, including machine learning, autonomous robotics, 3D printing, 

and human-automation teaming.  Significant features of this project include embedding 

situational awareness and data processing and interpretation to aid decision-making 
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(Thilmany, 2020).  This research proposes that integrating a needs-based AR concept in 

such a developed and controlled space may provide appropriate and necessary assistance 

to interpret and satisfy needs.  Achieving this proposition requires developing technology-

based innovative solutions that capture human needs and use them to support AR 

experiences.  Design science research methodology fits the problem description and 

provides guidelines and processes to realize the required outcome by creating artifacts 

and enriching the knowledge base.  

 

 

1.9 Research Approach 

This dissertation pertains to the design science research (DSR) framework described by 

Hevner et al. (2004) by developing artifacts to solve relevant problems in the research 

field while using the existing body of knowledge to arrive at an innovative solution.  The 

artifacts are validated in the application domain.  DSR extends the existing knowledge 

base with the new knowledge devised to solve a problem in the research field.  DSR 

includes seven fundamental guidelines: 

1. Design as an Artifact: the research must produce an artifact, whether it is a 

construct, a model, a method, or an instantiation.  

 

Figure 1.6 Autonomous machines in a deep space habitat (NASA). 
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2. Problem Relevance: an important business or engineering problem must be

identified, and a relevant solution must be developed to solve it.

3. Design Evaluation: the developed artifact must employ well-executed methods

for evaluation.

4. Research Contribution: the research must make a clear and provable

contribution to the studied area.

5. Research Rigor: this guideline requires the application of rigorous methods to

construct and evaluate the artifact.

6. Design as a Search Process: this guideline requires identifying effective methods

to achieve the desired goals.

7. Communication of the Research: effective presentation of the research results

is recommended.

Publication Ι (Yahya & Dahanayake, 2017) explores the environment and requirements 

for utilizing context-awareness in pervasive technologies.  The background and related 

work chapter further develops the research by studying the literature.  Publication II 

(Yahya & Dahanayake, 2020) establishes the core concepts by developing an ontology. 

The data analysis process is detailed in Publication III (Yahya & Dahanayake, 2022). 

Finally, Publication IV (Yahya & Dahanayake, 2021) contributes to the research by 

providing a design evaluation for the guidelines developed.  Chapter 3 further details the 

DSR methodology and how this dissertation applies it. 

1.10 Dissertation Structure 

This dissertation comprises six chapters.  Chapter 2 reviews the existing literature, 

considering first the AR paradigms and then human needs.  Chapter 3 presents the 

research approach.  Chapter 4 summarizes the four research publications, considering 

their contributions and relation to the research questions.  Chapter 5 discusses the 

scientific contributions, and Chapter 6 concludes the dissertation and presents the 

challenges and limitations of the research.  
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2 Background and Related Work 

2.1 Overview 

The present research builds on the two central notions of augmented reality and basic 

human needs, aiming to connect them and deliver personalized AR experiences.  This 

chapter explores critical concepts, exhibiting the history and evolution of AR and 

documenting established AR paradigms while also identifying research gaps, especially 

the limitations of personalized AR experiences. 

2.2 The Evolution of Augmented Reality 

Augmented reality as a concept was conceived a few decades ago.  The first attempt to 

enhance user experience was accomplished in 1957 by a cinematographer called Morton 

Heilig, who invented the Sensorama, a device delivering visuals, sounds, vibrations, and 

smells to users, thus representing the first multisensory technology (Norman, 2021).  In 

1968, the computer scientist and internet pioneer Ivan Sutherland invented the first 

VR/AR head-mounted display connected to a computer; however, it was impractical for 

mass use (Sutherland, 1968).  Then, in the mid-1970s, Myron Krueger created 

Videoplace, an artificial reality laboratory that surrounds users and reacts to their 

movements and actions (Kruger, 1977).  In 1980, Steve Mann introduced wearable 

computing (Mann, 1997). 

However, the terms VR and AR were yet to arrive.  “Virtual reality” was coined in 1989 

by Jaron Lanier, and “augmented reality” was coined in the 1990s by Thomas Caudell, a 

Boeing researcher (Caudell & Mizell, 1992).  In 1992, Virtual Fixtures, a proper AR 

system, was developed by Louis Rosenberg (Rosenberg, 1992).  Virtual Fixtures captured 

the true nature of AR by overlaying sensory information on a user’s workspace to improve 

productivity.  This development was followed by a series of breakthroughs in AR 

technology.  In 1994, Julie Martin presented “Dancing in Cyberspace,” the first AR 

theatre production (GlobalData Thematic Research, 2020).  Then, NASA’s spacecraft X-

38 used AR for field navigation in 1998 (Delgado et al., 2000).  Two years later, in 2000, 

ARQuake, an outdoor AR mobile game, was created (Piekarski & Thomas, 2002).  In 

2005, Nokia introduced another AR game: two-player AR Tennis (Henrysson, 

Billinghurst, & Ollila, 2006).  BMW used an AR-based print advertisement in 2008 

(Clifford-Marsh, 2009), and the ARToolkit became available for Adobe Flash in 2009 

(Rose, 2009), following the introduction of Microsoft’s Kinect motion-sensing input 

devices in 2010 (Ryon, 2010).  This progress was followed by a series of AR technology 

developments (GlobalData Thematic Research, 2020), depicted in Figure 2.1. In 2019, 
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Google walk AR navigation was available to the public (Pierce, 2019). Later, in October 

2021, Facebook announced its adoption of the Metaverse concept, which will be a leap 

in the world of VR and AR (Zuckerberg, 2021). 

 

Figure 2.1: A History of Augmented Reality.  Source: (Poetker, 2019). 

 

2.3 Augmented Reality Paradigms 

Based on concept and technology factors, Edwards-Stewart, Hoyt, and Reger (2016) 

describe six AR types in two main categories: triggered and view-based augmentations 

(Table 2.1).  Triggered AR technologies include marker-based AR, location-based AR, 

dynamic augmentation, and complex augmentation.  View-based augmentations include 

indirect and non-specific digital augmentations.  

Table 2.1: Classification of AR types (Edwards-Stewart, Hoyt, & Reger, 2016). 

Category Types Brief  Example 

Triggered Marker-Based Triggered by a marker, 

either a paper-based 

Museum displays  
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image or a physical 

object  

Location-Based Triggered by GPS 

location 

Monocle restaurant 

information 

Dynamic Augmentation Responsive to object 

changes 

Digitally trying clothes 

and accessories using 

shopping apps 

Complex Augmentation A combination of the 

marker-based, location-

based, and dynamic 

augmentation  

Dynamic view using 

digital information from 

the internet. Example: 

Google glass 

View-Based Indirect Augmentation Intelligent 

augmentation of a static 

view 

Taking a picture and 

changing the wall color 

Non-Specific Digital 

Augmentation 

Augmentation of a 

dynamic view 

Augmentation in mobile 

games  

Other classifications (Digit, 2011) divide AR into marker-based, marker-less, outlining, 

and superimposition AR.  Marker-based AR depends on a marker that, when scanned by 

a camera, triggers an AR experience.  The marker may be an image, a fiducial marker 

(Figure 2.2), or a physical object. 

Figure 2.2: A Fiducial marker. 

Marker-less AR does not require markers; instead, it uses other triggers, such as location-

based AR (Schechter, 2020).  Projection-based AR is also marker-less, operating by 

projecting digital information on objects in the user environment (Mine et al., 2012). 
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Outlining AR uses the unique abilities of cameras to recognize objects in conditions that 

may be difficult for the eyes and provide guidance in the form of outlines on objects 

(Lepetit, Berger, & Lorraine, 2001).  Superimposition AR recognizes objects on which it 

superimposes virtual information (Argotti et al., 2001).  Examples of superimposition AR 

include face filters available for Instagram and Snapchat6.  

Another AR classification considers the augmented human senses (Papagiannis, 2017), 

emphasizing the importance of experiences where technology disappears and interaction 

becomes natural.  This proposal includes the concept of Entryway, “a new level of 

immersion reaching through the looking glass of overlay to experience the virtual with 

all of our senses in a new dimensionality” (Papagiannis, 2017).  Building on this notion, 

the AR classification involves augmenting human vision, hearing, haptics, olfaction, and 

taste.  

2.4 Personalization of Augmented Reality 

Researchers have explored the concept of AR personalization from different perspectives 

in fields ranging from shopping assistance (Zhu et al., 2004) and museums (Liarokapis, 

Sylaiou, & Mountain, 2008) to tourism recommendations (Keil et al., 2013) and 

nanomedicine (Lee & Lee, 2018) (Table 2.2). 

Table 2.2: AR personalization studies. 

Source Research Area Personalization 

Element 

Presented 

Concepts 

(Zhu et al., 

2004) 

In-store AR shopping 

personalization and 

assistant 

Location context, 

user context, product 

context  

Dynamic 

contextualization 

 (Liarokapis, 

Sylaiou, & 

Mountain, 2008) 

Cultural heritage 

experiences 

Interface choice Adaptable 

architecture- 

personalized 

multimodal 

framework 

 
6 https://www.snapchat.com/create 
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 (Balduini et al., 

2012) 

Location-based 

recommendations 

based on social 

media analysis  

Point-of-interest 

recommendations 

Inductive and 

deductive stream 

reasoning 

 (Keil et al., 

2013) 

Personalized 

storytelling 

experiences in 

museum exhibits  

Storytelling content: 

themes, information 

depth, language and 

visiting style, and 

activities 

Streamlined AR 

templates 

(Zainuddin et 

al., 2016) 

Technology-

enhanced learning 

Arabic vocabulary 

learning with AR 

flashcards 

Scaffolding 

support in 

language 

learning 

 (Lee & Lee, 

2018) 

Personalized therapy Therapy and 

medicine intake 

Personalized 

nanomedicine 

(Glushakov et 

al., 2020) 

Edge-based on-

demand delivery of 

holographic content  

Holographic content  Proactive 

hologram 

transmission 

 

Dynamic contextualization extends the concept of context-aware computing to include 

real-time context modification (Zhu et al., 2004). This method personalizes AR by 

modifying contextual settings of products in-store to provide personalized shopping 

assistance. The given setting features three types of context information: the location 

context (acquired from the in-store tracking system), the user context (based on the 

consumer profile and their behaviors), and the product context (influenced by certain 

complementary products). The concept uses a vision-based fiducial system to recognize 

products. Context data enables further product information to be displayed using a 

PromoPad tablet system (Zhu et al., 2004).  

Elsewhere, Liarokapis, Sylaiou, and Mountain (2008) propose a solution to the simplicity 

and limited capabilities of museum experiences that involves providing personalized 

experiences using AR and VR. The authors indicate that information adaptation can be 

achieved at three levels: content, navigation, and presentation. Furthermore, they suggest 

that personalization necessitates collecting user data via explicit and implicit methods. 
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Explicit methods include the manual submission of information about preferences or 

interests; implicit methods derive information from user interactions with the system. 

Liarokapis, Sylaiou, and Mountain (2008) recognize four standard data analysis methods 

that can be adapted to enable personalization:  

1. Content-based methods that track user behavior and preferences and recommend

appropriate items.

2. Collaborative filtering methods compare a user’s preferences with those of others

exhibiting similar behavior to provide recommendations based on the selections

of other users.

3. Rule-based filtering that creates rules based on dynamic or static information and

provides content accordingly.

4. Web usage data mining identifies the navigational behaviors of users.

The multimodal framework presented features advantages over static exhibitions in that 

it enables users to select visualization and interaction options based on their preferences 

and needs. This model focuses on presentation options by presenting the same content in 

a multimodal interface, including a web, a map, a virtual reality, or an AR domain.  

Balduini et al. (2012) have developed an AR application that provides location-based 

recommendations on points of interest based on the continuous analysis of social media 

streams. The proposed application, BOTTARI, differs from other apps because it uses 

both inductive and deductive stream reasoning. Continuous SPARQL is the basis for 

deductive stream reasoning, continuously processing resource description framework 

(RDF) steams. Meanwhile, the statistical unit node-set approach, a predictive machine-

learning framework, is the basis for the inductive stream reasoner. Notably, BOTTARI 

has demonstrated substantial scalability potential.  

Personalization of AR could also take the form of personalized storytelling experiences 

in museum exhibits, as in the case of the CHESS project (Keil et al., 2013). The 

adaptations use storytelling elements, including themes, information depth, language 

style, visiting style, and activities. Profile information and user input enable the 

personalization of these elements. 

Technology-enhanced learning represents yet another area for personalized AR, with 

Zainuddin et al. (2016) achieving personalization by enhancing student-captured content 
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with Arabic vocabulary information to ease language learning. The study demonstrates 

that AR can contribute usefully to personalizing learning platforms.  

In medical applications, Lee and Lee (2018) consider nanomedicine uses of AR, which 

include personalization to address medication adherence, medication addiction, and 3-D 

surgical navigation. 

Edge or fog computing represents an advancement of technology that enables the 

distribution of computing resources close to the user. For example, Glushakov et al. 

(2020) use edge technology to provide contextualized and personalized holographic 

content. The holograms are stored on an edge server and transmitted to the user when 

necessary. This study achieves personalization via environmental context, user profile, 

and preferences.  

The abovementioned studies examine AR personalization based on external factors, such 

as environmental context, profile information, user input, and preferences. A combination 

of external and internal factors must be considered to further individualize AR 

experiences. This dissertation suggests incorporating basic human needs as a 

personalization mechanism in AR applications to achieve this goal.  

2.5 Human Needs 

This section briefly defines human needs before presenting different models developed 

within the psychology field. The section also describes the psychology and physiology of 

needs. 

2.5.1 Definitions and Models 

According to the Oxford dictionary7, a need describes a circumstance “in which 

something is necessary; necessity,” “a thing that is wanted or required,” or “the state of 

requiring help, or of lacking necessities such as food.” Basic human needs enable survival 

and normal mental and physical health and include food, water, shelter, protection from 

environmental threats, and love (Myers, 2013).  

According to the self-determination theory (SDT), needs are “innate psychological 

nutriments that are essential for ongoing psychological growth, integrity, and well-being” 

and include autonomy, competence, and relatedness (Ryan & Deci, 2000).  Satisfying 

 
7 https://en.oxforddictionaries.com/definition/need 
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these needs enhances self-motivation and mental health, with dissatisfaction diminishing 

motivation and well-being.  

In 1943, Abraham Maslow introduced the pyramid of human needs, which depicts human 

needs hierarchically to indicate that higher-order needs can only be satisfied upon meeting 

lower-order needs (see Figure 2.3).  The pyramid begins with physiological needs at the 

base, which are followed by safety and security, social needs, esteem, and finally, self-

actualization at the top (Maslow, 1943).  Later studies have found that this hierarchical 

structure does not always prove correct and that, in some instances, satisfying higher-

order needs is more important than satisfying those that are lower on the pyramid (van 

Gameren, 2012).  

Figure 2.3: Maslow’s pyramid of human needs (Maslow, 1943). 

To compensate for shortcomings in Maslow’s framework, Manfred Max-Neef built a 

matrix model to describe human needs and development (Max-Neef, 1991).  According 

to Max-Neef, all needs are equally important, and they do not feature any preferential 

ordering. Max-Neef further states that human needs are finite and classifiable and that his 

model applies to all cultures and times, differing only in terms of how and by what 

different needs are satisfied. Max-Neef’s matrix describes nine axiological categories, 

with four existential categories for each, enabling the identification of relevant satisfiers 

of the combinations of needs.  

The axiological categories are subsistence, protection, affection, understanding, 
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participation, leisure, creation, identity, and freedom (Max-Neef, 1991). The existential 

categories are being (the qualities a person possesses), having (organizations, rules, and 

material things), doing (possible actions to satisfy the need), and interacting (the settings 

in which a need can be satisfied).  Table 2.3 presents the matrix (Max-Neef, Elizalde & 

Hopenhayn, 1992).  The numbered boxes indicate the satisfiers of the needs presented.  

The list is not extensive; it only gives examples of possible satisfiers.  

Table 2.3: Max-Neef’s fundamental human needs matrix by Max-Neef (Max-Neef, 

Elizalde & Hopenhayn, 1992). 

Needs 

according to 

axiological 

categories 

Needs according to existential categories 

Being Having Doing Interacting 

Subsistence 1/ Physical health, 

mental health,  

2/Food, shelter, 

work 

3/Feed, procreate, 

rest, work 

4/Living 

environment, 

social setting 

Protection 5/Care, 

adaptability, 

autonomy 

6/Insurance 

systems, savings, 

work,  

7/ Prevent, plan, 

take care of, cure, 

help 

8/Living space, 

social 

environment,  

Affection 9/ Self-esteem, 

solidarity, respect 

10/ Friendship, 

family, 

partnerships, a 

sense of humor 

11/ Caress, 

express emotions  

12/ Privacy, 

intimacy, home 

Understanding 13/ Critical 

conscience, 

curiosity, 

receptiveness 

14/ Literature, 

teachers, method, 

educational 

policies 

15/ Investigate, 

study, experiment, 

educate, analyze, 

meditate 

16/ Settings of 

formative 

interaction, 

schools, 

universities 

Participation 17/ Adaptability, 

receptiveness, 

solidarity 

18/ Rights, 

responsibilities, 

duties, privilege, 

work, a sense of 

humor 

19/ Become 

affiliated, 

cooperate, propose 

20/ Settings of 

participative 

interaction, 

parties, 

associations 

Leisure 21/ Curiosity, 

receptiveness, 

imagination 

22/ Games, 

spectacles, clubs, 

parties, peace of 

23/ Day-dream, 

brood, dream 

24/ Privacy, 

intimacy, spaces 

of closeness, 

spaces of activities 
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mind, a sense of 

humor 

Creation 25/ Passion, 

determination, 

intuition 

26/ Abilities, 

skills, method, 

work 

27/ Work, invent, 

build, design, 

compose, interpret 

28/ Productive and 

feedback settings, 

workshops 

Identity 29/ Sense of 

belonging, 

consistency 

30/ Symbols, 

language, 

religions, habits, 

customs,  

31/ Commit 

oneself, integrate 

oneself, confront 

32/ Social 

rhythms, everyday 

settings,  

Freedom 33/ Autonomy, 

self-esteem, 

determination 

34/ Equal rights 35/ Dissent, 

choose, be 

different from 

36/ Temporal/ 

Spatial plasticity 

 

As the matrix shows, the relationship between needs and satisfiers is not one-to-one, 

meaning that a single satisfier may satisfy several needs.  This type of satisfier is called a 

synergistic satisfier.  For example, the need for affection, participation, and leisure all 

include having a sense of humor as a possible satisfier.  For some needs, several satisfiers 

may be required (Max-Neef, 1991). 

Building on Max-Neef’s distinction between needs and satisfiers, Doyal and Gough have 

suggested a list of universal characteristics for satisfiers that contribute to the satisfaction 

of needs across all cultures (Guillen-Royo, 2015).   

2.5.2 The Physiology and Psychology of Needs 

In order to analyze how computers can detect human needs, it is essential to understand 

those needs and the motives that drive humans to act. Thus, it is crucial to understand the 

physiology and psychology of needs: how do needs develop?; what elicits needs?; and 

what motivates a human to satisfy needs?  

A central concept in this area is the Drive-Reduction Theory by Clark Hull  (Hull, 1952). 

As defined in  (Myers, 2013), “Drive-reduction motivation arises from homeostasis—an 

organism’s natural tendency to maintain a steady internal state. Thus, if we are water-

deprived, our thirst drives us to drink and to restore the body’s normal state”.  (Myers, 

2013) explains that the physiological need (water) creates a psychological drive (thirst), 

which leads to a particular behavior to satisfy the need (drinking).   
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While internal instincts like thirst and hunger define basic needs, other factors play a role 

in forming the needs and the behavior required to satisfy them, namely, incentives – “a 

positive or negative environmental stimulus that motivates behavior.” Incentives from the 

environment create a higher drive to fulfill a need. For instance, the sight of a cold 

lemonade may create an incentive for a thirsty person and increase his thirst, motivating 

the person’s behavior to fulfill his need. These incentives are based on past experiences.  

Both a need and an incentive create a more robust drive. 

Another motive to take action is stimulation. Stimulation is excitement about a specific 

activity that inspires a person to perform the activity (mountain climbing, for example). 

This type of motive occurs after basic needs are satisfied. Therefore, these behaviors are 

curiosity-driven rather than needs-driven. 

As described by Myers (2013), human needs depend on internal and external stimuli. A 

stimulus is: “A thing or event that evokes a specific functional reaction in an organ or 

tissue.” 

Deviance from homeostasis, incentives, and stimulation are the leading drivers that elicit 

human needs.  While incentives are considered external stimuli in the environment, 

homeostasis is an internal state of the human body regulated by different organs and 

complex systems of the body. Five elements are vital in maintaining homeostasis and 

represent the homeostasis control mechanism (Lutz, 2013).  These elements are: 

• Stimulus: A stimulus causes a change.

• Receptor: A receptor senses the environment and detects the change.

• Input: Input is information that travels from a receptor to the central nervous

system to determine the correct response.

• Output: Output is information traveling from the central nervous system to the

effector.

• Response: A response is an effector that delivers a response to regain

homeostasis.

2.6 Human Needs in Computing 

The ability to detect and understand user needs in different situations and provide 

appropriate assistance is critical for pervasiveness in the computing context (Albrecht 

Schmidt, 2013).  As discussed, many scholars have studied human needs presenting 

models that consider physiological and psychological needs.  Notably, researchers have 

also explored human needs from a computer science perspective to answer questions that 

reflect the following issues:  
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• Requirement elicitation, i.e., what a user requires from a system; (Khan, Dulloo, & 

Verma, 2014), 

•  information retrieval, i.e., how a system can find relevant information to act 

according to human needs; (Schmeck, 2005),  

• and needs discovery, i.e., whether it is possible to identify user needs from social 

media data; (Yang and Li, 2013). 

2.7 Related Work: Human Needs in Pervasive Environments  

Pervasive environments are settings with interconnected computing devices that provide 

users with functions or services.  “Pervasive computing is about making our lives simpler 

through digital environments that are sensitive, adaptive, and responsive to human needs” 

(Saha, Mukherjee, 2003).  This statement implies that human needs represent a core 

concept of pervasive environments.  

The concept of basic human needs has been studied in different computing areas, 

including mobile phone design (van Biljon, Kotzé, & Marsden, 2007), elderly care 

(Hossain & Ahmed, 2012; Zhang & Li, 2017; Yang et al., 2017), entertainment (Reinecke, 

Vorderer, & Knop, 2014), and learning management systems (LMSs) (Alomari et al., 

2020).  

Those studies utilize concepts derived from renowned human needs models, including 

Maslow’s Hierarchy of Needs  (Maslow, 1943), Self Determination Theory with the 

subcategory of Basic Needs Theory  (Ryan, Deci, 2000), Manfred Max-Neef’s 

Fundamental Human Needs Model  (Max-Neef, 1991), Alderfer’s Theory of Motivation  

(Alderfer, 1969), and the Theory of Needs and Problems  (Abramovich, 2012). 

This section considers the literature on human needs in the pervasive environment context 

in terms of representation, identification, elements, satisfaction, services, and experiences 

(Figure 2.4).  

Figure 2.4: Academic perspectives on human needs in pervasive environments. 

Needs in 
Pervasive 

Environments 

Representation Identification Elements Satisfaction Services Experiences
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2.7.1 Needs Representation  

In this research, needs representation concerns the structure and form of need, including 

describing and identifying its pertinence to computing systems.  Various methods have 

been employed to represent human needs in computing systems and pervasive 

environments. For example, Abramovich and Khunagov (2013) use need satisfaction 

domains (NSDs) to represent needs in the cloud service context, developing a framework 

for the Satisfaction of Needs as a Service (SNaaS) for a cyber-physical society.  An NSD 

is represented as a node on a directed graph that constitutes a hierarchy of needs.  Each 

NSD schema contains information about the origin of a need, the detection method, and 

the need satisfiers available according to resources.  The NSDs derive needs from the 

theory of needs and problems (Abramovich, 2012).  The researchers noted the importance 

of exactly representing needs and their effect on the success of a knowledge-based 

system. 

Needs have also been represented as psychological elements in system design, with Bao 

et al. (2013) developing an architectural framework for psychological computing that 

embeds a psychological module into the operating system of a mobile device (Figure 2.5).  

The module comprises two sub-modules: a nature module that collects knowledge about 

the user and integrates recent insights from psychology and neuroscience research; and a 

state module that includes a library of psychological behaviors, characteristics, and 

physiological indicators.  Two main challenges hinder the development of the proposed 

psychological module.  The first involves identifying the psychological traits that can be 

used in system design.  The second regards understanding the user’s current state, a 

challenge that can be resolved by advancing sensor technology.  
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Elsewhere, ontology development has been used to represent human needs, Ghadiri et 

al. (2007) apply Maslow’s hierarchy of needs by representing each pyramid level as a 

class and different needs within each level as subclasses.  Attributes represent possible 

satisfiers and relationships between classes.  Human et al. (2017) present human needs 

in an ontology that describes several needs models, with needs described as classes 

(Figure 2.6) and relationships as properties.  The developed ontology includes desires, 

satisfiers, and individual profiles.  Tay, Botzheim, & Kubota (2018) develop two 

ontologies to represent how pervasive elements fulfill human needs, using smart homes 

as an example.  They articulate a human ontology that describes humans in terms of 

classification, location, and preferences and a device ontology that describes devices 

in terms of location, services provided, and related variables.  

 

Figure 2.5: A psychological computing framework (Bao et al., 2013). 

Figure 2.6: Needs within an ontological framework (Human et al., 2017). 
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2.7.2 Needs Identification 

This section identifies methods for recognizing human needs in pervasive environments.  

The reviewed literature considers identification methods as follows: eliciting needs via a 

question-and-answer dialogue that reveals hidden needs (Giesbrecht, Pfister, & Schwabe, 

2012); interviews identifying the various contextual needs that govern mobile phone 

service adoption (Cherubini et al., 2011); and the use of written open-ended questions that 

ask users about sources of needs and needs fulfillment (Wiklund-Engblom et al., 2009).  

Most studies ascertain the state of a user’s needs by requesting the user to evaluate 

statements in a questionnaire (van Biljon, Kotzé, & Marsden, 2007; Nass, Kerkow & 

Jung, 2010; Zhang, Li, 2017; Noori, Zadeh, & Kazemifard, 2015).  For example, 

assuming honest responses, the statement “I am proud to be a member” can assess the 

need for “belonging” (Berezan et al., 2020).  

Another approach involves brain scan signal processing.  Calvert and Brammer (2012) 

describe using functional Magnetic Resonance Imaging (fMRI) to collect brain scans and 

multivariate analytic approaches to process the scans.  Although the study describes using 

this technology for neuromarketing, it could be utilized more broadly. 

Elsewhere, Tadeusiewicz and Horzyk (2014) discuss the automatic detection of human 

needs from written text analysis based on personality types.  Two other studies (Alharthi 

et al., 2017; Alharthi, Guthier, & El Saddik, 2018) apply this approach to a Twitter dataset, 

which the researchers annotate to reflect needs, emotions, and satisfaction levels.  

Machine learning methods can support this form of analysis by enabling the prediction of 

user needs. Notably, Fernandes et al. (2019) and Zhu and Pham (2020) present factors 

and sensors affecting automatic needs discovery.  

Various elements influence needs identification, including socio-technical factors, 

personality type, and user feelings.  In a study on positive computing, Backhaus, 

Brandenburg, & Trapp (2014) emphasize the importance of integrating socio-technical 

factors into the user-centered design to satisfy human needs in developing countries. 

Considering socio-technical aspects include economic, ecological, demographical, public 

health, socio-cultural, and political characteristics.  Observing these factors helps to elicit 

needs and enhances system design.  Personality type represents another vital factor in 

human needs detection, with Tadeusiewicz and Horzyk (2014) introducing a character 

typology to describe extroverts and introverts.  Based on the language and written words 

of users, a system analysis detects personality types and predicts needs automatically.  

Exploring user needs at an emotional level, Noori, Zadeh, and Kazemifard (2015) utilize 

a Kansei engineering method to improve designs by studying user feelings.  Their 
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approach uses questionnaires to evaluate user affection and reasons for their needs. 

However, these studies feature various limitations, including self-reporting bias, behavior 

changes depending on the context, time-consuming questionnaires, and automatic 

detection requiring expensive and specific devices. 

2.7.3 Needs Elements 

This section discusses data elements that affect and represent needs.  Some elements 

derive directly from the homeostasis control mechanism, including context (Ghadiri et 

al., 2007), stimuli (Yang et al., 2017), receptor (Zhu & Pham, 2020), input, emotion 

(Aydın & Orgun, 2010), and motivation (Jian-an, Bei, 2006).  A direct application of the 

homeostasis control mechanism is the virtual caregiver (ViCare) framework, which 

supports human caregivers in providing help to the elderly during routine activities 

(Hossain & Ahmed, 2012). The framework comprises various modules that represent the 

homeostasis control cycle:  

• Sensing data processor: This processor collects sensor data from the environment

and identifies contextual information. It resembles the homeostasis cycle’s

receptors.

• Situation analyzer: The situation analyzer receives inputs from the sensing data

processor and evaluates the situation according to context data.

• ViCare module: The ViCare module determines the assistance method required

based on the activity and situation information. This module, together with the

situation analyzer module, resembles the homeostasis cycle’s control center.

• Service Invocation Manager (SIM) module: In the cycle, this module plays the

effector role, receiving commands from ViCare to invoke the required services.

To model internal needs, it is necessary to account for homeostasis. An example of 

utilizing stimuli is a robot model providing services based on the robot’s programmed 

inner motive, the surrounding context, and the intentions and actions of the user (Yang et 

al., 2017). In this case, the stimuli considered are robot battery level (detected by 

accessing the robot’s memory) and human presence, which is sensed by the camera, and 

the sound and touch sensors. 

Meanwhile, receptors constitute needs-recognition elements that survey the environment 

to detect change. Zhu and Pham (2020) identify 123 environmental factors and their 
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relationship to Smart Health-Monitoring Wearable Devices (SHMWDs), which measure 

daily activities and vital signs and utilize smartphones as an interface. To describe the 

data collected to support the SHMWD’s functions, the researchers categorize identified 

environmental factors into 14 groups: environmental measurements, physiology 

measurements, medical and mental measurements, activity measurement and summary, 

smart features, adoptability and wearability, customer support, user experience, 

communication, information transmission and security, accuracy measurement, 

fault/environmental tolerance and reliability, cost and maintenance, emergency service, 

medical and insurance concerns, and motivation and engagement.  The research also 

presents a correlation analysis between the various factors to support more 

comprehensive SHMWD functionality. 

The element of context contributes significantly to needs detection, with various studies 

examining the role of context in perceiving the environment and identifying needs.  

Examples include Ghadiri et al. (2007), who consider context a supercategory of user 

context, with Maslow’s hierarchy forming the basis for needs context.  Elsewhere, Zhu, 

Shtykh, & Jin (2010) have identified three context categories: human context (the 

physiological and mental contexts), nature context (time and space contexts), and cultural 

context (a group context).  Meanwhile, Cherubini et al. (2011) define 24 contextual needs 

as “the human needs that support the adoption of contextual services.” They also 

articulate several main contextual dimensions: 

• Spatio-temporal context, which describes a person’s geographical location or 

resource; 

• Activity context, which describes what the person is doing or will be doing 

(activities are generally structured, planned, and recurrent); 

• Social context, which describes interactions with others; and 

• Personal context, which describes unanticipated personal needs.  

Considering an emotion as a needs element, Aydın and Orgun (2010) present an agent 

architecture that resembles human intelligence, simulating the affective element of 

intelligence to map different human needs to positive and negative emotions that 

correspond to satisfaction and non-satisfaction of those needs.  The researchers associate 

human needs with different emotions: existence needs are associated with basic emotions, 

relatedness needs with social emotions, and growth needs with non-social emotions (see 

Table 2.4). 
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Table 2.4: Example of needs and associated emotions (Aydın & Orgun, 2010). 

Associated 

Negative Emotion 

Needs Associated 

Positive Emotion 

Existence Needs and Basic Emotions 

Pain Survival Ease 

Anxiety Water Content 

Anger Sleep Delight 

Fear Religion Assurance 

Relatedness Needs and Social Emotions 

Loneliness Involvement with 

Family 

Love 

Embarrassment Being Needed Respect 

Shame Dignity Pride 

Growth Needs and Non-Social Emotions 

Prejudice Independence Detachment 

Mystery Achievement Familiarity 

Incompleteness Wholeness Completion 

 

Neji et al. (2013) track the user’s emotional state to provide relevant information retrieval 

sessions.  The authors describe emotional states using a compound of four parameters––

corporal gestures, speech, facial expression, and physiological state––to develop an 

emotion recognition algorithm.  

Motivation also represents an essential needs element.  Jian-an and Bei (2006) define 

motivation as “the willingness to exert high levels of effort to reach organizational goals, 

moderated by the ability to satisfy some individual or group needs.” The researchers 

provide a black-box concept to test the effects of positive and negative external forces on 

work motivation.  The authors use this test to suggest that it is possible to infer whether 

external forces (stimuli) are motivators or demotivators.  
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Elsewhere, in a study concerning online learner motivation, Chen and Jang (2010) 

developed a model for online learning settings that relate needs and satisfaction to 

learning outcomes and the motivation categories defined by SDT (a-motivation, extrinsic 

motivation, and intrinsic motivation).  

Meanwhile, Leung and Matanda (2013) study motivation’s relationship with different 

human needs in the adoption of self-service technologies.  The study’s ten hypotheses are 

tested using an online questionnaire, with the analysis based on SDT’s intrinsic and 

extrinsic motivation continuum.  

Stolk et al. (2018) study the connection between learner needs satisfaction, learning 

climate, and situational motivation, articulating three categories of motivation: 

1. Global motivation: the “motivational orientations that people perceive as part 

of their identity.” 

2. Contextual motivation: which “describe[s] a person’s perceived relationship 

to domains.” 

3. Situational motivation: “describes motivational responses to a particular 

activity.” 

Karra, Karampa, and Paraskeva (2019) use SDT to consider integrated gamification in 

the design of the Moodle LMS.  

The input element focuses on information collection methods.  One approach involves 

detecting electrophysiological changes in the nervous system and interacting with 

detected changes using a computer interface, an approach Fairclough (2011) calls 

physiological computing, of which there are six categories:  

1. Input devices/gestures: conventional input methods.  

2. Muscle interface: cursor control by eye movement, gaze monitoring, eye blink, 

and electromyographic activity.  

3. Brain-computer interface: reads the cortex’s electrical activity via an 

electroencephalogram.  

4. Biofeedback: monitors systems in the human body to improve self-regulation. 

5. Biocybernetic adaptation: monitors a user’s psychological status and provides 

timely and intuitive software adaptations. 
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6. Ambulatory monitoring: wearable sensors that monitor health-related variables 

and emotional states to provide feedback to users.  

2.7.4 Needs Satisfaction 

Needs satisfaction is critical to human well-being.  Recognizing needs represents an 

initial step, and further steps are necessary to fulfill those needs.  This section explores 

the extant literature’s understanding of needs satisfaction. 

Technology fulfills needs in various ways, including general technology use, with metrics 

of internet use and time spent online (Shen, Liu, & Wang, 2013).  In this context, scholars 

generally refer to SDT, especially its notions of competence, autonomy, and relatedness.  

Shen, Liu, and Wang (2013) present the effects of basic needs satisfaction on children’s 

internet use and time spent online. Questionnaires record the feeling experienced when 

using the internet, especially the satisfaction of perceived needs.  These questionnaires 

provide ratings for statements reflecting different basic needs, with the study revealing 

that increased satisfaction from internet use increases internet usage.  It also observed that 

experiencing more pleasure in daily life positively affects internet usage moderation. 

Elsewhere, Kang and Jung (2014) demonstrate how US and South Korean populations 

use smartphones to meet their needs, developing the smartphone basic needs framework 

presented in Table 2.5.  After measuring satisfaction with basic needs and general life 

satisfaction, they indicate that the mobility enabled by smartphones enhances needs 

fulfillment. 

Table 2.5: Smartphone basic needs (Kang, Jung, 2014). 

Type Maslow’s Hierarchy Smartphone basic needs 

Deficiency Needs Physiological Reliance, entertainment, organized work 

Safety Stability, danger, miscommunication 

Belongingness  Relationship, collaboration, a good companion 

Growth Needs Self- esteem  Confidence, prestige, respect, worth 

Self- actualization Learning, capability 
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Outside of general technology use, technology may also fulfill needs by other means, 

such as by providing services.  Khalifa and Liu (2002) examine user satisfaction with 

internet-based services, using three concepts to determine satisfaction––expectation 

disconfirmation, desire disconfirmation, and perceived performance––and an online 

questionnaire to record overall satisfaction with the service.  Elsewhere, Wang, 

Hernandez, and Minor (2010) study the impact of web aesthetics on perceived service 

quality and user satisfaction.  To describe the process, the authors use the Stimulus-

Organism-Response paradigm based on the method of Yang, Jun, and Peterson (2004) to 

measure perceived service quality and satisfaction in six dimensions: reliability, 

responsiveness, competence, ease of use, security, and product portfolio.  A seven-point 

scale measures satisfaction.  Meanwhile, Prasetyo, Adnan, and Wardhani (2018) study the 

effects of service quality and website quality on user satisfaction, obtaining questionnaire 

responses from a sample of university students.  Their results suggest that website quality 

but not service quality, significantly affects user satisfaction. 

Mawaddah, Prasetyo, and Darnoto (2019) examine satisfaction with Dompet Digital 

Indonesia, a digital wallet application, via a questionnaire, measuring satisfaction levels 

using the end-user computing-satisfaction method, which comprises five dimensions: 

content, accuracy, format, ease of use, and timeliness.  

Social media constitutes another approach to needs satisfaction via technology.  Chen 

(2011) considers whether using a social media platform––in this case, the microblogging 

platform Twitter––can fulfill the need to connect with others.  The study employs uses 

and gratification theory to explain how computer-mediated media can satisfy a 

psychological need.  In this context, Twitter represents a satisfier that enables needs 

fulfillment by allowing communication between people and producing a sense of 

belonging and membership. 

Reinecke, Vorderer, and Knop (2014) present an alternative approach to explaining the 

connection between intrinsic and extrinsic motivations in social media enjoyment. 

Considering Facebook and the satisfaction of needs based on SDT, that research collects 

data using an online questionnaire and measures five elements: competence, autonomy, 

relatedness, enjoyment, and social pressure.  The researchers observed a strong 

relationship between Facebook use and satisfying the intrinsic needs of autonomy and 

competence but no significant relationship with relatedness.  

According to Reich, Schneider, and Heling (2018), short feedback features of social 

media (e.g., Facebook “likes”) affect online needs satisfaction, considering the needs of 

belongingness, self-esteem, and affective states.  Their experiment used the number of 

likes and the type of relationship (close friends/acquaintances) as variables. 
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Elsewhere, Houghton, Pressey, and Istanbulluoglu (2020) examine Facebook’s ability to 

satisfy human needs by demonstrating the relationship between each of Maslow’s human 

needs and the use of social networking sites, considering the general use of Facebook as 

a satisfier (rather than specific features or elements). 

Beyond social media, technology can satisfy needs by building social relationships.  Ang 

et al. (2015) describe the fulfillment of psychological needs in online adolescents' 

friendships.  Their research considers both uses and gratification theory and SDT to study 

online friendship satisfaction and its relationship with life satisfaction. Using a 

questionnaire, the data collected consider online relationship formation, internet habits, 

online communication, online self-disclosure, and life satisfaction.  

Social relationships have also been studied via virtual agent interactions. A paper by 

Kramer et al. (2018) presents the concept of social snacking with a virtual agent, 

determining the effect of interacting with a responsive agent on satisfying the need to 

belong and whether this temporarily substitutes social contact. 

Satisfaction from technology may also derive from a virtual or smart environment.  Zeng 

et al. (2015) examine the quality of experience (QoE) in smart space design, considering 

locality satisfaction, energy satisfaction, quality-of-service (QoS) satisfaction, and 

human-computer interaction satisfaction.  This research provides mathematical formulas 

to calculate each satisfaction element.  Elsewhere, Erfanian, Hu, and Zeng (2017) 

consider a dynamic-priority interaction model to improve multi-user satisfaction by 

enabling equal opportunity for participation in a multi-user virtual environment.  

According to the authors, it is imperative to satisfy the cognitive need for equality in 

interaction in multi-user collaboration setups.  

In terms of satisfying specific needs, an LMS may help satisfy educational needs.  

Alomari et al. (2020) identify the factors that affect the effectiveness of an LMS (in terms 

of user satisfaction) using the categories of technological factors, psychological factors, 

and student-instructor interaction factors.  

Elsewhere, Sailer et al. (2017) have studied how gamification can satisfy psychological 

needs.  Gamification refers to applying game design elements to a non-game context to 

motivate users and includes the following elements: points, badges, leaderboards, 

performance graphs, meaningful stories, avatars, and teammates.  According to the 

researchers, game design elements can be matched to SDT’s psychological needs as 

follows: 

• Points, performance graphs, badges, and leaderboards satisfy competence. 
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• Avatars and meaningful stories satisfy autonomy.

• Meaningful stories and teammates satisfy social relatedness.

The study’s experimental process verifies that gamification elements impact needs 

satisfaction.  

Video games are similarly designed to satisfy competence (by providing an adequate 

challenge), autonomy (by giving users control over the game), and relatedness (by 

connecting with other players) (Allen & Anderson, 2018).  Reer and Krämer (2018) 

examine basic SDT needs satisfaction via video games by measuring participation in an 

online gaming community. 

Existing studies do not detail any satisfiers for specific needs. Instead, they test the effect 

of specified elements on all basic needs.  Nonetheless, based on the extant literature, it is 

possible to list the following satisfiers: Twitter or Facebook use, internet use, LMS use, 

online friendship, gamification, and video games.  Furthermore, this literature survey 

revealed that need satisfaction studies generally utilize questionnaires to collect user 

feedback.  

2.7.5 Needs-Based Services 

The previous section discussed services as a means for satisfaction, and this section 

discusses services in the context of pervasive experiences.  Park, Park, and Kim (2008) 

consider services in a ubiquitous computing environment, suggesting that three main 

components must be managed to adapt to a user’s situation: 

1. Virtual objects: digital objects, printers, displays.

2. Services: “application software that performs operations for users.  They help

users to accomplish their tasks.”

3. Users: Participants who use virtual objects and services.

Li-yuan, Wen-an, and Jun-de (2006) consider service QoE in pervasive computing.  In 

this paradigm, using sensors to collect context information enables services to meet user 

expectations.  Adapting the service to user needs requires the following steps:  

Step 1: Monitor user experience online with sensors. 

Step 2: Modify the service according to the QoE to meet user requirements. 
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Step 3: Analyze long-term satisfaction offline. 

Step 4: Optimize the service based on the analysis. 

The research presents a QoE evaluation model and associated architecture.  

Peedu and Lamas (2011) examine the possibility of enhancing e-government service 

experiences by employing Web 2.0 concepts, using the following concepts to support the 

fulfillment of human needs: 

1. Identification: Sites and apps enable user self-expression. 

2. Stimulation: Products and services stimulate individuals aspiring to improve 

their skills and knowledge. 

3. Evocation: Products support the recall of memories or feelings. 

Based on this framework, the researchers developed an e-service with Web 2.0 elements 

(e.g., geotags, comments, Facebook share/like, rating, photos, and user profiles), with the 

service receiving positive user feedback.  

Jin et al. (2011) present a flowable service model that seamlessly integrates services that 

flow with a user’s activities and intentions to provide the service that best matches a user’s 

needs.  Three main components constitute this model’s architecture: 

1. User: The user is the focal point of the human-centric framework. 

2. Flowable Service: The flowable service is a collection of services delivered in 

the proper sequence to meet user needs. 

3. Mediator: The mediator collects user requests and fragments of needs, 

analyzes the information, and provides services accordingly. 

The study provides an application scenario for a learning service showcasing the model 

and study framework.  

2.7.6 Needs-Based Experiences 

According to Kim et al. (2011), a positive user experience must be satisfying and 

enjoyable.  The researchers propose a user experience design process and framework to 

fulfill a user’s psychological needs. Sharda (2008) discusses the concept of experience 

on-demand in ambient multimedia, presenting a user-experience research model featuring 
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five levels: system and components, behavior and actions, feelings and thoughts, 

emotions, and user experience. 

An experience on-demand provides users with an experience that they want when and 

where they want it. Facets of experience, on demand, include location, time, and content. 

Wiklund-Engblom et al. (2009) consider the relationship between human needs and user 

experience. The study experiment asked participants to answer open-ended questions to 

describe their satisfaction with using products and media. Elsewhere, Yu and Wu (2010) 

aim to enhance the business-to-consumer e-commerce user experience by integrating 

personalized needs, using Maslow’s hierarchy, and providing the following key 

conceptual explanations: 

• Basic needs are physiological needs and safety needs that external factors 

satisfy. 

• Personalized needs are social and esteem needs that are satisfied by internal 

factors. 

• Self-actualization needs indicate that satisfaction may vary between persons. 

The research discusses methods to achieve needs satisfaction in business-to-consumer e-

commerce. 

Explaining how the QoE concept differs from QoS, Tselios et al. (2011) categorize the 

variables affecting QoE in telecommunications as psychological and social factors that 

include user expectations, environment, and content and technical factors that include 

network, device, content format, and context. Because QoE is user-centric, it directly 

indicates meeting a user’s experience needs. Finally, Kaos et al. (2019) consider the 

satisfaction of the need to belong and its effects on adherence to exergames in social play 

using Liberi's exergame experience. The results demonstrate the importance of designing 

exergames to enhance the user's sense of belonging. 

  

2.8 Summary 

This chapter has reviewed the literature to provide a foundation for the concepts 

fundamental to this dissertation, including AR, human needs, and the utilization of human 

needs in pervasive environments. After discussing the evolution of AR and AR 

paradigms, the chapter introduced existing perspectives on AR personalization. Next, the 

concept of human needs is introduced and explored in computing. Finally, the chapter 

comprehensively reviewed the literature on human needs in pervasive environments, 
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separating needs representation, identification, elements, satisfaction, services, and 

experiences.  

Earlier studies have examined the concept of AR personalization from various 

perspectives and in terms of various elements, including the dynamic contextualization 

of products (Zhu et al., 2004), the adaptation of AR content, navigation, or presentation 

based on a user’s selection of visualization and interaction options (Liarokapis, Sylaiou, 

& Mountain, 2008), location-based POI recommendations (Balduini et al., 2012), and the 

adaptation of themes, information depth, language style, visiting style, and activities 

based on profile information and user input (Keil et al., 2013). These studies emphasize 

external elements of personalization.  

Studies that examine human needs representation have presented needs as nodes on 

directed graphs (Abramovich & Khunagov, 2013) and as ontologies (Ghadiri et al., 2007; 

Human et al., 2017), demonstrating a gap in the research. 

Several methods are used to identify needs, including surveys and questionnaires, signal 

processing of brain scans (Calvert & Brammer, 2012), and analysis of written text and 

social media datasets.  

Generally, computer systems do not directly satisfy physiological needs (e.g., hunger and 

thirst), but they may aid needs satisfaction by providing relevant information about the 

satisfier. However, for other needs, such as affection, participation, understanding, and 

freedom, a computing system may act as a direct satisfier. The following needs’ satisfiers 

appear in the literature: Twitter or Facebook use, internet use, LMS use, online friendship, 

gamification, and video games. Most studies of needs satisfaction utilize questionnaires 

to collect feedback on user satisfaction.  

In terms of this dissertation’s main research question, the extant literature reveals certain 

limitations: 

1. The concept of human needs in computing lacks proper data representation and 

analysis.  

2. There are few structured mechanisms for identifying human needs. 

3. Personalization in AR is limited to objects and external elements.  

4. There are a few methods for triggering AR experiences in pervasive environments. 
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5. There are no general processes or guidelines to describe the use of human needs 

in AR.   

The abovementioned limitations motivate the research to develop methods and processes 

to capture basic human needs and utilize them to achieve higher personalization and 

pervasiveness in AR experiences.  
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3 Research Approach 

This chapter provides an overview of the research approach considered for this 

dissertation, the Design Science Research (DSR) framework. The chapter details the 

design science guidelines and the research cycles and explains how the present 

dissertation applies the DSR framework.  

This research aims to create new artifacts to enhance the personalization of augmented 

reality experiences and contribute new knowledge to software engineering practices; 

hence design science research (Hevner et al., 2004) is applied in this dissertation. 

3.1 Design Science Research Framework 

The goal of implementing a system in any context is to improve its “effectiveness and 

efficiency” (Hevner et al., 2004). Software engineering researchers are required to 

advance, develop, and communicate the knowledge necessary to produce and manage 

systems. Design science research is “a problem-solving paradigm that seeks to create 

innovations that define the ideas, practices, technical capabilities, and products through 

which the analysis, design, implementation, management, and use of information systems 

can be effectively and efficiently accomplished” (Hevner et al., 2004). 

DSR is selected because it provides research guidelines, cycles, and processes that 

support answering the research questions in the dissertation. DSR drives the development 

of artifacts that, in this research, aid in creating innovative, personalized, and pervasive 

AR experiences, thus adding to the knowledge base. The DSR framework features a set 

of guidelines to assist scholars in developing research. These guidelines are presented in 

Table 3.1.  

Table 3.1: Design science research guidelines (Hevner et al., 2004). 

Guideline Description 

Guideline 1: Design as an Artifact Design-science research must produce a 

viable artifact as a construct, a model, a 

method, or an instantiation. 
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Guideline 2: Problem Relevance Design-science research aims to develop 

technology-based solutions to important 

and relevant business problems. 

Guideline 3: Design Evaluation The utility, quality, and efficiency of a 

design artifact must be rigorously 

demonstrated via well-executed evaluation 

methods.  

Guideline 4: Research Contributions Effective design-science research must 

provide clear and verifiable contributions 

in terms of design artifacts, design 

foundations, or design methodologies. 

Guideline 5: Research Rigor Design-science research relies on applying 

rigorous methods to construct and evaluate 

a design artifact. 

Guideline 6: Design as a Search 

Process 

Finding an effective artifact requires 

utilizing available means to reach desired 

ends while satisfying laws within the 

problem environment. 

Guideline 7: Communication of 

Research 

Design-science research must be presented 

effectively to both technology-oriented 

and management-oriented audiences. 
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3.1.1 Design Science Research Cycles 

Design science research integrates three related activity cycles: the relevance cycle, the 

rigor cycle, and the design cycle (Figure 3.1; Hevner, 2007). The relevance cycle begins 

the DSR process by studying the context and application domains, establishing 

requirements, and defining evaluation criteria for the results. The rigor cycle examines 

prior knowledge to build a foundation for the new design problem, ensuring the research 

contribution’s innovativeness. The design cycle involves building the artifact, evaluating 

it, refining the design, and binding the DSR process by connecting the relevance and rigor 

cycles.  

 

The work of Hevner and Chatterjee (2010) includes a DSR checklist comprising questions 

mapped to the three DSR cycles (Table 3.2). This checklist contributes to the evaluation 

of a DSR project by ensuring that projects address the main demands of DSR. 

Table 3.2: DSR checklist and cycles applied in the dissertation (adapted from Hevner & 

Chatterjee, 2010). 

Questions  Relevant Section 

1. What is the research question (design 

requirements)?  

(Relevance Cycle) 

The research question and sub-questions 

are stated in section 1.5. 

Figure 3.1: DSR cycles (Hevner, 2007). 
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2. What is the artifact? How is the 

artifact represented? 

  (Design Cycle) 

The artifacts created in this research are 

the NCT framework (Publication Ι), the 

HN-AR ontology (Publication Ⅱ), a 

Needs-based AR trigger mechanism, the 

guidelines for developing needs-based AR 

(Publication Ⅲ), and the application 

process (Publication Ⅳ). Details of the 

artifacts are in Chapters 4 and 5.  

3. What design processes (search 

heuristics) will be used to build the 

artifact? 

(Design Cycle) 

The first artifact is created after 

identifying an augmented reality 

personalization gap in the literature; the 

ontology is designed. The needs-based 

trigger mechanism, guidelines, and 

application process result from an iterative 

design process developed from the CAP-

AR model (Publication Ι).  

 

4. How are the artifact and the design 

processes grounded by the 

knowledge base?  

(Rigor Cycle) 

The design process of the artifacts is 

grounded in Max-Neef’s matrix of human 

needs (Max-Neef, 1991) and the research 

on AR personalization (section 2.4).  

5. What evaluations are performed 

during the internal design cycles? 

What design improvements are 

identified during each design cycle? 

(Design Cycle) 

The artifacts are used in an experiment and 

prototype development. The experiment 

evaluates the effectiveness of the process 

and design decisions, while the prototype 

demonstrates the utility of the artifacts.   

6. How is the artifact introduced into 

the application environment, and 

how is it field tested?  

(Relevance Cycle) 

The artifacts are used in an experiment and 

a prototype demonstrating their use in a 

restaurant context. The ontology is 

evaluated by dimension, criteria, and 

competency questions.   
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7. What new knowledge is added to the

knowledge base, and in what form

(e.g., peer-reviewed literature, meta-

artifacts, a new theory, a new

method)?

(Rigor Cycle) 

New artifacts to support and guide the 

development of personalized AR 

experiences have been created.  A study of 

the literature to reveal gaps in AR 

personalization concepts is described in 

Chapter 2. Also, four peer-reviewed 

articles form an addition to the knowledge 

base.  

8. Has the research question been

satisfactorily addressed?

(Relevance Cycle) 

All research questions have been 

satisfactorily addressed, as detailed in 

Chapter 6 and publications Ι-Ⅳ. 
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4 Overview of Publications 

This chapter presents an overview of the four research publications constituting the 

outcome and the core contribution of the Ph.D. project. The publications correspond to 

the research sub-questions and present the developed artifacts. Table 4.1 lists 

publications, descriptions, and research methods.  

Table 4.1 Publications, descriptions, and research methods. 

Publication Research 

sub-

question 

Core Background Concepts Research Methods 

Publication Ι RSQ1 Context awareness and basic 

human needs 

Literature review, model 

design  

Publication Ⅱ RSQ2 Conceptual modeling and 

ontology development 

Ontology development and 

evaluation 

Publication Ⅲ RSQ3 Data analysis process, 

machine learning  

Data analysis and 

experiment  

Publication Ⅳ RSQ4 Augmented reality 

classifications and platforms 

Prototype development and 

process demonstration 

4.1 Publication Ι: A Needs-Based Personalization Model for Context-

Aware Applications 

This section provides an overview of the publication: 

Yahya, M. & Dahanayake, A. (2017). A Needs-Based Personalization Model for Context-

Aware Applications,” Frontiers in Artificial Intelligence and Applications, vol. 292, 

pp. 63-82. 

4.1.1 Research Background 

The term context generally refers to “the situation within which something exists or 

happens, and that can help explain it”8. Schilit and Theimer introduced context-aware 

8 https://dictionary.cambridge.org/dictionary/english/context 
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computing in 1994 to denote systems with dynamic execution environments that adapt to 

location, people, and objects and the changes they exhibit over time.  

Dey (2001) has formally defined context in the computing field as “any information that 

can be used to characterize the situation of an entity. An entity is a person, place, or object 

that is considered relevant to the interaction between a user and an application, including 

the user and applications themselves.” Based on this definition, a system is considered 

context-aware “if it uses context to provide relevant information and/or services to the 

user, where relevancy depends on the user’s task” (Dey, 2001).  

Nonetheless, there remains no consensus on a definition for context, with two 

perspectives prevalent in the existing research. The first group considers context to 

represent system inputs, with individual pieces of information producing a system 

response. The second group defines context as derivable, which means analyzing multiple 

inputs produces the context (Lupiana, Mtenzi, & O’Shea, 2015). Managing all possible 

context information produces computational complexity, whether the context is input-

based or derivable. Hence, it is necessary to choose a subset of the context information 

relevant to a specific system’s problem (Chihani et al., 2011). Several sources provide 

context information, all of which correspond to human, environmental, or system factors 

(Grubert et al., 2017). Figure 4.1 depicts these categories and their sub-categories. 

Publication Ι incorporates internal notions of context (individual state) as well as external 

notions (environmental state). 
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Figure 4.1 Sources of context information (Grubert et al., 2017). 

According to earlier research, context is a significant element in ubiquitous computing. 

Context-awareness enables a system to be more intuitive and less intrusive (Lupiana, 

Mtenzi & O’Shea, 2015). Furthermore, context awareness has proven to be crucial in 

pervasive AR. Utilizing different sources of context information enables AR adaptation 

and personalization. Context-based adaptations are applied to the system input, output, or 

configuration (Grubert et al., 2017).  

4.1.2 Research Objectives 

This publication’s main objective is to describe the relationship between human needs 

and context information and the role of context in the personalization of applications.  
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4.1.3 Relevance to the Dissertation  

The first publication in this dissertation addresses the research sub-question:  

RSQ1: How can context-awareness be utilized to deliver needs-based pervasive 

experiences? 

This publication initiates the relevance cycle in the DSR framework. It explores the 

environment and establishes the requirements for embodying context-awareness and 

human needs in pervasive technologies. It then contributes designs of two primary 

artifacts to the knowledge base.  

Ultimately, this study establishes the connection between human needs and pervasive 

technologies and forms the basis for the Ph.D. project. It identifies a research opportunity 

in studying basic human needs and context awareness in AR. Publication Ι is the base 

from which all the other publications progressed. 

4.1.4 Research Output and Contributions 

The first contribution of Publication I is a study of context awareness and a survey of its 

various definitions and categorizations. The publication also demonstrates human needs 

models from psychology and provides grounds for selecting the fundamental human 

needs matrix (Max-Neef, 1991) over other models. 

Publication Ι presents two primary artifacts. The Needs-Context-Technology (NCT) 

framework (Table 4.2) provides a foundation for later publications, mapping the context 

categorization scheme to the fundamental human needs matrix and identifying the data 

collection technology required for each category.  

Table 4.2: NCT framework (Yahya & Dahanayake, 2017).  

Fundamental 

Human Needs 

existential 

categories 

Being 

(Qualities) 

Having 

(Things) 

Doing 

(Actions) 

Interacting 

(Setting) 

Context-Aware 

Categorization 

User, Who 

(Identity) 
Things 

What 

(Activity) 

Where 

(Location), 

Weather, Social, 

Networking 

When (Time) 
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Sensors and 

Technology 

Emotion 

Sensors 

Body Sensors 

IoT Systems 

and Sensors 

Activity 

Recognition 

through Motion 

Sensors 

Location 

awareness, a 

nearby user 

device 

(proximity with 

other users) 

The second artifact is a model for context-aware personalization in AR applications 

(CAP-AR), a conceptual model that combines the necessary elements to develop such a 

system (Figure 4.2).  

Figure 4.2: The CAP-AR model (Yahya & Dahanayake, 2017). 

The research describes the CAP-AR model using the W*H framework (Thalheim, 2012), 

analyzes the model specifications, and describes each model component (input, database, 

prediction and recommendation, and output).  The CAP-AR model is the first step in the 

iterative development process leading to the creation of artifacts in the following 

publications. 
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4.2 Publication Ⅱ: Augmented Reality for Human Needs: An 

Ontology 

This section provides an overview of the publication 

Yahya, M. A., Dahanayake, A. (2020). Augmented Reality for Human Needs: An 

Ontology. Information Modelling and Knowledge Bases XXXII, Frontiers in Artificial 

Intelligence and Applications, 333, p.275. 

4.2.1 Research Background  

The notion of ontology has origins in Latin (onto + logy) and describes the science of 

being or existence. In computer science, Gruber (1993) has defined an ontology as “a 

specification of a representational vocabulary for a shared domain of discourse definitions 

of classes, relations, functions, and other objects.” Ontologies are commonly used in 

semantic web technologies to ease computers’ understanding and manipulation of internet 

data. The semantic web is built on a set of languages and technologies: the extensible 

markup language (XML) provides the syntax; the resource description framework (RDF) 

represents information about resources, enabling a taxonomical organization; and the web 

ontology language (OWL) provides expressive constructs to extend the RDF schema 

(W3C, 2015). 

According to Noy and McGunness (2001), several demands drive ontological 

development efforts: 

• Providing a shared understanding of information structure between people and 

software agents;  

• Analysis of domain knowledge and separation from operational knowledge; 

• Domain knowledge reuse; and 

• Explicit definition of domain assumptions. 

These characteristics reflect how ontologies support conceptual model development and 

present the use of a foundational ontology to advance conceptual modeling (Guizzardi et 

al., 2015). According to Guarino, Guizzardi, and Mylopoulos (2019), conceptual models 

• feature conceptual semantics; 



Overview of Publications 69 

• are ontologically grounded; and

• make an ontological commitment.

Publication Ⅱ develops an ontology combining AR concepts, human needs satisfaction, 

and detection from context and user information.  Previous studies concerning ontologies 

have represented needs according to several needs theories (Human et al., 2017), Max-

Neef’s model of human needs (Dsouza, 2015), context modeling (Hervás, Bravo, & 

Fontecha, 2010), and ontological context-awareness (Hervás et al., 2013). Ontology 

development involves many states and activities, as Figure 4.3 illustrates. 

4.2.2 Research Objectives 

Publication Ⅱ extends the work of Publication Ι by developing an ontology that describes 

the structure and relationship between AR elements, context information, and human 

needs. This publication aims to develop a robust process that extends beyond context and 

probes the elements of human needs. The research links various concepts to enable correct 

data representation and reasoning. 

Figure 4.3 States and activities of ontology development (Fernández-López, Gómez-

Pérez, & Juristo, 1997). 
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4.2.3 Relevance to the Dissertation 

The publication responds to RSQ2: 

What factors and elements affect human needs? 

The publication explores the various elements in an AR system explicitly designed for 

human needs detection and satisfaction and elaborates on their connections. Publication 

Ⅱ builds on the foundation established in Publication Ι and commences the rigor cycle of 

the DSR framework. Defining classes, objects, and their relation paves the way for 

creating a process.  

4.2.4 Research Output and Contributions 

Publication Ⅱ follows two main ontology development methods: the MethOntology 

phases (Fernández-López, Gómez-Pérez, & Juristo, 1997) and the Ontology development 

process (Noy & McGuinness, 2001). Furthermore, it uses the Protégé open-source 

ontology editor (Stanford University, 2020) to build the Augmented Reality for Human 

Needs (AR-HN) ontology. The ontology comprises classes arranged in a hierarchy, object 

properties that describe the relationship between classes, and data properties that describe 

the instances. Figure 4.4 depicts a part of the ontology as viewed using the web-based 

ontology visualization tool WebVOWL9. 

Figure 4.4: A segment of the ontology (Yahya & Dahanayake, 2020). 

9 http://vowl.visualdataweb.org/webvowl.html 
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Several instances are created for each class to validate the ontology’s correct functioning. 

The ontology’s evaluation uses the OntOlogy Pitfalls Scanner (OOPS!) (Poveda-Villalón, 

Suárez-Figueroa, & Gómez-Pérez, 2012) in two ways: evaluation by dimension and by 

criteria. The classification by dimension includes the structural, functional, and usability 

profiling dimensions. Figure 4.5 compares the number of pitfalls of the developed 

ontology (AR-HNOnto) against renowned ontologies (Marine and Good Relations 

ontologies) before and after correcting the pitfalls. The classification by criteria includes 

consistency and completeness (see Figure 4.6). 
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Figure 4.5: Ontology verification by dimension (Yahya & Dahanayake, 2020). 
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Figure 4.6: Ontology verification by criteria (Yahya & Dahanayake, 2020). 
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Competency questions also evaluate ontologies. Competency questions determine the 

domain and scope of an ontology by responding to the inquiry: “For what types of 

questions the information in the ontology should provide answers?” (Noy, McGuinness, 

2001). The importance of competency questions resides in ensuring the proper 

performance of the ontology based on the defined requirements. The following 

competency questions are proposed for the AR-HNOnto ontology: 

• Which human need is currently active for a user?

• What augmented reality experience can satisfy a specific need?

• What is the current internal state of the user?

The next step is translating the competency questions into Description Logic (DL) queries 

to be executed against the ontology. Returning the expected answer for each competency 

question indicates that the ontology meets the requirement.   

The competency questions query results reflect correct inference and outcome, which 

proves that the ontology satisfies the related requirements. 
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4.3 Publication Ⅲ: Augmented Reality Data Analysis for Human 

Needs: Subsistence, Protection, and Leisure  

This section provides a discussion of the article: 

Yahya, M.A., Dahanayake, A. (2022). Augmented Reality Data Analysis for Human 

Needs: Subsistence, Protection, and Leisure. In: Kabashkin, I., Yatskiv, I., Prentkovskis, 

O. (eds) Reliability and Statistics in Transportation and Communication. RelStat 2021. 

Lecture Notes in Networks and Systems, vol 410. Springer, Cham. 

4.3.1 Research Background  

Augmented reality research works with data in diverse ways. For example, AR can be 

used as a visualization tool to gain insights from big data (Bermejo et al., 2017) and as an 

analysis tool for visual data analysis. Elsewhere, AR uses sensor data to determine 

environmental information and user location (Paavilainen et al., 2017). From another 

perspective, AR contributes to data generation by creating synthetic data for machine 

learning and avoiding expensive and time-consuming data collection processes (Payumo 

et al., 2018). AR applications are assumed to thrive on data (Bhatt, 2018). 

In order to enable suitable content and information display in AR, relevant data must be 

collected, which requires a correct definition of data and processes (Tsai & Huang, 2018). 

According to Loshin (2011), the data requirements process includes the following stages:  

1. Identification of business contexts. 

2. Conduct stakeholder interviews. 

3. Synthesizing of expectations and requirements. 

4. Development of source-to-target mappings. 

Determining the data requirements supports the next step of defining the data analysis 

process. Data analysis derives meaning from data, improves decision-making, 

personalizes the user experience, and advances service recommendations. 

Creating an AR system that responds to human needs requires data collection and 

analysis. Publication Ⅲ analyzes the data requirements for human needs detection and 

service recommendations. 
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4.3.2 Research Objectives 

Publication Ⅲ presents the data analysis of an AR system concept that collects individual-

related data, analyzes it to detect basic human needs (i.e., subsistence, protection, and 

leisure), and delivers personalized AR experiences to satisfy those needs. The needs are 

analyzed according to the primary triggers of needs identified by psychology research 

(Myers, 2013).  

The research objectives of Publication III are to 

1. Analyze the data elements and sensor requirements for Max-Neef’s fundamental

human needs.

2. Develop a proof-of-concept prototype that enables need detection.

3. Predict subsistence, protection, and leisure needs using analyzed data.

4. Produce recommendations for AR experiences based on human needs.

This study involves an experimental procedure requiring the development of three test 

scenarios. Data analysis and predictive modeling techniques are applied to the CAP-AR 

dataset (Yahya, 2016) to achieve the research objectives. 

4.3.3 Relevance to the Dissertation 

Where Publications Ι and Ⅱ reflect the data requirements for building an AR experience 

based on human needs, publication Ⅲ addresses the process of utilizing these 

requirements and responds to RSQ3:  

What data analysis process can detect human needs for pervasive augmented 

reality experiences? 

This publication corresponds to the design evaluation component of the DSR framework. 

The data analysis process supports the development of a guideline that enables the overall 

needs-based AR concept and describes its application. The guideline is a primary artifact 

in this research. 
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4.3.4 Research Output and Contributions 

This study makes several contributions. First, it maps the existential needs categories 

from Max-Neef’s matrix of fundamental human needs to the various trigger types (see 

Table 4.3 and Figure 4.7).  

Table 4.3: Basic needs triggers (Myers, 2013). 

Concept Description Example 

Homeostasis 

imbalance 

A change in the steady internal state 

that triggers an action to retain it 

Thirst or hunger 

Incentive A positive or negative environmental 

stimulus that motivates behavior 

The sight of cold lemonade on 

a hot day 

Stimulation A thing, activity, or event that evokes a 

reaction  

The prospect of mountain 

climbing (provoking fear or 

excitement) 

Figure 4.7: Existential categories associated with possible trigger types 

(Yahya & Dahanayake, 2022).
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The study also analyzes all the nine basic needs from the fundamental human needs 

matrix to examine required sensors for needs detection; the result of this analysis is 

summarized in Table 4.4.  

Table 4.4: Needs and related sensors (Yahya & Dahanayake, 2022). 

Need Definition Context 

Type 

Possible 

Need 

Source of 

trigger/ 

Stimuli 

Technology/ 

Sensors 

Example 

Subsistence Maintain 

and support 

oneself 

Internal/ 

External 

Hunger 

Health 

Thirst 

Shelter 

Low blood 

glucose 

Ghrelin 

hormone 

dehydration 

Diabetes 

SENTRY 

(Hayes, 2013) 

The contact 

lens for tear 

sugar 

continuous 

monitoring 

(Mitsubayashi, 

2014) 

Protection Guarding 

against 

damage 

from 

external 

factors 

External Against 

infection 

Location, 

Crowdedness 

Proximity 

Affection Liking and 

caring for 

someone 

else 

Internal/ 

External 

partnership Proximity 

Low 

oxytocin 

Proximity 

sensor 

Emotion 

sensors 

Oxytocin 

sensor (Zamkah 

et al., 2020) 

Understanding Comprehen

ding and 

Internal/ 

External 

Education Profile 

information 

Location-aware 

wearable 



Overview of Publications 77 

acquiring 

knowledge 

electrooculogra

phy 

Participation Taking part 

in 

something 

External Cooperation 

with others 

Activity Proximity 

sensor 

Emotion sensor 

Leisure Experience 

in free time 

Internal/ 

External 

Entertainme

nt 

Heart rate 

Blood 

pressure 

Hormones 

Cortisol tracker 

Corti-watch 

(Rice et al., 

2019) 

Creation Creativity 

and 

creation in 

work 

External Creative 

work 

Activities Profile 

information 

Activity 

recognition 

Identity Distinguish

ing 

character/ 

personality 

Internal/ 

External 

Self-image Status 

expressions 

Profile 

information 

Interaction data 

Freedom The ability 

to move to 

different 

places 

Internal/ 

External 

Freedom in 

the 

workplace, 

relationships

, or merely 

the place 

No change in 

location for a 

long time 

Feeling 

restrained or 

trapped 

(Lencioni, 

2016) 

Emotion 

sensors, 

location-

awareness 

The study presents three scenarios to showcase the feasibility of the proof-of-

concept prototype (Figure 4.8). These scenarios correspond to subsistence, protection, 

and leisure in the matrix of fundamental needs. The study tests the scenarios based on 

habits and homeostatic imbalances.  
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Results from Publication Ⅲ show that, with the correct sensors, human needs based on 

homeostatic imbalances can be more precisely detected than those based on individual 

habits. The results also demonstrate that needs detection based on habits are affected by 

the cold start problem and requires many records for accurate results. Since human 

behavior is changing, following a clear pattern on certain days and changing the behavior 

on others, it is essential to have sufficient records to apply machine learning algorithms 

and produce correct predictions. 

The research analysis and results exhibit the data requirements necessary to predict the 

human needs under consideration (subsistence, protection, and leisure) and have 

implications for the planning and designing of pervasive applications that consider the 

detection and satisfaction of human needs.  

The research also presents suggested guidelines for developing a needs-based AR system 

corresponding to the concepts, which can be generalized to all needs in the fundamental 

human needs matrix. The guidelines are derivative of the requirement analysis and 

application scenarios.  

Figure 4.8: Proof-of-concept prototype (Yahya & Dahanayake, 2022).
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The guidelines are: 

1. Decide the human need to satisfy using the AR experience.

2. Determine needs-specific elements and requirements (i.e., context, persons,

type).

3. Select the trigger (homeostasis imbalance, habits, or incentives).

4. Develop the AR experience with multiple options and preferences for that

particular need.

5. Based on the need and trigger, select the appropriate sensors required to collect

the data.

6. Collect data and build a user profile and database.

7. Decide and develop the analysis mechanism (e.g., a rule engine or predictive

algorithms).

8. Apply a recommendation process to select the AR experience specific to the

individual’s preferences.

9. Design a feedback collection method to improve recommendations.
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4.4 Publication Ⅳ: A Needs-Based Augmented Reality System 

This section summarizes the contributions of the following paper: 

Yahya, M. A., & Dahanayake, A. (2021). A Needs-Based Augmented Reality 

System. Applied Sciences 11, no. 17: 7978. https://doi.org/10.3390/app11177978 

4.4.1 Research Background 

Augmented reality is a technology that superimposes digital information over the physical 

environment. The existing literature has classified augmentation according to the human 

senses: visual, auditory, haptic, gustatory, and olfactory augmentations (Livingston, 2005; 

Papagiannis, 2017). Another classification divides AR into triggered and view-based 

augmentations (Edwards-Stewart, Hoyt, & Reger, 2016). Each augmentation type 

requires different hardware. Still, across various classifications, the AR process generally 

integrates the core components of tracking, interaction and user interfaces, calibration and 

registration, display techniques, and AR applications (Kim et al., 2018).  

In most applications, AR experiences are generalized to all viewers with no 

personalization. Applying personalization in AR enables users to attain specific 

information or goals or pursue particular interests (Zimmermann, Specht, & Lorenz, 

2005). Personalization is “a process that changes the functionality, interface, information 

access, and content, or distinctiveness of a system to increase its relevance to an 

individual or category of individuals” (Fan & Poole, 2006). While a basic level of AR 

personalization displays experiences based on location and context (Paavilainen et al., 

2017; Tahara et al., 2020), a more advanced example is SentiAR10, a real-time clinical 

AR system.  

Although AR experiences could be further personalized by considering basic human 

needs, the endeavor to combine human needs in pervasive environments remains novel 

and requires clear guides and concept testing. 

4.4.2 Research Objectives 

This research presents a roadmap for developing a needs-based AR system that builds on 

Publications Ι, Ⅱ, and Ⅲ to connect the concepts of AR classifications and triggers and 

10 https://sentiar.com/ 
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human needs with appropriate processes. It has the main objective of presenting and 

applying the guidelines required to realize the desired system. 

4.4.3 Relevance to the Dissertation 

Publication Ⅳ responds to RSQ4: 

What are the foundations for building a needs-based augmented reality 

experience? 

This study applies the process developed and guidelines to a test case to validate them. 

Publication Ⅳ progresses from previous publications, forms the final contribution to the 

dissertation, and presents the application process as an artifact.  

4.4.4 Research Output and Contributions 

This research’s first contribution is a study of current AR technologies, which can be 

differentially classified according to functions, triggers, and senses (Figure 4.9).  

Figure 4.9: AR classifications (Yahya & Dahanayake, 2021).
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This publication also compares different types of AR platforms, types of experiences, and 

triggers (Table 4.5), illuminating the possibilities and shortcomings of each platform 

studied. Moreover, this paper describes a needs-based AR application process (Figure 

4.10). 

Table 4.5 Comparison of AR platforms in terms of types and triggers (Yahya & 

Dahanayake, 2021).

Platform 

Published 

application 

or web-based 

SDK Types of Experiences 
Experience 

Trigger 

AWE Media Studio 

https://awe.media/ 

Web No Image, spatial, face 

tracking, GPS 

location, 360° 

Weblink, 

Non-specific 

digital 

augmentation 

Zap Works 

https://zap.works/ 

Both Yes Image, face tracking, 

360° 

Marker-based 

(special marker) 

BlippAR Builder 

https://www.blippar.com/

build-ar 

Both Yes Image Marker-based 

(image scan) 

Spark AR Studio 

https://sparkar.facebook.c

om/ar-studio/ 

Both 

(accessible 

via Facebook 

or Instagram) 

No Face tracking, image-

based 

Maker-based, 

dynamic 

augmentation 

Wikitude AR 

https://www.wikitude.co

m/ 

Application Yes Image, object, scene 

recognition, instant 

tracking, Geo AR 

Marker-based, 

location-based, 

dynamic 

augmentation 

Unity MARS 

https://unity.com/product

s/unity-mars 

Application No Location-aware, 

context-aware 

Marker-based, 

complex 

augmentation 

Figure 4.10: Application process (Yahya & Dahanayake, 2021).
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Publication IV presents a prototype case study of a restaurant that satisfies the subsistence 

need of hunger following the nine guidelines presented in Publication Ⅲ. The results 

demonstrate the effectiveness of the guidelines in detecting human needs and 

recommending AR experiences. However, producing correct predictions and 

recommendations requires a well-established dataset. The principal findings of the case 

study are that transferring sensor data to meaningful information requires appropriate 

convergence methods since constantly requesting information from the individual may 

decrease pervasiveness.  

4.5 Summary 

Chapter 4 summarizes four publications collectively addressing the main research 

question: How to integrate the concept of basic human needs in augmented reality 

pervasive experiences to enhance personalization? 

The publications correspond to the sub-questions in the first chapter, as follows. 

RSQ1: How can context-awareness be utilized to deliver needs-based pervasive 

experiences? 

Context-awareness has proven its significance for pervasive technologies. Publication Ι 

(Yahya & Dahanayake, 2017) responds to RSQ1 by studying Max-Neef’s fundamental 

human needs and connecting them to context elements and related technology. The 

publication provides a detailed description of the initial model using the W*H framework 

(Thalheim, 2012).  

RSQ2: What factors and elements affect human needs? 

Building an AR-HN ontology enables the identification of the core classes, elements, and 

objects and the relationship between them (Yahya & Dahanayake, 2020). This ontology 

signifies the factors and supports the development of a conceptual model. 

RSQ3: What data analysis process can detect human needs for pervasive augmented 

reality experiences? 

Publication Ⅲ (Yahya & Dahanayake, 2022) analyzes Max-Neef’s basic human needs to 

identify the data requirements for a needs-based system. The publication states the 

primary needs triggers and considers Max-Neef’s basic needs in accordance with these. 

The research also connects the needs to sensors that can be used to detect them. A proof-
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of-concept prototype describes the analysis process and application components. 

Publication III also presents the development guidelines.  

RSQ4: What are the foundations for building a needs-based augmented reality 

experience? 

Publication IV (Yahya & Dahanayake, 2021) considers AR technologies and 

classifications, as well as describes the notion of personalization in AR. Progressing from 

Publication Ⅲ, Publication Ⅳ depicts the application process and applies a test case to 

the general guidelines for demonstration purposes.  
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5 Scientific Contribution 

This dissertation presents a needs-based AR concept. This chapter summarizes the 

research’s scientific contribution, that is, its addition to the knowledge base. The primary 

artifacts in this research are the Needs-Context-Technology (NCT) framework 

(Publication Ι), the HN-AR ontology (Publication Ⅱ), a Needs-Based AR process and 

guidelines (Publications Ⅲ and Ⅳ), and a Needs-based trigger mechanism. This chapter 

explains the artifacts and their implications.   

5.1 Needs-Context-Technology Framework  

Available technology enables the collection of valuable information about the user. To 

ensure coherent integration of concepts, it is crucial to map the context categorization 

scheme to the Max-Neef fundamental human needs matrix and the data collection 

technology adopted (Further information in Publication Ι). The Needs-Context-

Technology (NCT) framework (Table 5.1) aids in recognizing the various human needs 

and their relation to the context information and the technology required to identify them; 

it is for needs detection, not satisfaction.   

Table 5.1: NCT framework (Yahya & Dahanayake, 2017). 

Fundamental 

Human Needs 

existential 

categories 

Being 

(Qualities) 

Having 

(Things) 

Doing 

(Actions) 

Interacting 

(Setting) 

Context-Aware 

Categorization 

User, Who 

(Identity) 
Things 

What 

(Activity) 

Where 

(Location), 

Weather, Social, 

Networking 

When (Time) 

Sensors and 

Technology 

Profile, Emotion 

Sensors 

Body Sensors 

IoT Systems 

and Sensors 

Activity 

Recognition 

through Motion 

Sensors 

Location 

awareness, a 

nearby user 

device 

(proximity with 

other users) 

 

The NCT framework also supports the data identification and collection process. Based 

on this framework, the Being category represents individual qualities; it identifies them 

by profile information, emotion, and body sensors. The Being category corresponds to 

the homeostasis imbalance trigger. The Having category represents the things around the 

individual; for this category, IoT technology provides support. Regarding the Doing axis, 
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needs are determined by the What (Activity) context; therefore, the system must embody 

Activity Recognition technology. The Interacting category reflects the user setting, 

demanding location awareness and proximity sensors. Of the different context elements, 

the When (Time) factor is shared between all existential categories by recording the time 

when recognizing a situation. 

This framework assumes the technology and sensors mentioned are available to the 

individual, interconnected, and inferring the required information.  

5.1.1 Data Requirements 

In a needs-based system, data collected about the user vary to accommodate different 

needs. Each of the nine needs has different attributes and interpretations to consider. 

Therefore, the data specification should occur during the application planning phase 

depending on the goal and purpose of the application. The NCT framework (Yahya & 

Dahanayake, 2017) supports the data specification process. The complexity of a needs-

based system can be simplified by considering the four pillars: context data, sensor data, 

user input, and AR experience data. Context data is a core requirement for pervasive AR 

and needs detection. Sensor data relates to wearables and mobile sensors, which provide 

data for bio-readings and activity recognition. User input provides data for profile creation 

and feedback, and AR experience data describes information about the experience 

components and details. Figure 5.1 depicts the application flow, including core data 

requirements.  

Figure 5.1: Application flow. 
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A Data model defines the classes and class structure of the application, impacting data 

presentation within the user interface (Vaupel et al., 2018) and the processing of needs 

recognition and satisfier recommendations. The data model is defined in accordance with 

Max-Neef’s fundamental needs satisfiers: being, having, doing, and interacting. Figure 

5.2 shows the Ecore data model, which is based on the eclipse modeling framework 

(Steinberg et al., 2009). Although the data model is not comprehensive, it does illustrate 

the data requirements of a needs-based system. 

 

Figure 5.2: Application data model. 
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5.2 Human Needs for Augmented Reality Ontology 

The present research presents an ontology (Yahya & Dahanayake, 2020) describing 

classes, structure, and relations within a needs-based system. An ontology is a formal 

specification of concepts and their relationships11. Some of the reasons that drive the 

effort of ontology development are (Noy & McGuinness, 2001): 

• It provides a shared understanding of information structure between people or

software agents.

• It analyzes domain knowledge and separates it from operational knowledge.

• It allows domain knowledge reuse.

• It explicitly defines domain assumptions.

Based on the above reasoning, publication Ⅱ looks into developing an ontology that 

combines the concepts of augmented reality, human needs’ satisfaction, and the detection 

of those needs from context and user information. The developed ontology has 34 classes, 

40 object properties, and 54 data properties.   

5.2.1 Definitions in a Needs-Based System 

As discussed (see section 2.5), human needs were studied by numerous psychology 

scholars, leading to various models and theories: Maslow’s hierarchy of needs (Maslow, 

1943), Max-Neef’s matrix of fundamental human needs (Max-Neef, 1991), SDT (Ryan 

& Deci, 2000), and the list of intermediate needs (Doyal & Gough, 1991). Human needs 

models consider needs to be deviations from a balanced state or requirements for 

stimulation. Recognizing these definitions by software systems requires capturing needs 

and applying them appropriately.  

As discussed (see section 2.7), human needs in technology consider various factors: 

representation, identification, elements, satisfaction, services, and experiences. Although 

these concerns incorporate many concepts and practices, the literature study reveals no 

concise definition of needs from a software perspective.  

This section elaborates on definitions of the concepts introduced in the ontology by 

describing each need, category, and connection between them. Table 5.2 presents 

definitions and descriptions for each of the nine basic needs, and Table 5.3 provides 

system concepts and descriptions. 

11 https://www.yworks.com/use-case/visualizing-an-ontology 
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Table 5.2: Descriptions of basic needs. 

Need Definition Description  

Subsistence The need to 

maintain and 

support oneself 

Subsistence need includes hunger, thirst, the need for 

health, and shelter. 

Protection The need to guard 

against damage 

from external 

factors 

There are two types of protective measures: collective 

measures, which aim to protect everyone in a group, 

and individual measures, which aim to protect the 

individual (Emma, 2019) 

Affection The need to like 

and care for 

someone else or 

receive the same 

Concerned with relationships and the feelings 

associated with them. This need depends on personal 

traits that make a person affectionate alongside external 

elements and persons, including family members, 

friends, and partners. Therefore, it depends on internal 

and external factors. 

Understanding The need to 

comprehend and 

acquire 

knowledge 

Enables an individual to have the knowledge and to 

understand the world around them. The need for 

understanding involves the personal ability to 

understand, educational systems, policies, and 

interaction settings, including schools, universities, 

academic groups, and families (Max-Neef, Elizalde, & 

Hopenhayn, 1992) 

Participation The need to take 

part in things 

Participation describes the ability to play a part in 

group activities. It requires an individual to possess 

specific skills and requires settings to enable 

participation. 

Leisure The need for 

experience during 

one’s free time 

Leisure is fulfilled by entertainment, playing games, 

and having fun. Leisure is essential to maintaining a 

healthy and happy life. Engaging in leisure activities 

results in lower heart rates, better moods, and lower 

stress levels (Leonard, 2015). 

Creation The need for 

creativity and 

Creation is concerned with creativity, abilities, and 

developing skills. It is fulfilled by working, designing, 

and the productivity associated with skills. 
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creation in one’s 

work 

Identity The need to 

establish one’s 

character or 

personality 

Identity is related to the image individuals hold of 

themselves and how it is reflected in society. 

Freedom The ability to 

move to different 

places 

To stay in one location for a long time may indicate a 

forced or self-imposed lack of physical freedom. The 

need also describes freedom in terms of thoughts and 

actions. Connecting emotions to specific locations, 

such as the workplace, family, or political situation, 

also reflects freedom or lack of it. 

Table 5.3: Concepts used to develop a needs-based AR system. 

Concept Description 

Person/ User The individual using the system. The concept requires the development of 

a user profile and sensors that detect their needs 

Context A person’s setting or situation at a specific time 

External state The environment and related information, including temperature, location, 

activity, and social setting 

Internal state The person’s internal state; state changes may reflect a need and relates to 

homeostasis 

Need A combination of existential and axiological categories (according to Max-

Neef’s matrix of fundamental human needs) 

Trigger A factor that activates a need 

Satisfier An object, idea, or social structure that contributes to the satisfaction of a 

need 

AR experience An experience developed to satisfy or aid in the satisfaction of a need 
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5.3 Pervasive Augmented Reality with Basic Human Needs 

Guidelines 

Pervasive AR is “a continuous and pervasive user interface that augments the physical 

world with digital information registered in 3D while being aware of and responsive to 

the user’s context” (Grubert et al., 2017). Pervasive AR differs from conventional AR in 

the many aspects listed in Table 5.4. 

Table 5.4: Comparison of conventional and pervasive AR (Grubert et al., 2017). 

Aspect Conventional AR Continuous AR 

Use Sporadic Continuous 

Control User Controlled Context-Controlled 

Applications Specific or Niche Multi-Purpose 

Hardware General Purpose Tailored/ Specific 

Context of Use Specific/ Restricted Multi-Purpose/ Adaptive/ 

Aware 

User Interface Prototypical/ No Standard/ 

Obtrusive 

Subtle/ Disappearing/ 

Unobtrusive 

Mode of Use Task- or- Goal-Oriented Context- Driven 

Information Access Information Overlay Information Augmentation 

Information Visualization Added Integrated/ Embedded 

Environment Indoors OR outdoors Indoors AND outdoors 

Flow of Information User Seeking Information Information Seeking Users 

Use of Device One Size Fit All Individualized 

This research elevates the notion of pervasive AR by incorporating human needs. 

Integrating human needs into AR increases the pervasiveness and personalization of 

experiences by initiating experiences that correspond to an active need and presenting 
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information to satisfy it. Achieving this integration requires working along three lines: 

the trigger (detection and initiation), the experience (content and display), and the process. 

The following sections detail each concept and the consequent process and guidelines. 

5.3.1 The Trigger 

As discussed (see section 2.3), there are several types of AR experiences, some triggered 

(marker-based, location-based, dynamic augmentation, and complex augmentation) and 

some view-based (indirect augmentation, non-specific digital augmentation). This 

research uses human needs to trigger the AR experience. Similar to how location triggers 

AR experiences, identifying a specific need initiates a relevant experience. The 

dissertation discusses two trigger types: human needs triggers (which initiate a need) and 

AR experience triggers (the needs themselves). Figure 5.3 depicts the trigger process. 

Figure 5.3: Trigger process. 

Basic needs triggers in psychology include homeostasis imbalances, incentives, and 

stimulation (Myers, 2013): 

• Homeostasis imbalance is the internal state that reflects a fault in body processes,

increasing the level of, for example, thirst or hunger.

• The incentive is an external positive or negative environmental stimulus that

motivates a person, for example, the sight of cold lemonade on a hot day.

• Stimulation is an activity that causes a reaction, such as excitement or pleasure

(e.g., the prospect of mountain climbing can provoke excitement).

These triggers represent indicators for needs detection, to which the present research adds 

the concept of habits, defined as “a behavior pattern acquired by frequent repetition or 

physiologic exposure that shows itself in regularity or increased performance facility.”12  

12 https://www.merriam-webster.com/dictionary/habit 
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Identifying basic human needs using a software system is possible via rule-based 

detection or machine-learning prediction. Table 5.5 compares the rule-based and 

machine-learning approaches.  

Table 5.5: Comparison between rule-based and machine learning approaches (Smith, 

2020). 

Rule-based approach Machine-learning approach 

Rules Predefined based on coded if-then 

rules 

Defined based on data outputs 

Model Type Deterministic Probabilistic (i.e., statistical rules) 

Project Scale Not scalable Easily scalable 

Data 

Requirements 

Operates with simple data Requires more data 

Objects Type Immutable Mutable 

From the characteristics of the two approaches, the rule-based detection approach is most 

suited to homeostasis imbalances, wherein a direct bio-reading reflects a deficiency that 

a system can respond to. Meanwhile, machine-learning prediction is more appropriate 

with incentives, stimulation, and habits dependent on long-term data collection. Building 

on the previous discussion, Figure 5.4 illustrates the proposed trigger mechanism.  

Figure 5.4: Needs-based AR Trigger Mechanism. 

5.3.2 The Experience 

Pervasive AR enables elements to adapt in three dimensions: input, output, and 

configuration (Grubert et al., 2017). Adapting the input component includes changing 

interaction modalities (e.g., from speech to gestures) and changing interaction elements 
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(e.g., the size of a button or backlighting) based on environmental changes and profile 

information. Altering AR output means altering content, that is, the information and its 

presentation. Configuration adaptations are complex because they involve system 

changes based on context (Grubert et al., 2017).  

In the present research, the pervasiveness of an AR experience depends on the two-fold 

adaptation of output/content: the experience recommendation based on identified needs 

and the adaptation in experience content based on profile information and user feedback.  

Along with the synergic satisfier concept by Max-Neef, Elizalde, & Hopenhayn (1992), 

this research proposes that each experience should satisfy one or more needs. The 

experience may also include several content variations or offerings to accommodate 

various user profiles.  

Furthermore, the research considers an AR experience to satisfy a basic human need. The 

concept of “an experience as a satisfier” can be developed in several ways. Like geo-

based AR, virtual objects and experiences can exist in the environment around the user, 

and the application selects from them. Another possibility is having a central database of 

AR experiences accessed when a need arises, from which the appropriate satisfier can be 

selected. This concept forms a possible future research opportunity.  

5.3.3 The Process and Guidelines 

This section presents the process artifact, which builds on the proof-of-concept prototype 

from Publication Ⅲ and the application process from Publication Ⅳ. Figure 5.5 depicts 

this process, showing the system components and the application’s progression from data 

collection to the display of an AR experience. The process begins with collecting data 

using several input modalities; the collected data must be transformed into meaningful 

information using a logic or recognition mechanism. Different needs triggers require 

diverse detection approaches: rules identify needs from homeostatic imbalances, and 

machine-learning approaches identify needs from incentives, stimulations, and habits. 

Upon detecting a need, a recommendation algorithm selects a relevant AR experience for 

the individual. 
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Figure 5.5: Application process. 

Based on the data analysis, application process, and prototype (Publications Ⅱ-Ⅳ), the 

research produced the following guidelines for developing needs-based AR applications. 

1. Decide the human need to satisfy using the AR experience. 

2. Determine needs-specific elements and requirements (i.e., context, persons, 

type). 

3. Select the trigger (homeostasis imbalance, habits, or incentives). 

4. Develop the AR experience with multiple options and preferences for that 

particular need. 

5. Based on the need and trigger, select the appropriate sensors required to collect 

the data.  

6. Collect data and build a user profile and database. 

7. Decide and develop the analysis mechanism (e.g., a rule engine or a predictive 

algorithm). 

8. Apply a recommendation process to select the AR experience specific to the 

individual’s preferences. 

9. Design a feedback collection method to improve recommendations. 

These guidelines are useful from an AR experience developer perspective. They presume 

the existence of an easy convergence method from sensor data to meaningful information. 

AR experiences must be stored in a database to be selected by the recommendation 

process.  
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5.4 Summary 

Although basic human needs have been utilized in computing research and pervasive 

environments (Allen & Anderson, 2018; Houghton, Pressey, & Istanbulluoglu, 2020), no 

references have been found regarding employing needs as initiators of AR experiences.  

This dissertation enhances AR paradigms by producing a novel AR experience trigger, 

namely, a need’s trigger. Like existing location, marker, and image-recognition triggers, 

a basic human needs trigger will enable more personalized experiences. 

For the general AR process to accommodate basic human needs, it is essential to 

understand its capabilities and enhance them using other technologies. Technologies 

supporting needs-based AR information systems include wearables and sensors to collect 

data, machine learning to detect needs and recommend satisfiers, and AR display devices 

to display experiences. At first, the role of human needs in an AR system must be 

specified. Part of this dissertation’s research investigates possible uses of needs in 

computing systems and pervasive environments, while the second part considers using 

needs as triggers for AR experiences. To achieve this goal, human needs must be tracked 

and processed to enable an appropriate AR experience to be visualized. 

The present research may benefit researchers and developers. Researchers can use the 

concept of a needs-based system to incorporate basic needs into various pervasive 

systems research and study the details associated with detecting higher-level needs (e.g., 

creation and freedom). Developers can use the proposed guidelines to build a needs-based 

AR application or other applications that benefit from human needs.  
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6 Conclusion 

Given AR’s considerable potential, this dissertation has focused on enhancing AR 

experiences by integrating basic human needs to increase personalization and 

pervasiveness. This chapter responds to the main research question and addresses the 

challenges, limitations, and future research possibilities associated with this project.  

6.1 Addressing the Research Questions 

This dissertation aims to understand how human needs can enhance AR to deliver 

personalized and pervasive experiences. With technology advancements and the 

proliferation of mobile devices, augmented reality has become a mainstream concept and 

a multi-billion dollar industry (Morris, 2021). Nevertheless, the personalization of AR 

experiences has not been efficiently studied. While some AR literature considers adaptive 

experiences and content customization based on external factors and triggers (Zhu et al., 

2004; Liarokapis, Sylaiou, & Mountain, 2008; Keil et al., 2013), considering factors such 

as basic human needs may increase pervasiveness and personalization. Accordingly, the 

main research question of the dissertation is: How to integrate the concept of basic human 

needs in augmented reality pervasive experiences to enhance personalization? 

Answering the main question has required examining the characteristics of pervasive 

experiences, studying AR and basic human needs, and developing the means to 

incorporate human needs into AR experiences. The four related publications answer the 

research sub-questions as follows.  

RSQ1: How can context-awareness be utilized to deliver needs-based pervasive 

experiences?  

Pervasive computing aims to eliminate the barriers between users and computers by 

embedding computers into the environment (Weiser, 1999). One of the principles of 

pervasive AR experiences is that the elements of a user’s context control the experience 

rather than the user having direct control (Grubert et al., 2017). This principle signals the 

importance of context in pervasive computing, as Publication Ι addresses (Yahya & 

Dahanayake, 2017).  Pervasive computing systems are also invisible, “requiring less user 

intervention while fulfilling user requirements,” and autonomous, “delivering services 

without the user’s direct interaction or intervention” (Abdulrazak & Malik, 2012). This 

research proposes the automatic identification of human needs and automatic initiation of 

AR experiences to achieve invisibility and autonomy.  
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Context-awareness has proven its significance in pervasive technologies, driving the 

concept’s incorporation in the current research. Publication Ι (Yahya & Dahanayake, 

2017) responds to RSQ1 by studying Max-Neef’s fundamental human needs and 

connecting them to context elements and related technology. The resultant artifact of 

Publication Ι is the NCT framework. This framework provides a context mapping that 

guides the selection of appropriate sensors and technology to match various needs 

categories. The publication provides a detailed description of the initial model using the 

W*H framework (Thalheim, 2012).  

RSQ2: What factors and elements affect human needs? 

Determining the factors and elements that affect human needs involved developing an 

ontology, an AR-HN ontology (Yahya & Dahanayake, 2020). The developed ontology 

identifies core classes, elements, objects, and their relations. In this case, ontology 

development is used not to define and represent needs but to support conceptual model 

development.  

RSQ3: What data analysis process can detect human needs for pervasive augmented 

reality experiences? 

Publication Ⅲ (Yahya & Dahanayake, 2022) details the data analysis process, analyzing 

Max-Neef’s fundamental human needs to determine data requirements for a needs-based 

system. The publication states the primary needs triggers and considers Max-Neef’s basic 

needs in accordance with these. The research also connects the needs to the sensors that 

can be used to detect them. A proof-of-concept prototype describes the analysis process 

and application components. Publication III also presents the practical guidelines for 

developing the system.  

RSQ4: What are the foundations for building a needs-based augmented reality 

experience? 

Publication IV (Yahya & Dahanayake, 2021) considers AR technologies and 

classifications, as well as describes the notion of personalization in AR. Progressing from 

Publication Ⅲ, Publication Ⅳ depicts the application process and applies a test case to 

the general guidelines for demonstration purposes.  

The proposed needs-based AR system delivers an appropriate AR experience to the user 

after detecting a basic need. The AR experience responds to the need by satisfying it or 

enabling its satisfaction. This concept enhances AR pervasiveness by automatically 

initiating a recommended experience upon detecting or predicting needs with minimum 
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user involvement. An identified need triggers an AR experience. This explanation leads 

to the answer to the main research question, the concept of basic human needs can be 

integrated as a trigger of AR experiences to increase personalization and pervasiveness.  

6.2 Validity in the Design Process 

Design science research provides seven guidelines that direct researchers to understand 

the design problem, develop innovative artifacts as a solution, and enrich the knowledge 

base (Hevner et al., 2004).  These seven guidelines are used in this dissertation (details in 

Chapter 3) and serve as the validity evaluation of the design science process.  

1. Design as an Artifact: design science research aims to develop an artifact to 

address an organizational challenge or problem. A clear description of the artifact 

must be stated to enable implementation in a proper domain. In design science 

research, an artifact may be a construct, a model, or a method used in information 

systems.  

Applied in this research:  this dissertation produced several artifacts to address 

the challenge of AR personalization. Chapter 5 describes the artifacts in detail. 

2. Problem Relevance: research in information systems aims to gain knowledge and 

understanding to support the development of technology-based solutions for 

unsolved problems.  

Applied in this research:  the broad interest in AR affirms its relevance. The 

literature study in chapter 2 and Publication I (Yahya & Dahanayake, 2017) 

indicates that research concerning personalized AR experiences is gaining 

attention. Similarly, needs are considered in many publications in various 

computing fields. Connecting these concepts creates a novel direction in AR 

research.        

3. Design Evaluation: well-developed evaluation methods should demonstrate the 

utility, quality, and efficacy of a design artifact. 

Applied in this research:  the design of the artifacts was evaluated based on their 

usefulness and performance in detecting basic human needs (Publication Ⅲ), 

meeting the design requirements  (Publication Ⅱ), and demonstrating the 

application of the guidelines and process (Publication Ⅳ). 

4. Research Contributions: clear and verifiable contributions are signs of effective 

design science research. The contributions are in the form of artifacts, design 

foundations, or design methodologies.  

Applied in this research:  This dissertation presents three principal contributions 

to AR and pervasive computing. The first contribution is defining fundamental 

human needs using Max-Neef’s concepts for integrating human needs into 
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software systems. These definitions are based on connecting context, needs, and 

technology (Publication Ι) and the AR-HN ontology that describes classes and 

structures and their relations (Publication Ⅱ). The second contribution is an 

analysis of the data requirements for needs-based AR, which identifies the data 

and sensor requirements for supporting system goals (Publication Ⅲ). The process 

and guidelines associated with developing a needs-based AR system constitute the 

third contribution. The process depicts the system activities and their progression 

(Publication Ⅳ), and the guidelines, more extensively, detail the critical steps 

involved in system development (Publication Ⅲ). Furthermore, Publication IV 

demonstrates the use of the guidelines. 

5. Research Rigor: rigorous methods to construct and evaluate the design artifact

are required in design science research.

Applied in this research:  the dissertation relies on the concepts provided by the

fundamental human needs matrix by Max-Neef (Max-Neef, 1991), which were

tested and verified across cultures and environments. Furthermore, the

dissertation follows established processes to develop and evaluate the ontology in

Publication II (Yahya & Dahanayake, 2020).

6. Design as a Search Process: design science is inherently iterative. The search for

an effective artifact to solve a problem requires utilizing available means within

the problem environment.

Applied in this research:  the design of the artifacts incorporated several iterations

to reach an optimal outcome. This iteration is evident in the development of

models and processes throughout the publications.

7. Communication of Research:  design science research must be effectively

presented to technology-oriented and management-oriented audiences.

Applied in this research:  the research results from this dissertation were

published in conferences and journals to reach a wider community of interested

stakeholders. The publications provide detailed descriptions of the artifacts to

enable proper use in relevant contexts.

6.3 Research Limitations and Challenges 

A proper needs-based AR system requires integrating a complex system that includes 

sensors, analysis mechanisms, and AR displays. The development of such a system was 

not possible during this Ph.D. project. Nevertheless, this research has received 

encouraging feedback from peer reviewers regarding the concept of integrating human 

needs into AR. This section describes the recognized challenges and limitations.  
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6.3.1 Information Overload 

It is envisioned that AR technology can unload the human brain, release some cognitive 

efforts and optimize technology use (Iatsyshyn et al., 2019). However, using human needs 

as AR experience triggers implies information overload, which derives from the challenge 

of the simultaneous rise of different needs. Thus, it is essential to develop measures to 

evaluate and prioritize active human needs and seamlessly respond to them. Such 

measures will contribute to the pervasiveness of the experience and avoid the possibility 

of information overload. 

6.3.2 The Dataset 

Precisely predicting needs requires long-term data collection to understand various 

contexts, activities, and needs combinations; similarly, an absence of initial data can lead 

to the cold start problem, undermining experience recommendation. The data analysis 

and needs predictions in this research were made using the CAP-AR dataset (Yahya, 

2016), which provides the necessary data on context, needs, and services. However, a 

larger dataset would produce more accurate results.  

6.3.3 Privacy Concerns 

Creating an effective needs-based AR application requires the continuous collection of 

user data. However, many users may be hesitant to agree to such efforts because the 

enormous amount of data collected about users creates a potential for exploitation.  

Privacy, defined as “an individual right to keep the personal information and matters 

secret and having control over the information” (Rath, Kumar, 2021), is a key concern in 

pervasive AR.  

6.3.4 Basic Human Needs 

The research predicts the subsistence, protection, and leisure needs from the fundamental 

human needs matrix (Max-Neef, 1991).  Other needs have not been included in the 

predictions, posing a limitation in this research. The selection of the three 

abovementioned needs was due to the availability of corresponding data elements in the 

dataset and the possibility of direct need inference. Other needs, such as creation and 

freedom, are more complex and require further analysis and planning. 
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6.3.5 Augmented Reality Content and Displays 

The dissertation focuses on utilizing needs as triggers for AR experiences. However, 

developing the overall concept requires a study of experience content (images, objects, 

video, sound, and such) and display devices (smartphones, glasses, and lenses). During 

this project, there was no scope for discussing adapting AR content and displays. This 

shortcoming opens the possibility for future research. 

6.4 Future Research 

This dissertation’s contributions could be further improved by responding to the 

following research questions: 

1. How can the privacy issues of data collection in pervasive AR applications be

resolved?

2. What is the best display device for a needs-based AR experience?

3. How can needs-based AR be applied in visual, auditory, haptic, gustatory, and

olfactory AR systems?

6.5 Research Conclusions 

The literature study in chapter 2 identifies several perspectives on human needs in 

pervasive environments (section 2.7), including representation, identification, elements, 

satisfaction, services, and experiences. Revisiting these perspectives connects this 

dissertation to previous research.  

Needs representation focuses on the structure and form of need in computing systems. 

Earlier research has presented needs as nodes in a directed graph (Abramovich & 

Khunagov, 2013) and ontologies (Ghadiri et al., 2007; Human et al., 2017). While this 

dissertation involves ontology development and evaluation (Publication Ⅱ), the results of 

the publication contribute to the elements' definitions, relations, and reasoning more than 

representation. Needs representation requires developing a concrete form that spans the 

nine fundamental needs, which demands further research. In this research, the concepts 

of satisfiers and services are interrelated; services are considered as needs satisfiers which 

should be the focal point in the AR experience.  Nevertheless, the concepts of satisfaction 

and services are not principal in this work, creating a future research opportunity.    
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From earlier research, most needs identification methods involve surveys and 

questionnaires, diminishing pervasiveness and autonomy. Other methods include signal 

processing of brain scans (Calvert & Brammer, 2012) and analysis of written text and 

social media datasets. In this dissertation, the identification method relies on the data 

collected and the basic need trigger. A rule-based approach identifies the needs triggered 

by homeostasis imbalances, while a machine learning approach identifies the needs 

triggered by habits.  This distinction is due to the difference in the nature and 

interpretation of needs and their requirements.   

The needs-based AR trigger mechanism (section 5.3.1) describes the experience initiation 

process. This mechanism requires data collection, needs detection, and service 

recommendation, resulting in experience display.  

This dissertation concludes that integrating basic human needs into AR applications as 

experience triggers enhances pervasive experiences and requires a methodological 

approach (e.g., as described by the process and guidelines developed) that demands 

appropriately considered data collection sensors and data analysis and recommendation 

approaches.   
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Abstract. The concept of context-aware personalization enables implicit detection of user context to 

achieve personalization of services. Coupled with pervasive technologies such as augmented reality, this 
concept forms a view into the future of computing. This research argues that it is essential to understand 

the needs of the human-being using the technology. Hence, the goal of this research is to provide a 

description of the relationship between human needs and context information, and its role in the 
personalization of applications. This paper answers the research question: “How to enhance personalization 

using context awareness in applications for a better pervasive experience?” The research work resulted in 

the development of a user-centric model that embodies the concepts of context awareness and needs 
prediction. The proposed model is applicable in pervasive technology aiming to provide information or 

services with minimum attention from users to attain a high satisfaction level. The pragmatic values of this 

work is aimed in the fields of ambient assisted living, healthcare, entertainment, and advertisement. 

Keywords. Context-awareness, personalization, human needs, pervasive technology. 

1. Introduction

The fact that mobile technology is advancing and growing in unprecedented speed is not a secret. We notice 

that transformation in our daily lives.  At the core of that rapid change, many features are added to mobile 

devices to provide the users with exceptional functionality and enhancements such as: Global positioning 

Systems (GPS), internet connectivity, and specialized sensors [1]. These functionalities help creating new 

mobile computing paradigms including context-aware computing and mobile augmented reality. Each of 

which has captured our interest and is further explored and discussed.  

As Mark Weiser stated it “The most profound technologies are those that disappear. They weave 

themselves into the fabric of everyday life until they are indistinguishable from it” [2]. It is prevalent that 

computers pervade our everyday life such as in our phones, TVs, alarm clocks, watches, etc. For computers 

to “fully disappear, they have to anticipate the user’s needs in a particular situation and act proactively to 

provide appropriate assistance” [3].  This capability requires means to be aware of its surroundings, for 

that reason, context-awareness is a key enabling factor.  

This research argues that for such technology to be most beneficial, it is essential to understand 

the needs of the human being using it. Background information, interests, and emotional state are all 

imperative in forming an interpretation of a human being and satisfying his/her needs [4].  The research 

question of this work is: “How to enhance personalization using context awareness in applications for a 

better pervasive experience?”. This question is answered by dwelling on the concept of context-awareness 

and its role in personalization. 

The major drives for this research are: 

• The perceived value of utilizing a user profile to understand user behavior and provide for a user’s

needs [5] [6].

• Most of the available systems utilize limited elements of context data such as location [7] [8].

• Existing context-aware techniques have limited user personalization [9].

• The field of context-aware systems development for mobile computing lacks a well-defined

engineering base [10].
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2. Related Works 

User based context-awareness is a concept discussed in a number of publications; some of which handled 

the topic in the field of pervasive computing. 

Tsianos et al. [11] indicate that the concept of context extends beyond the characteristics of the 

environment or the current state of a device. They argue that context also involves a user’s psychological 

state at the time of interaction with the system and his/her cognitive qualities. The researchers proposed a 

framework aiming to increase users’ performance through personalization. The authors concluded that the 

cognitive and emotional aspects are important in describing a user’s context and affect the interaction with 

information systems.  

Zhang et al. [12] described a proposition for a “context-aware system framework”. They claim the 

framework’s ability to model composite use scenarios. Augmented reality is an important feature in the 

framework’s design.  As a contribution of the research, the researchers extended a Context-aware 

Computing (CAC) framework to accommodate multi-state scenarios. The researchers presented a CAC 

framework architecture incorporating augmented reality and multi-state applications.   

Yazidi et al. [13], proposed “an Adaptive multi-criteria decision making mechanism for 

recommending relevant services to the mobile user”. Four main pillars form the bases for the proposed 

system: service reputation, a user’s context, a user’s profile, and recommendations history. The authors 

looked into the concept of reputable services suggestion by devising a filtering mechanism in their 

architecture. Of the other important aspects in this model is the ability to learn a user profile and context 

and controlling the notifications to eliminate repetition.  

Doukas and Antonelli [26] recognized the prominence of cloud computing and Internet of Things 

(IoT) and their potential to support context-aware mobile systems. In their research, they applied a context-

awareness use-case scenario to COMPOSE (Collaborative Open Market to Place Objects at your SErvice) 

framework which is a service oriented architecture that implements the Web of Things concept. The authors 

defined three components for the developed application: User Interface (UI), a Sensor Service, and a 

communication mechanism. In addition to four services: “The location Update Service”, “The Weather 

Update Service”, “The Social Update Service”, and “The Activity Service”.  The application is tested on a 

scenario for outdoor sport, recognizing and recommending skiing areas based on previously entered user 

preferences.  

Hervás et al. in [8] presented their work to support the ultimate scenario: users obtain the 

information they need precisely, at any instant, during their activities. The authors argue that the 

representation of context information in semantic web languages provides excellent description of the target 

domain. An Intelligent Augmented Reality Architecture (i-ARA) is presented. Four main elements compose 

the proposed model: user ontology, device ontology, physical environment ontology, and service ontology.  

In [5], the researchers proposed a novel system ‘SmartProfile’ to personalize the mobile state 

according to a user’s activities and behavior. The authors argue that their model is distinguished by using 

a calendar and geographical information to deduce context data and is generalizable.  

The Architecture of the SmartProfile system is composed of three modules. The first of which is 

the sensors module. It collect user behavior data, the data is then fed into an Information Inferring module 

(IIM) which infers information and either generate or update the user profile. The Personalization Module 

(PM) at last, uses the learned information to personalize a certain functionality of a smartphone.  

Sutcliffe and Sawyer [14] presented a framework for personalized and context-aware systems 

conceptual modelling with a goal to describe users’ needs, goals and attributes. The model focuses on 

personalized requirements. The authors describe users to have two categories of personal information: 

information describing the user (i.e. characteristics), and information held by the user (i.e. beliefs). The 

proposed framework has two layers: a Personal Characteristics Layer and a Personal Goals Layer. The 

researchers applied the model on an ambient assisted living system.  

3. Concepts and Definitions 

A Context as defined by Dey and Abowd [15] is “any information that can be used to characterize 

the situation of an entity. An entity is a person, place or object that is considered relevant to the interaction 

between a user and an application, including the user and application themselves.” 



 

 

It is inferred that a context is a description of the entity’s state at a moment in time, this state 

consisting of all, possible to collect, data. In this research, the focus is on the user, therefore, the description 

of context must be user related. As a second stage is the environment around the user, and finally the social 

environment. 

As different forms of data, context has a lifecycle which explains “where the data is generated and 

where the data is consumed” [16]. The simplest form of context lifecycle consists of four steps [16]: 

• Context Acquisition: many factors affect the methods for acquiring context, these are: sensor type, 

context source, frequency, responsibility and process of acquisition. 

• Context Modelling: is the representation of context information and may be either static (with a 

pre-specified set of context information to be collected) or dynamic.   

• Context Reasoning: is the process of deriving meaning from collected context data. 

• Context Dissemination: this step is concerned with delivering context information to consumers, 

in this case to the application or service providers. 

It is possible to use only one of the context aspects to achieve a goal, such as Location. It is also possible 

to combine multiple context aspects into one advanced object. Such an object promotes the development 

of “adaptive, useful and friendly systems” [17]. Specification of context types varies between scholars. A 

comparison list of previously identified context types and scholars in their favor is provided in [16].  The 

context types categorization schemes recognized are listed in Figure 1. 

 

 

Personalization is defined by “the creation of custom tailored services that meet the individual 

customer's particular needs or preferences”3. Asif and Krogstie (2012) in [18] identified three levels of 

personalization in mobile service. These levels are: Simple Personalization, Profile-based Personalization, 

and Contextual Personalization. With increasing level of complexity, each level is used for different 

purposes. 

 

A Human Need is “A motivating force that compels action for its satisfaction. Needs range from 

basic survival needs (common to all human beings) satisfied by necessities, to cultural, intellectual, and 

social needs (varying from place to place and age group to age group) satisfied by necessaries”.  As opposed 

to the boundless nature of wants which reflect wishes and desires, “Needs are finite”4.   

A well-known theory of human needs is established in 1943 by Abraham Maslow [19]. This theory 

depicted human needs organized in a pyramid in which higher needs are possible to satisfy only once the 

lower needs are satisfied.  Later studies expose that this hierarchical structure does not always prove correct 

and that in certain cases, needs in upper layers are more important to satisfy [19].  To compensate for the 

shortcomings of Maslow’s pyramid of needs, Manfred Max-Neef built a model describing human needs 

 
3 WebFinance, Inc., Available: http://www.businessdictionary.com/definition/personalization.html. 
4 BusinessDictionary.com, WebFinance, Inc., 2015.Available: http://www.businessdictionary.com/definition/need.html. 
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and development in his book “Human Scale Development”. According to Max-Neef [20], all needs are of 

equal importance and are not to be arranged in any order of precedence. Max-Neef stated that human needs 

are finite and classifiable; the model is applicable to all cultures and different times with the only difference 

in how and by what the needs are satisfied.  Max-Neef’s model is represented by a matrix describing nine 

different human needs (“Needs according to axiological categories”) with four categories (“Needs 

according to existential categories”) of satisfier’s for each need. 

Table 1 presents the Fundamental Human Needs Matrix by Max-Neef as derived from [21]. The 

elements in the numbered boxes are satisfiers of the presented needs. The list is not extensive, it only gives 

examples of possible satisfiers.  

 

Table 1. Fundamental Human Needs Matrix  

Needs according to 

axiological 

categories 

Needs according to existential categories 

Being Having Doing Interacting 

Subsistence 1/ Physical health, 

mental health 

2/  Food, shelter, work 3/ Feed, procreate, rest, 

work 

4/ Living environment, 

social setting 

Protection 5/ Care, adaptability, 

autonomy, equilibrium, 

solidarity 

6/ insurance systems, 

savings, work, social 

security, family, health 

systems 

7/  Cooperate, prevent, 

plan, take care of, cure, 

help 

8/  Living space, social 

environment, dwelling 

Affection 9/ Self-esteem, 

solidarity, respect, 

tolerance, passion 

10/ Friendship, family, 

partnerships, 

relationships with 

nature 

11/ Caress, express 

emotions, share, take 

care of, cultivate 

12/ Privacy, intimacy, 

home, space of 

togetherness 

Understanding 13/ Critical conscience, 

curiosity, receptiveness, 

discipline, intuition 

14/ Literature, 

teachers, method, 

educational policies, 

communication 

policies 

15/  Investigate, study, 

experiment, educate, 

analyze, meditate 

16/ Settings of 

formative interaction, 

schools, communities, 

family 

Participation 17/  Adaptability, 

receptiveness,  

solidarity, willingness, 

determination  

18/ Rights, 

responsibilities, duties, 

privilege, work 

19/  Become affiliated, 

cooperate, propose, 

share, dissent 

20/  Settings of 

participative 

interaction, parties, 

associations 

Leisure 21/ Curiosity, 

receptiveness, 

imagination, 

recklessness, sense of 

humor 

22/  Games, 

spectacles, clubs, 

parties, peace of mind 

23/ Day-dream, brood, 

dream, remember, 

relax, have fun, play 

24/ Privacy, intimacy, 

spaces of closeness 

free time, surroundings  

Creation 25/ Passion, 

determination, intuition, 

imagination, boldness  

26/ Abilities, skills, 

method, work 

27/ Work, invent, 

build, design, 

compose, interpret 

28/ Productive and 

feedback settings, 

workshops, cultural 

groups 

Identity 29/ Sense of belonging, 

consistency, 

differentiation, self-

esteem, assertiveness 

30/ Symbols, 

language, religions, 

habits, customs, 

reference groups, 

values, norms  

31/ Commit oneself, 

integrate oneself, 

confront, decide on 

32/ Social rhythms, 

everyday settings, 

settings which one 

belong to, maturation 

stages 



 

 

Freedom 33/Autonomy, self-

esteem, determination, 

passion, assertiveness 

34/ Equal rights 35/ Dissent, choose, be 

different from, run 

risks 

36/ Temporal/ Spatial 

plasticity 

 

The reasons to which Manfred-Max Neef Fundamental Human Needs Matrix is chosen in this 

research are: 

1. To lessen the gap between the provision of services and actual user needs. 

2. The matrix is proof-tested in participatory workshops in different cultures and countries [22]. 

3. The matrix of needs presents attributes that are individual and collective, it encompasses all 

elements in other needs lists [22]. 

4. The concept of needs as described by Max-neef is universal; it applies to all cultures and time. 

The difference is in the satisfiers which vary by individual, culture, and time [23].  

 

Incorporating the concept of Max-Neef matrix of needs in software engineering is done previously 

by Salado and Nilchiani (2013) [24]. The researchers developed a system centric need-based requirements 

categorizations model. Hence was the inspiration to study the relationship between context information and 

user needs which is not obvious at first. Extending context information to include inner context of the user, 

in addition to keeping track of user behavior may link a certain context to one or more needs. This requires 

the establishment of a Context-to-Needs model which is further explored in later sections. 

4. Conceptual Model of an Augmented Reality Context-Aware Personalization System 

The goal of this research is to develop a model for a Context-Aware Personalization model for Augmented 

Reality applications (CAP-AR) enabling connection with various services in a pervasive environment. The 

purpose of creating a conceptual model is to provide a general framework for developing a generic context-

aware personalization system for augmented reality applications encompassing all elements necessary to 

achieve maximum pervasiveness. The model, an artifact, is the result of this research. Conceptual design is 

Figure 2. Conceptual Deisgn place in a User/Task centered Design 

Process  



 

 

reflected in every step in software development process, it is central to the requirement gathering, design, 

and implementation [25] as shown in Figure 2. 

 

 

  

The method implemented in this section to commence the conceptual design process is a combination 

between a method derived from the description of Johnson and Henderson [25] and the W*H framework 

which is based on the rhetorical frame introduced by Hermagoras of Temnos [26]. The strength of the first 

approach is its focus on the general model design; it helps establish the correct mindset to create, evaluate 

and validate the conceptual model design. The W*H framework assists in identifying the various elements 

concerned with model development and provides a detailed description of the model. The Adopted design 

process is derived from [25][26][27] which is detailed in subsequent sections for the Context-aware 

Personalization Model for AR Applications (CAP-AR).   

4.1 Using the W*H Framework 

According to the W*H framework, the model which is an artifact can be described in primary dimensions 

W4 (wherefore, whereof, wherewith, and worthiness), and secondary dimensions W17H (by whom, to 

whom, whichever, wherein, where, for what, wherefrom, whence, what, how, why, whereto, when, for 

which reason, whereat, whereabout, whither, when) [26][27]. A brief description of each of the framework 

dimensions is listed. 

• Wherefore (Purpose) describes the goals and the tasks which the model solves. 

• Whereof (Origin) “result of mapping” explains the solution to the problem that is provided by 

the model. 

• Wherewith (Language) the language used to develop the model in addition to its limitations and 

constraints. 

• Worthiness (Value) describing the value of the model by demonstrating its qualities. 

• By Whom the role of the model author based on educational background and intentions.  

• To Whom the addressee role to whom the model is developed and be used by. 

• Whichever the domain or public that the model is developed for.  

• Wherein identifies the restrictions enforced by the world of the model. 

• Where defines the focus inside the model according to its purpose. 

• for What the application domain properties and which of them are considered. 

• Wherefrom describes the domain orientation; it imposes limitations on the model activities.  

• Whence “the source of origins or infrastructures”. 

• What the scope of the model which also includes the specification of elements and their 

properties. 

• How gives an idea of the origin’s properties, “how the world is structured and should be structured 

and how to describe the functionalities”. 

• Why an indication of the reason of model value based on its “correctness, generality, usefulness, 

comprehensibility, and novelty”. 

• Whereto the “impact of the model in providing a solution to the problem” When describes the 

limits on the “applicability and validity” of the model and when it can be applied. 

• for Which reason identifies the functionalities of the system that this model helps create and 

describes them. 

• Whereat considers the different worlds in which the model currently exists or will never exist in 

based on model value. 

• Whereabout “the background knowledge” founding the model. 

• Whither identifies possible evolution of the model to accommodate future requirements.   

Providing answers to all W*H dimensions assists in the creation of the final model. Further details 

about each of the dimensions is available in [26].  Table 2 arranges the answers to dimension questions.   

 



 

 

Table  2. W*H Dimensions in this Research 

 W*H Dimension Description 

Overall Purpose 

 

Wherefore  Purpose 

• How  Origin Properties 

• Why Reasons for Model Value 

• Whereto Model Impact 

• When Restrictions on applicability 

• For Which Reason Model Functioning  

Whereof  Origin 

Concerned Users 

 

By Whom Author role 

To Whom Addressee Role 

Whichever Domain or Public 

Major Concepts and 

Vocabulary 

Whereabout Background Knowledge 

Model Application Domain 

 

Wherein Restrictions enforced by the 
world of the model 

For What Application Domain 

Properties 

Wherefrom Domain orientation and 
limitation on model Activities 

Whereat The worlds the model exists in 

or never will 

Whence Source of origins 

Model Specifications 

 

What Scope, Specification of 

elements and properties 

Where  The focus inside the model 

Wherewith Language 

Conclusion 

 

Worthiness Value 

Whither Evolution paths 

4.2 Overall Purpose 

The purpose of the Context Aware Personalization for Augmented Reality system is to provide appropriate 

and satisfying suggestions and services for mobile users based on their Profile information, current Context 

and Needs (wherefore). Suggestions and services in a CAP-AR system are to be displayed in Augmented 

Reality (for which reason). Of the important qualities are relevance, timeliness and ease of use (How). 

The importance of this model stems from its consideration of user needs in providing AR services. 

Moreover, the context awareness ensures pervasiveness of interaction (why). Applying the Model in mobile 

applications is foreseen to positively affect the process of service provision by enabling needs prediction 

from available context information (whereto). The application of the model on mobile devices depends 

greatly on the advancement of sensor technology, current technology permits activity recognition, location 

awareness, and behavior tracking. However, needs recognition and service prediction requires 

unconventional sensors that recognize stress level, emotions, and thoughts to be fully realized. Therefore, 

the lifespan of the model starts from the time of this research in which partial ideas are applicable until the 

realization of the full model (when).  

4.3 Concerned Users 

The concerned users section answers the by whom? to whom?, and whichever? Questions. The model is 

intended for the use by mobile device users including: smartphones and smart glasses. The public expected 

to employ this model is one which is well connected to the internet having established networks, Wi-Fi and 

mobile network access.   

4.4 Major Concepts and Vocabulary 

Providing terminology definitions for conceptual design is necessary to insure consistency in the design 

process and subsequently in implementation and documentation [25].  Answering the question of 



 

 

whereabout that defines the background knowledge of the model, following are the terms used in the 

conceptual design phase. 

• CAP-AR app: the system name based on the conceptual model name.  

• Situation: a collective description of a tuple of information containing current context, user 

emotions, and relevant profile information. 

• Situation History Log: a file containing previous records of a user situation. 

• Need: a state of increase of one of the fundamental human needs. It is predicted based on previous 

Situation-Need log.  

• Satisfier: Any physical, institutional or moral element that satisfy one or more needs. It is a 

Service provided by an organizations registered into the system.  

• Activity: an action performed by the system user. 

• AR View: and Augmented Reality view displaying the service. 

• Relevance Feedback: the users may provide the system with feedback about their satisfaction of 

the provided service and its relevance to the current situation. This information is used to update 

the user profile and adapt interest on services. 

• Explore Service: the user may choose to view further information about the service or suggestion. 

The options for service exploration include: Show Direction (Opens a map to show direction from 

current location), Show Details (Opens a website displaying Service information). 

4.5 Application Domain 

The model is applicable across different domains. The goal is to enable a computer to predict human needs 

and allow proper suggestion of services. The model requires (wherefrom) sensors to detect context data 

and mechanisms to infer the user situation, afterwards the user need is predicted, and most related services 

are suggested through an AR view. The model is based on a combination of Context aware and 

recommendation systems infrastructures (whence). This model requires internet connection for the 

developed application and is enforced by an internet of things (IoT) concept (whereat). Of the restrictions 

on this model (wherein) is the context detecting sensors. While certain sensors are available in a mobile 

device (for example to detect location), more elaborate sensors integrated in a mobile device are needed to 

achieve the full functionality of the model (such as sensors to detect blood sugar).   

The model is applicable in different fields (for what) such as: Ambient Assisted Living [28]. For 

instance a Smart home such as in “The Ubiquitous Home” by Yamazaki [29]. Healthcare is also an 

important application area which allows for monitoring and collecting patient vital signs pervasively and 

improving the decision making process [30].  Entertainment and Advertisement are also of the application 

fields.  

4.6 Model Specifications 

This section answers what questions by describing the functionalities and the different elements of the 

Model. It provides an explanation of the domain focus with the model based on purpose answering the 

where question. The wherewith dimension is achieved by specifying the modelling Language used. 

 

4.6.1 High-Level Functionality 

High-level functionality includes the main Conceptual design decisions for the CAP-AR system. 

The Context Aware Personalization model for AR applications (CAP-AR) combines between the concepts 

of: User Profiling, Context Modelling, Needs Recognition and Proper provision of Services. Towards 

constructing the proposed model, it is essential to recognize the functionalities which the model is intended 

to achieve. Table 3 summarizes the main functionalities for the CAP-AR system. 

 

 



 

 

Table 03. Main Model Functions 

Main Functions Description 

1. User Profile Construction Building the user profile based on the five user 

characteristics: Physical, Cognitive, Demographic, 
Experience and Psychology [31]. 

2. Context and Situation Recognition Identify user Situation according to context data 

3. Activity Recognition Recognize user activity based on sensor data 

4. User’s needs prediction Learn user needs based on User Profile information, 
context and activity 

5. Correct selection of service as a Need 

Satisfier  

based on user profile and predicted need, the appropriate 

service must be selected for displaying to the user 

6. Display services, or suggestions in 

Augmented Reality mode 

Open an AR view and load the appropriate service 

information 

7. Collect User Feedback Enables the user to rate the provided suggestion by 

specifying satisfaction level   

4.6.2 Task Hierarchy Enumeration 

This section provides an enumeration of the tasks to be supported by the CAP-AR system. There 

are main tasks, and sub-tasks which may be task-steps or task alternatives (Figure 3).  

• User Registration 

o Provide Basic User Profile Input 

▪ Provide the following data items: Name, Birthdate, Email, etc. 

• Passively Collect Context information from different sensors 

• Predict User’s Current Need based on the matrix of needs 

• Service Provider Registration 

• Automatic Suggestion of Services 

o Make required weighing of services against current Situation  

o Rank Services based on interests and history information 

o Display the highest ranked service in AR view 

• Act on Service AR View 

o Click to view Directions to service location in a map view 

o Click to view further information in the Service Website 

o Provide Rating of Service for Relevance 

o Provide Satisfaction Level Rating 



 

 

 

4.6.3 Objects-Operations Analysis 

4.6.3.1 Formatting Conventions 

This formatting convention is adopted from [25] to provide a clear description of the various 

objects, the operations on objects and the relationship between them (Available in Table 4). 

• Names of Objects are displayed in bold  

• Each object may or may not have subtypes, attributes describing the objects, operations to be 

performed on the objects. 

• Each object contained in another object must specify that. 

• Objects with parent-types inherit their attributes and operations. 

• Operations may have sub actions or variations of actions 

  

 

4.6.3.2 Objects-Operations Hierarchy  

Table  4. Object Operation Hierarchy 

Objects Attributes Operations 

User • Id: Number 

• Name: text 

• Register User 

• Input Registration information 

Profile Physical, Cognitive, 

Psychological, Experience, 

Demographic 

• Input Profile data 

• Update Profile Data 

• Delete Profile data 

• View Profile 

Current Context • Activity: Text 

• Time: Time 

• Date: Date 

• Weather: Text 

• Mood: Text 

• Feeling: Text 

• Recognize Context 

Need • Name: Text • Predict Need Based on Context 

Figure 3. Hierarchical Task Analysis of CAP-AR 



 

 

• Category 

Satisfier  • Name: text 

• Description: text 

• Register Satisfier 

• Display Satisfier 

Organization • Id: Number 

• Name: text 

• Description: text  

• Register Organization 

• Input organization Information 

• Update Information 

• Delete Account 

Service (Subtype of 

Satisfier) 
• Organization: text • Provide Rating for Relevance 

• Provide Rating for Satisfaction 

• Register Service (By 

Organization) 

AR Output • AR Model 

• Video 

• Link 

• Click for ratings 

• Click for Directions  

• Click for more information 

By Organization 

• Upload AR Model 

• Assign AR Model to Service 

• Upload Required resources 

 

4.6.3.3 UML Object Diagram 

The Modeling language of choice is the Unified Modelling Language (UML) (wherewith). Figure 

4 displays a simplified UML object diagram of the model. 

 

5. Research Artifacts 

This research resulted in the development of two artifacts: First, a structure mapping the three elements of 

Needs, Technology, and Context. And the main Model of the research:  a Model for Context Aware 

Personalization for Augmented Reality Applications. 

5.1 Mapping Data Collection to Max-Neef Matrix of Need (NCT Framework) 

Available technology enables the collection of valuable information about the user. To ensure coherent 

integration of concepts, it is crucial to map the Context Categorization scheme (section3) to Max-Neef 

Fundamental Human Needs Matrix, and afterwards to the Data collection technology adopted. Of the 

different context elements, the “When (Time)” Factor is shared between all existential categories by 

recording the time when recognizing a situation.  

The Needs-Context-Technology (NCT) framework (Table 5) aids in the recognition of the various 

human needs and their relation to context information and the technology needed to identify those needs.  

Figure 4. UML Object Diagram 



 

 

Based on this framework, human needs in respect to the Doing axis are determined by the What (Activity) 

context, in order to discover these needs the system must embody Activity Recognition technology. This 

framework is for needs detection not satisfiers. 

Table 5. Needs, Context and Technology Mapping 

Fundamental 

Human Needs 

existential 

Categories 

Being 

(Qualities) 

Having 

(Things) 

Doing 

(Actions) 

Interacting 

(Settings) 

 

Context Aware 

Categorization 

 

 

 
User, Who 

(Identity) 

 
Things 

 
What (Activity) 

 

 
Where (Location), 

Weather, Social, 

Networking 

When (Time) 

 

Sensors and 

Technology 

 

 

 

Emotion Sensors 

Body Sensors 
 

 

IoT Systems 

and Sensors 
 

 

Activity 

Recognition 
through Motion 

Sensors 

 

Location 

Awareness 

Nearby User 
Device (for 

Proximity with 

other users) 

 

5.2 Context aware Personalization for Augmented Reality Applications (CAP-AR) 

The Main Artifact of this research is the Context Aware Personalization for Augmented Reality 

Applications Model.  

The final model as depicted in Figure 5 has the user as the main, but not only, producer of data. The 

data feeds the application to predict user needs. The application then matches the proper satisfier to the 

predicted need and presents it in an Augmented Reality view to the user who may provide feedback about 

satisfaction level.  

 

 

The CAP-AR Model consists of number of modules; each representing a functionality required to 

achieve the overall goal of the proposed system.  

Figure 5. Context Aware Personalization Model for Augmented Reality Applications (CAP-AR) 



 

 

5.2.1 Main Modules 

The System is composed of interacting elements that are the foundation for the architecture. These 

elements are distributed between the User Side of the System (Mobile Application), the Service Provider 

Side (On Server), Possible Augmented Reality Displays and the Internet for Information Retrieval.  

5.2.1.1 System Input Module 

This module is composed of all possible input to the system including user profile data, context 

data, System Settings, and User feedback data. The ultimate goal of implementing the model is to collect 

profile and context data implicitly. However, at the time of conducting this research, it is possible to 

automate certain parts of the data collection process (e.g. detect weather information), still, the user is 

required to provide the remaining information (e.g. age, education level).   

5.2.1.2 User Profile Module 

A User Model is a data structure that holds “attributes of a type of users”, while a user profile is 

an instance of the user model that holds the information of one particular user [9].  User’s behavior changes 

in different environments, therefore it is necessary to recognize a user’s profile features related to a specific 

setting to enable personalization in context aware applications [9]. Environmental, Temporal and User 

contexts are of high importance when developing a broad model for “dynamic users attributes in varying 

mobile environments” [9]. Researchers in [31] suggested an integrated user model consisting of five general 

user characteristics: Physical, Cognitive, Demographic, Experience, and Psychological (Figure 6).  

• The Physical dimension of the user describes the characteristics of body parts that allow 

interaction with the software system such as Vision and Hearing.  

• The Cognitive aspect consists of intelligence traits and skills, examples are Memory and 

attention span.  

• The Demographic side includes characteristics such as: age, gender, education, religion and 

more.  

• Experience is the dimension that describes a user’s experience with using devices, experience 

at job, or domain knowledge.  

• The last aspect Psychological comprises the user behavior which affects the interaction with 

the software such as motivation. The aforementioned model is originally developed to assist 

in usability testing of software systems based on user characteristics. 

 Due to its relevancy in concept to this research, its broad nature and the ability to describe the 

state of a user with immense details, the aforementioned Model is considered for user modelling in this 

research. 

 

Figure 0.2 User Model with Examples Figure 6. User Model with Examples 



 

 

5.2.1.3 List of Needs  

The list of needs is governed by the Matrix of Human Needs described (section 3). It is composed 

of a pair of axiological categories (Subsistence, Protection, Affection, Understanding, Participation, 

Leisure, Creation, Identity, and Freedom) and existential categories (Being, Having, Doing, and 

Interacting). The model must incorporate a list of needs to be used for both the prediction process and 

service recommendation. The detection of these needs requires the user’s device to be equipped with 

varying sensors and technology. 

5.2.1.4 Rules 

An Organization may select rules to be applied in certain conditions to trigger services. Rules take 

the form of If – Then statements. Rules is the simplest type of reasoning in context aware systems [16]. For 

this Model, rule based reasoning is suggested for certain critical events, such as: 

IF Blood Sugar is lower than 70 mg/dl THEN prompt steps to treat hypoglycemia. 

 

These rules provide a different means for reasoning in case the available data is limited and does not 

allow machine learning techniques to be applied. A possible implementation it to link the application to an 

expert system, sending it collected context and user data and retrieving results of reasoning.  

5.2.1.5 List of Services 

The List of Services is provided by the different organizations registered in the system. These 

services are considered possible satisfiers for the different user needs.  Possible services include: education, 

communication services, transportation, trade, healthcare, food service, and beauty services. The goal is to 

provide the users with information about these services based on their needs and context data.  

5.2.1.6 Needs Prediction Module 

To provide a definition, Needs Prediction is “the task of forecasting the current user need based 

on available context information in order to provide better service recommendation”.  It is tempting to 

consider needs prediction to be a sequential patterns problem, such as in a smart home application which 

attempts to “Predict a User’s next Location” to set the environment as required (Lights, temperature, etc.) 

as stated in [32]. However, such an application depends only on the “location” context factor. Needs 

prediction, on the other hand, involves many contextual factors affecting the prediction result.  According 

to Zheng, Mobasher, and Burke (2014) [32], for context prediction in pervasive computing the mostly used 

approaches are prediction and classification algorithms such as “Bayesian networks, neural networks and 

Markov models”.   

5.2.1.7 Service Recommendation Module 

Traditional recommendation systems take into consideration two factors: Users and Items with no 

regard to context information. Contextual information is important to provide appropriate recommendations 

in the right circumstances [33].  This leads the incorporation of Context Aware Recommender Systems 

(CARS) in this research.  In addition to context information, the recommendation Module takes into 

consideration the metadata provided in service description to find the most appropriate service for a user 

[34]. According to Adomavicius and Tuzhilin (2011) [33], the first step in the recommendation process 

requires having a preliminary set of ratings specified by the users or gathered by the system. Then, the 

Rating function R is predicted by the recommender system 

“R: Users × Items  → Ratings”   (1) 

This is done for (user, item) pairs that are not yet rated. And then the highest rated items will be 

recommended to the user. Since this type considers only two dimensions of data User and Item, it is 

considered two-dimensional (2D) or traditional recommendation. Conversely, Context Aware 

Recommendation Systems (CARS) integrate context information in the recommendation process resulting 

in a different “multidimensional” rating function 

“R: Users × Items × Context  → Ratings” (2) 

User and Item represent the domains of Users and Items, Context is the context information related to 

the application and Ratings is the ratings domain.  



 

 

For this research a new dimension is added to give a new perspective to the rating function; this is 

the Needs dimension 

R: Users × Items × Context × Need → Ratings (3) 

Where Need denotes a Need from the Human Needs Matrix (section 3). Adding the Needs dimension 

adds more focus to the ratings.  

5.2.1.8 System Output 

The system output is the Augmented Reality view of the recommended service.  This output might 

include any or all of the following:  3D Model, Video, Audio, Points of Interest (POI), a Map, and any 

service information provided by the organization owning the service.  

6. Conclusion 

Pervasive computing is a relatively new field which combines concepts from many fields 

including computer science, psychology, social sciences and engineering.  Achieving pervasive computing 

means “the creation of environments saturated with computing and wireless communications capability, 

yet gracefully integrated with human users”. 

The ability to predict human needs based on context information forms the premises of investigation, 

of this research, to enhance personalization in pervasive environments. The attempt to address the research 

question resulted in the development a mapping of Context and Technology to Human needs which lays 

the foundation for the recognizing the different technologies and context information required when 

developing a system to predict human needs. The main artifact is a Context Aware Personalization Model 

for Augmented Reality Applications (CAP-AR). This model defines the main elements of the system and 

the interaction between those elements.  Future work includes the design and implementation of an 

experiment to test the validity of this model. 
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Abstract. Augmented Reality is a display and interaction method of future computing. It augments digital 

information in real environments in text, audio, image, or video formats. Augmented reality can be more 
effective if supported by knowledge about human needs. Basic human needs are finite in number, and with 

the right methods, they are detectable or predictable. This research develops an ontology that describes the 

structure and relations between the elements of augmented reality, context information, and human needs, 
with the ultimate goal of developing a robust conceptual model.  Ontology development is a knowledge-

driven approach used to represent data and reasoning. This paper focuses on linking the aforementioned 
concepts to enable correct data representation and reasoning. The research approach, process used, and the 

evaluation of the ontology is presented as well.  

Keywords. Human needs, augmented reality, context-awareness, ontology, satisfiers, conceptual model 

1. Introduction

An Ontology is a notion that has origins in Latin (onto + logy), which means the science of being or 

existence. The term is borrowed from philosophy and used in the field of computer science. Thomas Gruber 

set its definition to be “a specification of a representational vocabulary for a shared domain of discourse- 

definitions of classes, relations, functions, and other objects- is called an ontology” [1]. Ontologies are 

commonly used in semantic web technologies to ease computers’ understanding and manipulation of 

internet data. The semantic web is built on a set of languages and technologies: The Extensible Markup 

Language (XML) provides the syntax. The Resource Description Framework (RDF) represents information 

about resources. The RDF schema enables a taxonomical organization, and the Web Ontology Language 

(OWL) provides expressive constructs to extend the RDF schema [2].  

This paper presents an ontology that describes the use of Augmented Reality in the satisfaction of 

human needs. 

1.1 Augmented Reality 

An Augmented Reality (AR) system embodies the following properties [3]: 

 It enhances real environments by adding virtual objects.

 It works in real-time and provides interactivity.

 It provides the correct placement of virtual objects within the environment.

AR has many application areas such as education and learning [4], entertainment and gaming [5], food

and beverage industry [6], health care [7], manufacturing [8], museums [9],  space exploration [10],

and tourism [11].

1.2  Human Needs 

There is a difference between needs, desires, and satisfiers [12]: 

 Need: the most fundamental requirement and the base for desires and satisfiers.

 Desire: personal and intentional, two possible desires may fulfill a specific need; however, it is a

personal preference to choose one over the other.

 Satisfier: objects or states that fulfill needs or desires.

1 Corresponding Author, Manal Yahya; E-mail: manal.ahmad@gmail.com. 



 

 

This research focuses on needs and satisfiers rather than desires to keep the case general to all users.  

There are many theories of human needs. The goal of using Max-Neef’s model [13] in this research is to 

provide a base for recognizing human needs rather than claiming that it is the only valid model.   

1.3 Problem Definition and Motivation 

The study of human needs has roots in psychology, economics, philosophy, sociology, anthropology, and 

social sciences, which indicates the importance of needs, and their satisfaction in human life. Despite that 

fact, there is still a shortage of incorporating human needs in information systems and tools [14]. 

Augmented reality is a growing field that may benefit from the utilization of human needs. A.K. Dey [15] 

defines context awareness as “A system that uses context to provide relevant information and services to 

the user, where relevancy depends on the user’s task.” This concept allows augmented reality applications 

to be adaptive [16]; nevertheless, we argue that incorporating the concept of human needs leverages the 

pervasiveness of context-aware systems. Hence the motive to study the development of augmented reality 

applications with a concentration on human needs detection and satisfaction. Previous studies focused on 

the development of a conceptual model to address this motive [17] [18]. The characteristics of conceptual 

models, according to [19] are: 

 Conceptual models have conceptual semantics 

 They are ontologically grounded 

 They make an ontological commitment 

These characteristics reflect the base in which ontologies provide support for the development of conceptual 

models and the use of a foundational ontology to advance conceptual modeling [20].  

From another perspective, some of the reasons that drive the effort of ontology development are [21]: 

 It provides a shared understanding of the structure of information between people or software 

agents.  

 It analyzes domain knowledge and separating it from operational knowledge. 

 It allows domain knowledge reuse. 

 It explicitly defines domain assumptions. 

 

Based on the above reasoning, this paper looks into the development of an ontology that combines the 

concepts of augmented reality, human needs’ satisfaction, and the detection of those needs from context 

and user information to support conceptual modeling. Previous studies on ontologies included a 

representation of needs as they are found in various theories of human needs [14], an ontology focusing 

only on Max-Neef’s model of human needs [22], context modeling [23], and developing augmented reality 

based on ontological context awareness [16].  

The contribution and novelty of this research involve developing a vocabulary that conceptualizes the 

relationship between humans, their needs, existing satisfiers, and their possible representation in augmented 

reality, with the ultimate goal of providing augmented reality experiences to users according to their 

detected needs. This ontology should enhance and enrich our conceptual model, and enable the 

development of models and systems based on it.  

In addition to the representation of needs, this research requires building relations with other elements 

affecting them, such as the trigger of a need, the context in which it occurs, and the possible services that 

satisfy those needs.  

This research follows a bottom-up approach to defining the cycle of needs. The cycle starts with a 

balanced state, a trigger elicits a need which is then detected, a satisfier is matched with the need detected, 

which is then accepted or rejected, and the user provides feedback at the end of the cycle, and a state of 

balance is retained.  All the elements in this cycle must be represented clearly in the ontology under 

development.  

 

This paper is divided as follows: Section 2 explains the research approach used in the development of 

the ontology. Section 3 discusses related work. Section 4 details the steps of ontology development and the 

outcomes. Then, section 5 presents the evaluation of the ontology. Finally, the discussion and the 

conclusion are in sections 6 and 7.  



 

 

2. Research Approach 

The methodologies described in [24] and [21] are chosen and combined to develop the Augmented Reality 

for human needs ontology. Those research papers describe detailed steps in ontology development.  

In [24] Methontology (a term coined by the researchers), the ontology lifecycle is defined by some 

states and activities (Fig. 1), these activities represent the method to develop the ontology. Below is a list 

of activities and important notes for each activity.  

 

 

Methontology Phases [24]  

1. Specification: In this phase, the developers produce an ontology specification document that 

includes the purpose, level of formality, and the scope of the ontology under development. 

2. Knowledge Acquisition: This step may be performed parallel to the specification phase and 

continues until not needed; knowledge can be collected from many sources, including books, 

experts, and research papers.  

3. Conceptualization: this phase requires the development of a conceptual model based on the 

information from the specification document. The model should demonstrate the problem and its 

solution. To aid the development of the model, the authors suggest creating a Glossary of Terms 

(GT), including concepts, properties, instances, and verbs.  

4. Integration: the authors suggest using previously built ontologies to derive terms and their 

definitions and descriptions. They also recommend building an integration document that 

describes the meaning of each term, the ontology it was derived from, and its name in the 

conceptual model.  

5. Implementation: this activity requires the utilization of an ontology development environment or 

editor to build the complete ontology.  

6. Evaluation: the ontology must be evaluated through verification and validation following 

predefined techniques based on the specification document.  

7. Documentation: in addition to the publication resulting from building the ontologies, thorough 

documentation aids in keeping the ontology, maintaining, and reusing it.  

 

The research on ontology development in [21] defines the following steps for the ontology 

development process: 

1. Determine the domain and scope of ontology. 

2. Consider reusing existing ontologies. 

3. Enumerate important terms in the ontology.  

4. Define the classes and class hierarchy.  

5. Define the properties of classes-slots. 

6. Define the facets of the slots.  

7. Create instances.  

Figure  1. States and Activities of Ontology development [24] 



 

 

3. Related Works 

This section reviews previous research on the topics at the intersection of augmented reality, human needs, 

context awareness, and ontology development.  

The research presented in [16] studies adding adaptiveness to augmented reality by using ontologies, 

and aims to represent and analyze context. The defining factor in creating adaptivity is user activity. Four 

main elements compose the structure of the context model ontology: user ontology, device ontology, 

physical environment ontology, and service ontology. The developed AR application provides the required 

information in a three steps process: 

1. The mobile device reads the URI object reference. 

2. The device requests the relevant information from the server that returns an RDF describing the 

location of all relevant elements.  

3. The user views a relevant augmented reality scene based on the situation. 

The researchers developed a prototype that enables reading of Quick Response (QR) codes and the use 

of Near-Field Communication (NFC) technology. They provide an Ambient Assisted Living (AAL) 

scenario to evaluate the proposed system.  

In [22], Dsouza presents the Fundamental Human Needs (FHN) ontology, based on Max-Neef’s 

Fundamental Human Needs theory [13]. The research defines the main entities in the conceptual model as 

Agent, Role, Need, Satisfier, and Existential Category. As a method to further describe the satisfier, he 

portrayed the existential category to be a categorization of the satisfier rather than the need. The author 

used the Methontology [24]  method to develop the ontology and provided a verification and validation 

approach to evaluate it.  

An ontology-based model for human activity representation in smart homes [25], proposes a model 

developed using the NeON methodology [26], and it consists of connected ontologies that fall in one of 

three categories: user ontologies, smart home context ontologies, and Activity of Daily Life (ADL) 

ontologies. The authors provided a case describing a scenario of an elder person living in a smart home 

environment; they applied the developed ontology on the case scenario for evaluation. The researchers 

identified two main approaches to model activity in the smart home environment: 

 Data-Driven approach: 

Learns activity models using data mining and machine learning methods. 

o Advantages: good at processing uncertain knowledge, and can handle long-term temporal 

data.  

o Disadvantages: suffers from the cold start problem, and lacks the reusability in mixed 

systems.  

 Knowledge-Driven approach (including Ontology development): 

It uses knowledge engineering methods and representation formalisms. 

o Advantage: effective representation abilities and reasoning methods for heterogeneous 

data.  

A study in [27] describes the use of cultural heritage ontology to provide location information in specific 

cultural sites. The researchers developed an application that provides contextual information in mobile 

augmented reality. They used the Korea Cultural Heritage Data Model (KCHDM) to collect and display 

contextual information which has five super-classes: actor, event, thing, time-span, and place. It also has 

eighty-four properties that connect the classes.  

     The researchers in [14] pinpointed the limited use of human needs concepts in information systems and 

the lack of needs assessment tools in computing. They developed an ontology called OPENEED and 

incorporated need theories and need assessment methods. OPENEED is composed of a core ontology (Fig. 

2) that describes fundamental human needs theories, and extensions that describe adjectives to describe 

needs, and assessment methods.  The researches performed a need assessment study in a Viennese district 

local community to validate the developed ontology. The collection of ontologies in OPENEED has a set 

of rules in the Semantic Web Rule Language (SWRL)[28]. The authors identified five main applications of 

the ontology:  

1. Enables publishing of related studies as “self-contained datasets.” 

2. Allows querying the results from single or multiple studies that make comparative analysis 

possible. 



 

 

3. Enriches the data collected in studies by using SWRL rules. 

4. Enables tracking the origin of assessments and evaluations, whether by individuals, experts, 

or communities. 

5. Allows representation of different sizes of data due to the modular structure of the ontology.  

 

4. Ontology Development 

This section provides details on creating an ontology that is capable of representing the information of a 

user, his/her needs, context, AR experiences as services, and the relationship between these concepts.  

1.1 Specification: Determine the Domain and Scope of the Ontology 

Several questions must be answered to determine the domain and scope [21]: 

 “What is the domain that the ontology will cover? 

 For what we are going to use the ontology? 

 For what types of questions, the information in the ontology should provide answers? 

 Who will use and maintain the ontology?” 

 

The domain defined for the “Augmented Reality for Human Needs” ontology includes the information 

needed to detect human needs, the representation of those needs, and elements of augmented reality 

experiences that represent the satisfiers or aids in the satisfaction of those needs. This ontology may be used 

for applications that match AR satisfiers with human needs when they arise. The ontology is used and 

maintained initially by the authors of this research.  

 

As an additional help to answer the third question, the following competency questions are proposed 

so that a system using this ontology should be able to answer: 

 Which human need is currently active for a user? 

 What augmented reality experience can satisfy a specific need? 

 What is the current internal state of the user? 

Figure 2. Outline of Core-OPEENEED Ontology [14] 



 

 

 

A significant task in the ontology development process is to create an Ontology Requirement 

Specification Document (ORSD), which describes the purpose of the ontology, its uses, and users, and the 

requirements it should realize [29] (Table 1).  

 

Table 1. Ontology Requirement Specification Document 

 AR for Human Need Ontology Requirements Specification Document  

1  Purpose 

 The purpose of creating the ontology is to provide a knowledge model for the 

augmented reality domain that responds to various human needs and fulfills them. 

  

2  Scope 

 The ontology should focus on the application development and representation 

part of the described system. 

 

3  Implementation Language  

 RDF/OWL  

 

 

4  Intended End-Users  

 User 1.   

 

User 2.  

User 3. 

User 4.  

Application developer aiming to develop a system that detects human 

needs and matches it with AR satisfiers. 

The Person who uses the application to find needs satisfiers.  

The Company providing services as satisfiers.  

Health care provider monitoring a user’s change in health  

 

5  Intended Uses 

 Use 1. 

 

Use 2.  

Use 3. 

Use 4. 

Develop an application interface and background that reflect the 

ontology and match needs and satisfiers. 

Create a profile, monitor needs’ triggers and view possible satisfiers 

Create AR satisfiers for various human needs 

Provide monitored health information 

 

6  Ontology Functional Requirements  

 FR 1.   

 

 

FR 2.  

The Ontology proposed must support user modeling. Static information, 

as well as dynamic context information about the user, must be 

supported. 

The ontology must support a human needs theory model, in this case, 

Max-Neef’s model of human needs.  

 

7 Pre-Glossary Terms 

 Augmented Reality, Human needs, satisfaction, balance, triggers, feedback  

 

1.2 Consider Reusing existing Ontologies 

After a deliberate search for ontologies that encompass the concepts of augmented reality and human needs, 

below are research papers that provide similar ideas and inspire the development of our proposed ontology: 

1. FHN- Cloud-based Ontology solution for conceptualizing human needs. [22]. 

2. OpeNeed- Ontology for Representing Human Needs [14]. 

3. GUMO- The General User Model Ontology [30]   

4. A Context Model based on Ontological Languages [23]  



 

 

The user modeling part of this study is created based on the General User Model Ontology 

(GUMO)[30] [31]. It provides a detailed description of the user, including physiological state, 

characteristics, personality, demographics, and emotional state.  

The context ontology section is derived from the work of Hervás, Bravo, and Fontecha [23]. Concepts 

from the device model ontology, the environment model ontology, and the information visualization 

ontology are incorporated in the developed ontology. The Human Needs section is derived from the FHN 

[22], and OpeNeed Ontologies [14]. 

1.3 Conceptualization 

Conceptual Models are essential instruments to represent engineering scenarios. They reflect our 

understanding of the world and aid in the “development of knowledge about these worlds” [32]. The model 

presented in Fig.3 is application-dependent; it reflects the idea of a system capable of recognizing human 

needs and presenting augmented reality experiences that function as satisfiers or means for a satisfier for 

those needs. This model is based on previous research presented in [17] [18].  

 

 

The main concepts in this model are: 

 Person: the user of the system who has a profile and carries sensors to detect his/her basic 

needs. 

 Context: describes the setting/ situation on which a person resides at a certain point in time. 

Context is divided into external and internal states.  

o External State: describes the environment, and all information related to it at a 

particular time, including temperature, location, activity, social setting.  

o Internal State: it portrays the internal state of a person; the change in this state may 

reflect the occurrence of a need. The main element to be checked in the internal state 

is the body’s homeostasis. 

 Need: is one of the basic needs in Max-Neef’s model of fundamental human needs. The need 

is a combination of existential and axiological categories, having a format of 

Subsistence/Being need, or Subsistence/Having need.  

 Trigger: a trigger is a factor that activates a need. There are three types of triggers in 

psychology [33]. These are Homeostasis imbalance, incentive, and stimulation. 

o Homeostasis Imbalance: is the internal state that reflects a malfunction in the body 

processes resulting in a rise of a need. 

o Incentive: is an external positive or negative environmental stimulus that motivates 

a person. 

o Stimulation: is an activity that causes excitement or pleasure. 

 Satisfier: an object, idea, or social structure that contributes to the satisfaction of a need. 

Figure 3. Conceptual Model of Augmented Reality for Human Needs Satisfaction 



 

 

 Augmented reality experience: is an experience that is developed to function as a satisfier 

of a basic human need or aid in the satisfaction of the need.  

These concepts describe the problem and the possible solution for it. The ontology development 

activity of this research is based on this model to discover all related terms and expand the knowledge in 

this system domain.  

1.4 Enumerated Important Terms in the Ontology 

In addition to the pre-glossary terms identified in the ORSD in section 4.1, further concepts and terms are 

discovered by creating a Glossary of Terms (GT) that includes concepts, verbs, instances, and properties 

[24].   

Table 2 below shows the most important terms to develop the Ontology within the subjects of Human, 

Need, Context, Augmented Reality. The list does not reflect the relations between the terms; it just lists 

them.  

 

Table 2. Important terms in the ontology  

Human Need Context Augmented 

Reality 

User Subsistence Environment AR Satisfier  

Profile  Protection External State AR experience 
Internal State  Affection Location Object 

Hemostasis Imbalance Understanding Incentive Placement 

 Participation Stimulation System 
 Leisure  Direct Satisfier 

 Creation  Indirect Satisfier 

   Satisfaction 

    

1.5 Define the Classes and Class Hierarchy 

 To define the classes and class hierarchy, the Protégé open-source ontology editor [34] is used. A 

combination of top-down and bottom-up approaches are used for creating classes and connecting them in 

relations from top-level concepts to details and other times from middle concepts to more general ones (Fig. 

4).  

Figure 4. Protégé Class Hierarchy 

1.6 Define the Properties and facets of Classes-Slots 

The properties of each class describe its structure. In the Protégé editor, there are two types of properties: 

objects properties that describe the relation between classes and data properties that describe the instances.  



 

 

Classes can have many facets that describe their features. These include slot cardinality, slot-value 

type, and domain and range of a slot. For each of the classes identified, defined are the various facets of the 

properties in the Protégé tool. Each property is then linked to the class it describes (Fig. 5).  

 

 

Figure 5. Define Properties and Facets of Classes 

 

1.7 Create Instances 

The creation of instances helps in answering the many queries the ontology must answer. An essential role 

of instances is to validate the correct function of the ontology. In Web Protégé, the concept of instances is 

called individuals. Several instances are created for each of these classes: Human, Need, Satisfier, 

Augmented Reality experience, and context for ontology evaluation.  

1.8 Ontology Visualization 

To better view the structure and relations in the developed ontology, a visualization is provided (Fig.6) 

using a web-based visualization tool for ontologies WebVOWL2.  

 
2 http://vowl.visualdataweb.org/webvowl.html 



 

 

  

5. Evaluation  

Many methods and metrics are available for ontology evaluation. All these methods fall into one of two 

evaluation categories: verification and validations. While verification is concerned with the correctness of 

the ontology, validation is concerned with developing the correct ontology [35].  

For the evaluation of the AR for Human Needs ontology (AR-HN), the OOPS! Ontology Pitfall 

Scanner developed by Poveda-Villalon, Suarez-Figueroa, and Gomez-Perez [36] is used. The OOPS! 

Ontology Pitfall Scanner is a web-based tool that verifies ontologies’ correctness by detecting possible 

errors. The developers of OOPS! provide a catalog of common pitfalls3 that are categorized into the 

following classification lists [37] : 

Evaluation Classification by Dimension: 

 Structural Dimension  

 Functional Dimension  

 Usability Profiling Dimension 

Evaluation Classification by Criteria: 

 Consistency 

 Conciseness 

 Completeness 

 

The list of pitfalls possible to be detected by OOPS! Ontology Pitfall Scanner, according to the 

abovementioned classification, is presented in Fig.7 and Fig.8, as extracted from [37].  

 

 
3 http://oops.linkeddata.es/catalogue.jsp 

Figure 6. Augmented Reality for Human Needs Ontology Visualization 



 

 

 

 

 

5.1 Evaluating Correctness of the Ontology: Verification 

Ontology evaluation is an on-going process throughout the design and development stages. In this section, 

the ontology correctness is verified by comparing the results of the scans performed on the Augmented 

Reality for Human Needs ontology using the OOPS! Ontology Pitfall Scanner. The results of the scan done 

after the complete ontology development are presented as “AR-HNOnto Previous” in the charts. 

Alternatively, the results of the scan after addressing the issues detected by the first scan are represented as 

“AR-HNOnto Final.”  

The advanced options in OOPS! allows for general and specific scanning by dimension or criteria. For 

comparisons with the developed ontology, the scanner is being run on two developed ontologies that are 

named Good Ontologies by the world wide web consortium W3C4 :  

 The Marine Ontology 

 The Good Relations Ontology 

 
4 https://www.w3.org/wiki/Good_Ontologies 

Figure 8. Classification of Pitfalls according to Criteria [28] 

Figure 7. Classification of Pitfalls according to Dimensions [28] 



 

 

The Marine, Good Relations, and Augmented Reality for Human Needs ontologies are comparable 

since the size difference is reasonable (Table 3).   

 

Table 3. Sizes of the Compared Ontologies 

Ontology Class Count Logical Axiom Count 

Marine 106 267 

Good Relations 38 450 

Augmented Reality for Human Needs 32 260 

 

5.1.1 Verification by Dimensions Classification 

This step presents the results of the AR-HN ontology before and after corrections based on the structural, 

functional, and usability dimensions. The results are compared with the results obtained from the Marine 

and Good Relations ontologies.  

 

Figure 9. Ontology Verification by Dimension Chart 

 

The high number of pitfalls (120 pitfalls) in the usability dimension is due to missing annotations, 

which aid in the human readability of the ontology. After providing proper annotations in the form of labels 

and comments, the number of pitfalls decreased significantly.   
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5.1.2 Verification by Criteria Classification 

Figure 10.  Ontology Verification by Criteria Chart 

 

The results of the Conciseness criteria, which represent the bad practice in the ontology, returned zero 

pitfalls for all ontologies. Therefore, it is not included in the verification by criteria chart. The consistency 

result of the AR-HNOnto Previous is four pitfalls, and after correcting it, AR-HNOnto Final has zero 

consistency pitfalls.   

5.2 Ontology Evaluation via Competency Questions 

The importance of competency questions resides in ensuring the correct performance of the ontology-based 

on the defined requirements. This section evaluates the ontology based on the competency questions 

(initially presented in section 4.1):  

 Which human need is currently active for a user? 

 What augmented reality experience can satisfy a particular need? 

 What is the current internal state of the user? 

A manual approach is followed to evaluate using the competency questions, as shown in [22]. For that 

purpose, test data for various class individuals are provided, in addition to a list for expected answers for 

the competency questions to perform the evaluation.  

 

The first step in this evaluation is to set up the test data; 17 individuals are created as follows: 

 Five User Individuals: Adam, Brad, Emma, Kareem, Maya 

 Three Context Individuals: InternalContextBalanced, InternalContextImbalanced, 

ExternalConextImbalanced 

 Four Need Individuals: SubsistenceNeed, AffectionNeed, LeisureNeed, UnderstandingNeed 

 Five AR Individuals: ARFoodService, ARHealth Service, AREntertainmentService, 

ARTransportationService, AREduationalService  

Then, by setting a total of 14 asserted facts on the individuals. The facts are random, and they 

reflect a relationship between the primary classes. Table 4 presents the test data, the asserted facts, 

and the total facts per individual.  

 

Table 4. Test Data Individuals, Asserted, and Inferred Facts 

Individual Asserted Facts No. of 

Asserted 

Facts 

No. of 

Inferred 

Facts 

Adam HasInternalState=InternalContext

Imbalanced 

3  
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HasNeed= SubsistenceNeed 

NeedActive = Active 

Brad HasInternalState=InternalContext

Balanced 

1  

Emma HasNeed= LeisureNeed 1  

Kareem    

Maya HasNeed= AffectionNeed, 

HasNeed= UnderstandingNeed 

2  

InternalContextBalanced Internal State Balanced 1 1 

InternalContextImbalanced Internal State Imbalanced 1 2 

ExternalContextImbalanced    

SubsistenceNeed NeedActive=Active 1 3 

AffectionNeed   1 

LeisureNeed IsSatisfiedBy= 

AREntertainmentService 

1 1 

UnderstandingNeed   2 

ARFoodService Satisfies = SubsistenceNeed 1  

ARHealthService Satisfies = SubsistenceNeed 1  

AREntertainmentService   1 

AREducationalService Satisfies= UnderstandingNeed 1  

ARTransportationService    

 Total 14 11 

 

The next step is to translate the competency questions into Description Logic (DL) queries to be 

executed against the ontology. Returning the Expected Answer for each of the competency questions 

indicates that the ontology meets the requirement.   

 

For DL Queries execution, the Pallet (Incremental) reasoner is used to classify the ontology. Afterward, 

running the DL queries to retrieve the results.  

Competency Question 1: Which human need is currently active for a user? 

DL Query: Need and ExpressedBy value Maya 

Expected Answer: a list of needs for a specific user 

Result:  

 

 

Competency Question 2: What augmented reality experience can satisfy a specific need? 

DL Query: AugmentedRealityExperience and Satisfies value SubsistenceNeed 

Expected Answer: a list of augmented reality services that satisfy the subsistence needs 

DL query: 

Figure 11.  Active needs query Execution in Protégé  



 

 

Result: 

 

 

Competency Question 3: What is the current internal state of the user? 

DL Query: InternalState and  ISExpressedByUser value Emma 

Expected Answer: the internal state of the user 

Result: 

6. Discussion  

Section 5 provides the evaluation of the Augmented Reality for Human Needs ontology for its correctness 

and completeness using the OOPS! Ontology Pitfall Scanner. Also presented is the evaluation of the 

ontology via the competency questions to check whether it provides answers to the queries it is meant to 

answer.  The evaluations show positive results. By using the OOPS! Ontology Pitfall Scanner, the tool 

pinpointed minor, important, and critical pitfalls that are fixed to improve the ontology. The charts in section 

5.1, which compare the AR-HN ontology to major ontologies, show that it scored well in the Structural and 

Functional dimensions. The usability dimension scan detected a high number of pitfalls caused by missing 

annotations. The completeness criteria contained many pitfalls as well. On the other hand, the consistency 

criteria returned one pitfall, which is fixed. By addressing the pitfalls, the final ontology is much improved.  

Section 5.2 presents the evaluation of competency questions. Seventeen individuals are created, and 

14 facts are declared; the Pallet (Incremental) reasoner returned 11 inferred facts. For such a small number 

of asserted facts, a total of 11 inferred facts is a promising result. The query results of the competency 

questions reflect correct inference and outcome, which proves that the ontology satisfies the related 

requirement.  

7.  Conclusion and Future work  

This research presents the conceptualization of an OWL vocabulary that defines the Augmented Reality for 

Human Needs class structure and relationships. The research details the development of the ontology-based 

on the Methontology [24] and the ontology development guide [21]. The evaluation process for the 

verification and validation of the ontology is also presented. The augmented reality for human needs 

ontology shows promising evaluation results. It provides the vocabulary and concepts of relationships for 

further development of the conceptual model. As a future work and for additional development of the 

DL query: 

DL query: 

Figure 12.  AR experience query execution in Protégé  

Figure 13. Internal state query execution in Protégé  



 

 

Augmented Reality for Human Needs ontology, the integration with a foundational ontology, to increase 

interoperability and reusability, is considered.  
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Abstract.  Augmented Reality (AR) is one of the most modern and attractive information visualization 

technologies. Despite the proliferation of AR with the spread of mobile devices, the technology is still 

limited in providing relevant and personalized experiences. This limitation inspired the idea to 

incorporate human needs in an augmented reality system to enable personalized and focused 

suggestions which is a step closer to achieving pervasiveness. The main question is: How to detect 

human needs from sensed data and provide augmented reality experiences to satisfy the needs? The 

research gives an overview of the analysis of data elements and sensor requirements for the fundamental 

human needs defined by Manfred Max-Neef; a proof-of-concept prototype that enables need detection; 

prediction of the subsistence, protection, and leisure needs from analyzed data; and recommendations 

on augmented reality experiences based on human needs. An experiment is conducted, data analysis 

and predictive modelling techniques are applied to the Context-Aware Personalization for Augmented 

Reality (CAP-AR) dataset to achieve the research objectives. A reflection on the data requirements to 

predict human needs and implications on planning and design of pervasive applications to detect and 

satisfy human needs constitutes the research results. 

Keywords: Data, Analytics, human needs, needs detection, augmented reality. 

1. Introduction

Needs fulfilment is significant in life. It’s human nature to tend to basic needs, recognize those needs, 

and act to fulfil them. This fact encouraged the study of basic human needs by many scholars, including 

Maslow [1], Max-Neef [2], Doyal and Gough [3], and Ryan and Deci [4]. Incorporating human needs 

fulfilment in computing to create systems that detect needs and assist in their satisfaction is a step closer to 

achieving a pervasive environment, which is the motive behind this research. Human needs detection is 

done by utilizing sensors to sense a human presence and his/her needs. Different sensors can be used to 

collect data that support the attainment of goals for health and well-being  [5], marketing, or entertainment 

[6]. Human needs fulfilment in computing systems is a concept studied before [7] [8][9]. However, the 

focus to detect those needs from collected data and satisfy them with pervasive technology still requires 

research.  Therefore, this research aims to present data analysis of an augmented reality (AR) concept that 

collects individual-related data, analyses it to detect basic human needs of subsistence, protection, and 

leisure from the fundamental human needs theory by Manfred Max-Neef, and deliver personalized AR 

experiences to satisfy those needs. This research’s main focus is: How to detect human needs from sensed 

data and provide augmented reality experiences to satisfy the needs?     

An ideal AR system that detects and responds to human needs comprises several modules: a user 

interface, internal and external state modules, a need recognition module, a recommendation engine, and 

an augmented reality interface [10].  

The paper proceeds as follows, section 2 presents the related works, section 3 is the theoretical 

foundation, section 4 provides the conceptualization of the problem, and Section 5 explains the experiment 

design and results. The experiment follows the guidelines of Pfleeger [11] on experimental design and 

analysis in software engineering. The paper concludes with section 6, a discussion, and in section 7 the 

conclusions. 



 

 

2. Related Works 

The study of human needs belongs to the field of psychology. Linking it to the virtual world is an effort to 

reach pervasive computing. The ability to detect and understand individual needs in different situations and 

provide appropriate assistance is an essential aspect of pervasiveness in computing  [12]. Many scholars 

have studied human needs, including Maslow  [1], Max-Neef  [2], Doyal & Gough  [3], and Ryan & Deci  

[4], and the proposed models of human needs go beyond homeostasis and range from physiological to 

psychological needs. Researchers have also explored human needs from a computer science perspective to 

answer questions such as: 

• Requirement elicitation: What does a user require from a system? [13]. 

• Information retrieval: How can a system find out relevant information to act according to human needs? 

[14].  

• Needs discovery: Is it possible to identify user needs from social media data?  [15]. 

From the perspective of pervasive computing, this research suggests the questions: 

• Is it possible to sense human needs? 

• Are computing systems capable of detecting, interpreting, and satisfying human needs? 

Forming a bridge between psychology and technology, studies have examined issues related to: 

• The psychological implications of technology [16] [17] [18] [19]. 

• Motives leading to the use of technology  [20] [21]. 

• Stimuli and emotional responses in an information technology context  [22].  

However, research that focuses on human needs detection specifically in a computer technology context 

has yet to be presented. 

3. Theoretical Foundation  

The aim is to test a human needs-based AR concept that realizes the hypothesis: “With advancing 

sensor technology, basic human needs are viable triggers for augmented reality experiences.”  

3.1 Triggers 

There are three primary triggers of needs in humans [23]: 

• Homeostasis Imbalance: is the internal state that reflects a fault in the body processes resulting 

in a rise of a basic human need, such as thirst and hunger.  

• Incentive: is an external positive or negative environmental stimulus that motivates a person, such 

as the sight of cold lemonade on a hot day.  

• Stimulation: is an activity that causes excitement or pleasure, for example, excitement about 

mountain climbing. 

These triggers form methods to detect human needs and use them as triggers for AR experiences.  

Detecting and correcting a homeostasis imbalance is a natural process in the human body; a simplified 

depiction of the process is in Figure 1. The homeostasis regulation system has five main components [24]: 

a sensor that measures the variable value, a set point which is a mechanism that sets the acceptable range 

for the variable, a detector that checks the measured value against the set-point range, and detects errors, a 

controller that catches the error signal and regulates the work of the effector, and effectors which set the 

value of the regulated variable. This homeostasis regulation system can be replicated in a software system 

to detect the imbalances that reflect human needs.  This concept is further discussed in section 3.3. Several 

homeostasis imbalances occur in the human body, and various organs are responsible for regulating the 

imbalances and maintaining homeostasis [25]. The inability to maintain homeostasis results in the 



 

 

development of a disease. Homeostasis may be affected by internal and external factors. Homeostatic 

imbalances include dehydration, low blood glucose, high temperature, and many more. 

Fig. 1. A Simplified representation of homeostasis regulation system [24] 

  

3.2 Human Needs Model  

Max-Neef’s matrix of fundamental human needs (FHN) is used as a guide from which the basic needs 

are derived and analysed [2]. The FHN matrix is chosen in this research because it is proof-tested in 

participatory workshops in different cultures and countries. Also, the matrix provides individual and 

collective attributes encompassing all elements in other needs models [26].  Max-Neef’s matrix (Table 1) 

has nine basic needs (subsistence, protection, affection, understanding, participation, leisure, creation, 

identity, and freedom). Each of the nine needs has four existential categories (being, having, doing, and 

interacting). The cells at the intersection of the two categories represent possible satisfiers of the various 

needs.  

Table 1.  A Section of Max-Neef’s Matrix of Fundamental Human Needs  [2] 

Needs 

according to 

axiological 

categories 

Needs according to existential categories 

 Being Having Doing Interacting 

Subsistence 1/ Physical health, 
mental health,  

2/ Food, shelter, 
work 

3/ Feed, procreate, 
rest, work 

4/ Living environment, 
social setting 

Protection 5/Care, 

adaptability, 
autonomy 

6/ insurance, 

savings, work,   

7/ prevent, plan, 

care, cure, help 

8/Living space, social 

environment,  

Affection 9/ Self-esteem, 

solidarity, respect  

10/ Friendship, 

family 

11/ Caress, 

express emotions  

12/ Privacy, intimacy, 

home 

Understanding 13/ Critical 
conscience, 

curiosity, 

receptiveness 

14/ Literature, 
teachers, method, 

educational policies 

15/ Investigate, 
study, experiment, 

educate, analyze 

16/ Settings of 
formative interaction, 

schools, universities 

Linking the three primary needs triggers with the existential categories from Max-Neef’s Matrix (Figure 

2), it is noticeable that the Being category depends on the internal states and personality traits of the user. 

Detecting the Being needs is related to profile information and homeostasis values. The Having category is 

connected to external factors that resemble existing objects, consumer goods, systems, and services. The 

Doing category is concerned with personal activity. Finally, the interacting category relates to settings of 

interaction and proximity with others. 

The following sections analyse each human need to determine possible triggers.   

Subsistence includes hunger, thirst, the need for health, and shelter. (1) There is a homeostatic imbalance 

triggering a need. (2) There is a regular habit or activity done at a specific time. (3) There is an external 

incentive that excites the user to do something. 

Protection is related to guarding against external factors. There are two types of protective measures: 

collective measures, which aim to protect everyone in a group, and individual measures to protect the  

 



 

 

Fig. 2. Existential categories with possible types of triggers 

 

individual  [27]. The focus is on personal protective measures.   This need relies heavily on the situation in 

which the persona must be protected. Therefore, to detect the protection need, the external context must be 

considered. The first step is to define the context in which the individual needs protection, whether it is the 

work environment, home, or outer recreational spaces. Then comes the definition of protective measures, 

which help to define the triggers (Table 2).  
Table 2. Protection needs’ triggers 

Context Protective measures example Triggers 

A Pandemic  Avoid crowded places  Proximity to others for more than a certain time  

A Sand storm  Stay inside a building  Exiting a predefined geofence  

 

Affection is concerned with relationships and the feelings associated with them. This need depends on 

personal traits that make a person affectionate and external elements and persons, including family 

members, friends, and partners.  Therefore, it depends on internal and external factors.  Possible triggers 

for the affection need include: low levels of oxytocin hormone, no proximity to other individuals for a long 

time, and triggered emotions [28].   

Understanding enables an individual to have the knowledge and to understand the world around them. 

The need for understanding involves the personal ability to understand, educational systems, policies, and 

interaction settings such as schools, universities, academic groups, and families [29]. The understanding 

need depends on internal factors and external environments. Generally, the need for understanding or 

education is perceived from education in profile information or triggered by daily activity such as reading  

[30] and location information such as going to the university or visiting a library.  

Participation is the human’s ability to play a part in group activities, to participate and contribute. It 

requires an individual to possess specific skills and requires settings enabling participation. The 

participation is triggered by the activity in social media platforms or proximity sensors for gatherings.  

Leisure is fulfiled by entertainment, playing games, and having fun. Leisure is essential in maintaining a 

healthy and happy life. Engaging in leisure activities results in lower heart rate, better mood, and lower 

stress levels  [31].  The leisure need is triggered by the observation of high heart rate and high levels of 

stress.  

Creation is concerned with creativity, abilities, and developing skills. It is fulfiled by working, designing, 

and the productivity associated with skills. Creation is detected from external factors, building a connection 

between skills from profile information and daily activities.  

Identity is related to the image one holds and how it is reflected in society. Recognition of the identity need 

is a complex task. It might, for example, be triggered by the change in individual status in social media 

platforms. Recognizing negative or positive expressions is a direct indication of a need  [32]  [33]. 

Freedom need is simple to detect if focusing only on location information; if a person does not change 

their location for a long time, it might indicate a forced or self-imposed lack of freedom. It is also possible 

to detect a lack of freedom by connecting sensed emotions to specific locations, such as the workplace, 

family, or political situation of the country. The freedom need triggers include a fixed location for a long 

time and recognized negative emotions about a specific location.  
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3.3 Connecting Needs to Sensors 

   Detecting human needs requires a set of sensors and technologies. Table 3 connects basic human needs 

with possible triggers and sensors, while Figure 3 presents the elements and real-time analysis platforms 

required to develop the proposed system. The main components in the proposed system are the data sources 

which include user input in a user profile and feedback, context data, and wearable and biosensor data 

sources. All these sources aid in developing the overall status and human needs of the persona. The second 

component is databases to store all the collected data. The real-time analysis platform analyses data to 

detect needs and recommend appropriate AR Experiences. 

Table 3. Needs and related sensors 

Need  Definition Context 

Type 

Possible Need  Source of  

trigger/ Stimuli 

Technology / Sensors 

Example 

Subsistence Maintain and 

support oneself 

Internal 

External  

Hunger  

Health 

Thirst 
Shelter  

Low blood 

glucose  

Ghrelin 
hormone  

Dehydration 

Diabetes SENTRY  [34] 

Continuous  

Contact lens for tear sugar  
[35] 

Protection Guarding against 

damage from 
external factors  

External  Against infection Location, 

Crowdedness  

Proximity 

Affection Liking and caring 

for someone else 

Internal/ 

External  

partnership Proximity  

Low Oxytocin  

Proximity sensor  

Emotion sensors  
Oxytocin sensor  [36] 

Understanding Comprehending 

and acquiring 

knowledge  

Internal / 

External 

Education  Profile 

information  

Location awareness 

wearable 

electrooculographic 

(EOG)  

Participation Taking part in 

something  

External  Cooperation with 

others  

Activity  Proximity sensor 

Emotion Sensor  

Leisure  Experience in free 

time 

Internal / 

External 

Entertainment  Heartrate 

Blood pressure 
Hormones 

Cortisol tracker Corti-

watch  [37] 

Creation Creativity and 

creation in work 

External Creative work   Activities Profile info.  

Activity recognition  

Identity Distinguishing 

character / 
personality [38] 

Internal / 

External  

Self-image  Status 

expressions  

Profile Info.  

Interaction data  

Freedom The ability to move 
to different places  

Internal/ 
External  

Freedom in the 
workplace, 

relationships, or 

merely the place 

No change in 
location for a 

long time  

Feeling 
restrained or 

trapped  [39] 

Emotion Sensors 
Location awareness  

 

Fig. 3. Components of the AR system 



 

 

4. Proof of Concept Prototype 

The experiment focuses on three basic needs from Max-Neef’s model, subsistence, protection, and leisure. 

While all human needs are important and relevant, the focus is on these needs due to the currently available 

sensors and the ease of detecting those needs.  

The design and application of this experiment expect to answer two main questions: 

(A) How to detect human needs from collected data?  

(B) How to recommend AR experiences to satisfy needs?  

The prototype components (Figure 4) consist of sensors collecting data from the individual and the 

environment, a database to store the collected data, processing logic and a data analysis process to turn the 

data into useful information, a recommendation process, and an AR experience and display. Table 4 

presents the tasks in prototype development, the goal of each task, and the tools used to achieve them.  

Fig. 4. Proof-of-Concept Prototype 

 
Table 4. Goals and tools for prototype development 

Module/ Task   Goal  Tool  

User Profile  Collect information about persona Survey and Questionnaire  

Context Data Collection  Collect context and environmental 

data  

Smartphone, MetricWire 

https://metricwire.com/ 

Personal Data Collection  Collect health and biodata  Smartphone – Fitbit - Biosensors 

Analyze data 

Recognize Need  

Analyses of the data for need 

recognition. 

RapidMiner: https://rapidminer.com/ 

Camunda DMN Simulator 

https://consulting.camunda.com/dmn

-simulator/ 

Trigger AR experience  From several pre-created AR 

experiences, trigger the experience 

based on the detected need.  

AWE: https://awe.media/ 

ROAR: https://www.theroar.io/ 

Collect feedback  Collect feedback on the 

appropriateness of the AR 

experience and its ability to satisfy a 

need.  

ESM Tool (ExpiWell) 

Survey Planet 

4.1 Testing  

 Three scenarios are selected to prove the feasibility of the suggested proof of concept prototype. The 

scenarios correspond to Max-Neef’s model and include elements and data that have existing sensors. The 

first scenario aids in satisfying the subsistence need, hunger, the second scenario is to fulfil the protection 

need, and the third scenario is concerned with the need for leisure. 



 

 

Scenario I 

The first scenario is for the subsistence need hunger. Following the explanation in section 3, the possible 

situations for detecting hunger: (1) A homeostatic imbalance leads to a need for food translated into either 

low blood sugar or ghrelin secretion. (2) There is a regular habit or activity of eating at a specific time. (3) 

There is an external incentive that excites the individual to have food. 

To capture the homeostatic imbalance, the triggers of low blood glucose levels and the ghrelin hormone 

release over a specific time must be captured, which requires using special sensors. While there are more 

complex conditions related to hunger, such as emotional/stress eating and abnormal behaviour, these 

complex situations are out of this research scope. The second case entails tracking user activity and 

detecting eating habits. After recording several eating instances, a particular eating context (location, time, 

day) is established as a trigger for the AR experience. The third case is related to external incentives, which 

is translated into being in a location having restaurants or an event that provides food services. Context-

awareness is vital in the third case.   

Scenario II 

One example of the protection need is the current COVID-19 case. To protect individuals in this situation 

requires the definition of context, protective measures, and triggers. As explained in section 3, protection 

is a need that is affected by external factors. Therefore, two cases apply: (1) A habit of going to certain 

places every day such as work (2) An external incentive such as crowdedness that requires protection 

measures  

The context in this scenario is the COVID-19 pandemic. The protective measures include wearing a 

mask in public places, cleaning hands, and keeping a safe distance [40]. Capturing the need is possible 

through location and proximity sensors or a face recognition system to detect face masks. Therefore, the 

scenario involves an individual outside his home and the steps to detect the protection need and recommend 

helpful advice.  

Scenario III   

The third scenario is the need for leisure. Engaging in leisure activities lowers the stress level, heart rate 

and improves the mood. This case is about an individual’s regular working day. The increase in cortisol 

level over an extended time should trigger the need for leisure.   

4.2 Data Preparation 

The experiment uses the Context-Aware Personalization for Augmented Reality (CAP-AR) dataset  [41]. 

The dataset is collected from 15 participants over 30 days, and it includes demographics, daily context, 

needs information with 35 attributes, and 1149 instances.  

The demographic data include name, age, gender, marital status, education, employment status, hobbies, 

and interests. Alternatively, the context data have the date, weekday, health status, physical activity, 

emotion, and mood. At the time of data collection, the MetricWire platform had no available biosensors for 

detecting homeostatic imbalances. In an ideal situation to support needs detection, additional data attributes 

are required.  The experiment complements the dataset by generating test data for the missing fields (Table 

5).  Scenario I requires attributes related to homeostatic imbalance and incentives; the activity field is 

already present in the dataset.  The protection need requires a different set of data fields. Protection focuses 

on external factors. 
Table 5. Fields required for needs detection 

Need Case Data Fields Field Available 

in the dataset  

Subsistence - 

Hunger 

Homeostatic Imbalance Blood glucose level, ghrelin level No 

Habits   Activity Yes  

Incentive  Location, event recognition Yes 

Protection  Habits Location, Health Yes 

Incentive  Location, proximity  Yes 

Leisure  Homeostatic Imbalance Cortisol level No 

Habits Emotion, mood, stress  Yes 

Incentive Location  Yes 

 



 

 

4.3 Analysis 

After an extensive study of available tools and technology, the Rapid Miner is used for data mining and 

analysis. The process for experimenting includes:  

(1) Collect and process sensor data (2) Examine the dataset attributes for scenario-relevant data fields. (3) 

When some attributes are missing, generate test data fields (4) Run data mining algorithms on the dataset 

to detect needs (5) Apply recommendation algorithms to suggest appropriate AR experience: does the AR 

experience choice match the human need requirement in real-time? (6) Demonstrate the results.   

5. Results  

5.1 Human Needs Based on Homeostatic Imbalances 

Homeostatic imbalances in collected sensor data require specific rules to be identified as human needs. 

These rules recognize sensor readings according to different scenarios and act on the occurrence of 

imbalance. A rules engine platform named Camunda is used to achieve the first part of the analysis. The 

rule engine uses a Decision Model and Notation (DMN) standard. DMN allows the definition of simple 

and composite rules to decide on a condition.  Figure 5 shows a set of simple “when ...then” rules to decide 

on the individual condition based on glucose levels. When a glucose reading is received, it is checked 

against the DMN table to decide the correct message and the correct AR experience to display. 

Fig. 5. DMN for Subsistence need from glucose levels 

5.2 Human Needs Based on Habits 

The habits correspond to the stimulation trigger using predictive algorithms to predict needs. The measures 

used are accuracy, precision, and recall. To demonstrate the process, the test uses a decision tree algorithm 

for its effectiveness. First, to detect the subsistence need for food, the process used the CAP-AR dataset 

with the attributes: user id, weekday, time of the day, location, activity, interaction with others, and the 

stated needs with a focus on the “Eat / Drink” need. Data is split 70% training and 30% test data split 

resulted in an accuracy of 50.43 %. The precision of the predicted eat/drink class is 46.99%, and the recall 

is 50.65%. As for the protection need, the same attributes as subsistence need are considered in addition to 

health attributes and the higher-level need “security (safe environment)”.  Applying a decision tree 

predictive model with a 60% training and 40% test data split resulted in an accuracy of 63.83 %. The 

precision of the predicted security class is 83.72%, and the recall is 80%. 

Predicting the leisure need required adding more attributes from the original dataset, such as emotion, 

mood, stress, and specify the need “Do recreation activities” (Figure 6). Applying the decision tree 



 

 

algorithm to the dataset subset resulted in an accuracy of 45.97% with a precision of 47.37% and recall of 

24.32%. Table 6 presents the summary of the experiment results. 

Fig. 6. A subset of the dataset used for leisure need detection (includes attributes for subsistence, and protection as well) 

Table 6. Human needs according to habits results 

Human need  Detected need in the 

dataset 

Algorithm Accuracy Precision Recall 

Subsistence Eat / Drink  Decision Tree 50.43% 46.99% 50.65% 

Protection Security  

(Safe Environment) 

Decision Tree 63.83% 83.72% 

 

80.00% 

 

Leisure  Do Recreation Activities Decision Tree 45.97% 47.37% 24.32% 

5.3 AR Experiences Recommendations 

A recommendation process is developed to provide personalized AR experiences to the individual.  The 

recommendation usually depends on the user’s explicit information (e.g., ratings) or implicit information 

collected from user interaction history [42]. The collaborative filtering method  [43] is based on a user’s 

context, ratings, and interaction information; therefore, it fits the problem presented in this research. In this 

example, we use the K- nearest neighbour algorithm (Figure 7).   

Fig. 7. Recommendation Process developed with RapidMiner 

5.4 Needs-Based Augmented Reality Development Guidelines   

This section provides the resultant artefact of this study, guidelines. It recommends specific steps to follow 

to create a needs-based AR application. The guidelines are:  

1. Decide on the need you plan to satisfy with the AR experience.  

2. Determine needs specific elements and requirements (context, personas, type) 

3. Select the trigger (homeostasis imbalance, habits, or incentives). 

4. Develop the AR experience with multiple options and preferences for that particular need. 

5. Based on the need and trigger, select the appropriate sensors required to collect data. 

6. Collect data and build a user profile and database. 

7. Decide and develop the analysis mechanism (a rule engine, predictive algorithms) 

8. Apply a recommendation process to select the AR experience specific to an individual’s preferences.     

9. Design a feedback collection method to improve recommendations  

This guideline may be generalized to all needs in the fundamental human needs matrix beyond the basic 

needs tested in this study. 



 

 

6. Discussion 

It is noted that specific data attributes are essential in the dataset to detect needs from homeostatic 

imbalances. These attributes require unique biosensors which are not available in the data collection 

platform used. The effects of ghrelin and insulin, stress, and habits on hunger are well established. Similar 

is the relation between the stress hormone cortisol and the need for leisure. The aim is not to prove these 

relations again but rather to enable the detection of needs and the presentation of personalized AR 

experiences. The integration of sensor technology shall solve this issue in the future. 

For concept demonstration purposes, the dataset is used collectively, it is not divided by personal records 

to predict needs and recommend AR experiences. This is due to the limited records in each need category 

per person leading to the cold start problem. As the number of records grows, needs and recommendations 

should be persona-specific.  In the results of predicting the subsistence need hunger, the accuracy is slightly 

low; this is a result of the relatively small number of records (1146) for this human need. The accuracy of 

leisure need prediction is even lower because only 56 records in the dataset reflect this need. A more 

significant number of records will improve the subsistence and leisure prediction performance. For new 

individuals, it requires more time to establish a database fit for prediction. The collaborative filtering 

method used for recommendation also suffers from the cold start problem. The proposed guidelines in 

section 5.4 provide a systematic process to develop augmented reality applications that detect and satisfy 

human needs. 

It is essential to note that the transfer from sensor data to processed and meaningful information is not 

always straightforward. For example, changing a specific coordinate to “Favourite Restaurant” requires 

either constant monitoring and proper logic, access to a database linking address with personal information, 

or mere feedback from the individual that this location is “Favourite Restaurant.” This example applies to 

many other sensor data.  The demographic and context data are necessary for the recommendation process.   

7. Conclusions  

Recognizing human needs from sensor and user data is the focus of this research. With a plan to display 

appropriate AR experiences, this study aims to increase pervasiveness. The main contributions of this 

research are analyses of fundamental human needs to find possible ways to detect them, a proof-of-concept 

prototype to test the hypothesis, a description of the testing process, and the final needs-based AR 

development guidelines.  Basic human needs are triggered by homeostatic imbalances, habits, or incentives. 

The needs based on homeostatic imbalances are easier to detect with appropriate biosensors. An 

individual’s habits require prediction algorithms to detect needs. The cold start problem must be considered 

for prediction; a large number of records are better for accurate results. 

Incentives depend on external factors triggering needs. These external factors are dependent on context, 

social, or environmental settings. In the described scenarios, detecting needs requires receiving external 

incentives and matching them with appropriate needs. This involves the utilization of the internet of things 

IoT technology and push notifications. Detecting needs from external incentives is a future research 

possibility. Also, with future research, the goal is to test the prototype with participants to validate the 

choice of AR Experiences.  
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Abstract: Augmented Reality aims to enhance the real world with computer-

generated information. AR technology is both attractive and promising. Current 

AR experiences depend on external elements to launch, such as markers, images, 

and location. For an AR experience to be more personalized, this research 

proposes a scheme to trigger AR experiences based on human needs. This 

approach should enable capturing human needs, analyzing them to select the 

most suited experiences that fulfill or aids in fulfilling needs. The contribution of 

this paper includes (1) a study of current AR technologies and triggers, (2) an 

analysis of human needs into measurable elements (3) a description of a needs-

based AR application process with a demonstration of the process guidelines. The 

research presents a prototype case study of a restaurant that satisfies the 

subsistence need of hunger. The results show the effectiveness of the guidelines 

in detecting human needs and recommending AR experiences, however, 

producing correct predictions and recommendations requires a well-established 

dataset.   

Keywords: conceptual model; augmented reality; human needs; experience 

trigger  

1. Introduction

 ɯ ÊÓÈÚÚÐÊÈÓɯ ÚÜÙÝÌàɯ ÖÕɯ ÈÜÎÔÌÕÛÌËɯ ÙÌÈÓÐÛàɯ ȹ 1Ⱥɯ ËÌÚÊÙÐÉÌÚɯ ÐÛɯ Ɂ 1

supplements reality rather than completely replacing itȭɂ [1] 

Augmented Reality (AR) is a technology that enhances a real 

environment with computer-generated information using different 

sensory modalities, including visual, auditory, haptic, and olfactory. AR 

ÈÐÔÚɯ ÛÖɯ ÚÐÔ×ÓÐÍàɯ ÜÚÌÙÚɀɯ ÓÐÝÌÚɯ Éàɯ ÉÙÐÕÎÐÕÎɯ ÝÐÙÛÜÈÓɯ ÐÕÍÖÙÔÈÛÐÖÕɯ ÛÖɯ ÛÏÌÐÙɯ

attention [2].  An Augmented Reality (AR) system embodies the 

following properties [3]: 

Enhances real environments by adding virtual objects.  

Works in real-time and provides interactivity. 

Provides the correct placement of virtual objects within the environment.  

AR has many application areas such as education and learning [4], 

entertainment and gaming [5], food and beverage industry [6], health 

care [7],  manufacturing [8], museums [9],  space exploration [10], and 

tourism [11].  

The study of augmented Reality incorporates many computing areas 

such as tracking, interaction, display, mobile AR, authoring, 

visualization, calibration, and rendering [12].   AR literature focuses on 
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the development of the technology components; however, little attention 

is devoted to examining personalized experiences.  This research aims to 

enrich augmented reality paradigms by developing a novel AR 

Ìß×ÌÙÐÌÕÊÌɯ ÛÙÐÎÎÌÙȯɯ ɯ-ÌÌËɀÚɯ ÛÙÐÎÎÌÙȭɯ ɯ#ÌÚ×ÐÛÌɯ ÛÏÌɯ ÐÔ×ÖÙÛÈÕÊÌɯÖÍɯÕÌÌËÚɯ

and their satisfaction in human life, there is still a shortage of 

incorporating human needs in information systems and tools [13]. 

Augmented Reality is a growing field that may benefit from the 

utilization of human needs. Similar to the present location, markers, and 

image recognition triggers, a basic human need may be utilized to 

activate a more personalized experience.  

This research makes several contributions (1) study augmented 

reality classifications and triggers, (2) analyze human needs and transfer 

them into sensible data elements (3) present the human needs trigger 

framework and guidelines for augmented reality. 

 The following sections discuss the state-of-the-art in the different 

types of AR. Provide a discussion of the proposed framework and 

guidelines. Finally, demonstrates and discusses the use of this approach 

for creating needs-based AR experiences. 

2. Background 

Augmentation is described in previous literature according to 

human senses [14]; there is visual, auditory, and tactile augmentation. 

Each of these is utilized for a particular goal and requires different 

hardware.  This section presents a literature study on AR.  

 

2.1 Technologies in Augmented Reality 

It is essential to understand the general process in an AR system, to 

realize where each of the technologies fits and how they function 

together.  This section provides definitions for the various topics and 

technologies supporting the AR process (Figure.1).  The components in a 

vision-based AR process include: 

• Image acquisition device: this device, usually a camera, 

captures the marker or object to be recognized.  

• Computing and storage device: the component responsible 

for processing the gathered input and producing the correct 

output. 

• Tracking and location technology: tracks the user position, 

view direction, and motion to decide on the virtual object to 

display. 

• User interaction technology: the interface that captures the 

user input. 

• Virtual object database: a database that includes relevant 

virtual objects.  

• Virtual-real fusion technology: combines the virtual objects 

and real environment to ensure correct occlusion, shadows, 

and illumination.   



 

 

• System display technology: the display technology presents 

the augmented information integrated with the real 

environment. The display technology depends on the type 

of AR system, visual, auditory, haptic, etc.  

 The general process starts by acquiring an image from the real 

world and sending it to computing and storage devices. This image and 

user interaction gestures are sent to the tracking technology, which 

ËÌÊÐËÌÚɯÞÏÈÛɯÝÐÙÛÜÈÓɯÐÕÍÖÙÔÈÛÐÖÕɯÛÖɯËÐÚ×ÓÈàɯÉÈÚÌËɯÖÕɯÛÏÌɯÜÚÌÙɀÚɯ×ÖÚÐÛÐÖÕȮɯ

viewing direction, and state of motion. The virtual information is 

retrieved from the virtual objects database and sent to the fusion 

technology that ensures proper object registration in the real world. The 

virtual information is then displayed using the display technology  [15].  

Table 1 provides definitions for the core AR technologies that remain 

popular research topics: tracking, interaction and user interfaces, 

calibration and registration, display techniques, and AR applications  

[16].  

Table 1. Core Augmented Reality Technologies and Techniques [16] 

Core AR Technology Definition 

Tracking techniques Ɂ,ÌÛÏÖËÚɯÖÍɯÛÙÈÊÒÐÕÎɯÈɯÛÈÙÎÌÛɯÖÉÑÌÊÛɤÌÕÝÐÙÖÕÔÌÕÛɯÝÐÈɯ

ÊÈÔÌÙÈÚɯÈÕËɯÚÌÕÚÖÙÚȮɯÈÕËɯÌÚÛÐÔÈÛÐÕÎɯÝÐÌÞ×ÖÐÕÛɯ×ÖÚÌÚȭɂ 

Interaction techniques and 

user interfaces  

Ɂ3ÌÊÏÕÐØÜÌÚɯÈÕËɯÐÕÛÌÙÍÈÊÌÚɯÍÖÙɯÐÕÛÌÙÈÊÛÐÕÎɯÞÐÛÏɯÝÐÙÛÜÈÓɯ

ÊÖÕÛÌÕÛȭɂ 

Calibration and  

registration 

Ɂ&ÌÖÔÌÛÙÐÊɯÖÙɯ×ÏÖÛÖÔÌÛÙÐÊɯÊÈÓÐÉÙÈÛÐÖÕɯÔÌÛÏÖËÚȮɯÈÕËɯ

ÔÌÛÏÖËɯÛÖɯÈÓÐÎÕɯÔÜÓÛÐ×ÓÌɯÊÖÖÙËÐÕÈÛÌɯÍÙÈÔÌÚȭɂ 

Display techniques Ɂ#ÐÚ×ÓÈàɯÏÈÙËÞÈÙÌɯÛÖɯ×ÙÌÚÌÕÛɯÝÐÙÛÜÈÓɯÊÖÕÛÌÕÛɯÐÕɯ 1Ȯɯ

including head-ÞÖÙÕȮɯÏÈÕËÏÌÓËȮɯÈÕËɯ×ÙÖÑÌÊÛÌËɯËÐÚ×ÓÈàÚȭɂ 

AR applications Ɂ 1ɯÚàÚÛÌÔÚɯÐÕɯÈ××ÓÐÊÈÛÐÖÕɯËÖÔÈÐÕÚɯÚÜÊÏɯÈÚɯÔÌËÐÊÐÕÌȮɯ

ÔÈÕÜÍÈÊÛÜÙÐÕÎȮɯÖÙɯÔÐÓÐÛÈÙàȮɯÈÔÖÕÎɯÖÛÏÌÙÚȭɂ 

 

While Table 1 describes the core AR technologies in a general 

manner, these technologies differ with the type of AR utilized. For 

example, the tracking techniques for vision-based AR uses a camera to 

Figure 1. General Process in an Augmented Reality system [15] 



 

 

identify markers, while the tracking techniques for auditory AR uses 

acoustic tracking systems that analysis sound waves  [17].  

2.2 Classification of Augmented Reality 

There are different types of AR systems and apps depending on the 

concepts and technology. The classification of these types is not unified; 

different research papers classify the types differently. Edwards-Stewart, 

Hoyt, and Reger  [18] describe six types of AR under two main categories: 

triggered and view-based augmentation. The triggered AR technologies 

include marker-based AR, location-based AR, dynamic augmentation, 

and complex augmentation. The view-based augmentation includes 

Indirect and non-specific digital augmentations. Table 2 describes the 

classification mentioned above.  

 

Table 2. Classification of Augmented Reality Types [18] 

Category Type Brief Example 

Triggered Marker-Based Triggered by a marker:  

Paper (image) 

Physical object  

Museum displays 

 Location-Based Triggered by GPS location Monocle Restaurant 

information 

 Dynamic Augmentation Responsive to object 

changes 

Digitally trying clothes 

and accessories with 

shopping apps 

 Complex Augmentation A combination of the 

above  

Dynamic view with 

digital information 

from the internet  

View-Based Indirect Augmentation Intelligent augmentation 

of a static view 

Taking a picture and 

changing the wall color 

 Non-Specific digital 

Augmentation 

Augmentation of a  

dynamic view  

Augmentation in  

mobile games 

 

Other classifications divide AR into marker-based, marker-less, 

outlining AR, and superimposition AR. The marker-based type of AR 

depends on a marker that, when scanned by a camera, triggers an AR 

experience. The marker may be an image, a fiducial marker (Figure2), or 

a physical object. 

 

 

Figure 2. Fiducial Marker 



 

 

 

Marker Less AR does not require markers; it uses other triggers such 

as location-based AR. The projection-based AR is also marker-less and 

ÞÖÙÒÚɯ Éàɯ ×ÙÖÑÌÊÛÐÕÎɯ ËÐÎÐÛÈÓɯ ÐÕÍÖÙÔÈÛÐÖÕɯ ÖÕɯ ÖÉÑÌÊÛÚɯ ÐÕɯ ÛÏÌɯ ÜÚÌÙɀÚɯ

environment.  Outlining AR uses the special abilities of cameras in 

recognizing objects in conditions that may be difficult to recognize for the 

eyes and provide guidance in the form of outlines on objects. 

Superimposition AR recognizes objects and superimposes virtual 

information on them. It includes face filters as done by Instagram and 

Snapchat.  

AR spans beyond the visual augmentations to include the natural 

senses of hearing, touch, taste, and smell forming the auditory, haptic, 

gustatory, and olfaction AR systems respectively. This variety in AR 

systems constitutes another classification based on the senses.  

Auditory AR is the second common class after visual AR. It embeds 

ÈÜËÐÛÖÙàɯÊÖÕÛÌÕÛɯÐÕÛÖɯÈɯÜÚÌÙɀÚɯÈÊÖÜÚÛÐÊɯÌÕÝÐÙÖÕÔÌÕÛȭɯɯ(ÕɯÔÈÕàɯÊÈÚÌÚɯÚÖÜÕËɯ

is integrated with visual AR to enhance it, while in others it is used as the 

main augmentation to support visually impaired individuals  [19].  

'È×ÛÐÊɯ 1ɯÐÚɯÈÕɯÜÕËÌÙÌß×ÓÖÙÌËɯÛà×ÌɯÖÍɯ 1ȮɯÐÛɯɁÌÕÈÉÓÌÚɯÛÏÌɯÜÚÌÙɯÛÖɯ

ÍÌÌÓɯÈɯ ÙÌÈÓɯ ÌÕÝÐÙÖÕÔÌÕÛɯÈÜÎÔÌÕÛÌËɯÞÐÛÏɯ ÚàÕÛÏÌÛÐÊɯÏÈ×ÛÐÊɯ ÚÛÐÔÜÓÐɂɯ ȻƖƔȼȭɯ

Jeon and Choi  [20] provide a comparison between visual and haptic AR 

as shown in Table 3.  

Table 3. Computational Procedures of Visual and Haptic AR  [20] 

Procedure Visual AR Haptic AR 

Sensing a real  

environment 

Captures real information 

needed for visual augmentation  

Senses real information needed 

for haptic augmentation  

Sensor examples Camera, range finder, tracker  Position encoder, accelerometer, 

force sensor, thermometer 

Constructing stimuli 

for augmentation 

1. Real-virtual registration 

2. Overlay of virtual object on 

the real scene 

1. Contact detection between 

the tool and a real object 

2. Modulation of real haptic 

stimuli  

Displaying  

augmented stimuli 

Uses a visual display  Uses a haptic display 

Display examples Head mounted display, 

projector, mobile phone 

Force-feedback interface, tactile 

display, thermal display  

 

 

On the other hand, gustatory AR is related to the sense of taste and 

is concerned with embedding gustatory information into human 

computer interaction  [21]. This type of AR research is limited because of 

its complexity since the sense of taste depends on different factors 

including vision, olfaction and memories [21].  

An olfaction AR system focuses on the sense of smell and has an 

olfactory display to produce odor in a gaseous or liquid state to the user  

[22].  

 

 



 

 

2.3 Review of Exiting Platforms 

This section provides a summary of prominent AR platforms. These 

platforms offer complete visual AR-experience creation capabilities.  The 

focus is on how the different experiences are triggered. Table 4 

summarizes the types of experiences and triggers of the prominent AR 

platforms, AWE (Augmented Web Experiences), Zap Works, BlippAR, 

Spark AR, Wikitude, and Unity AR.  

 

Table 4. Comparison of AR platforms with types and triggers  

 

As clear from the summary above, marker-based AR is the most 

used type with image and object recognition. While most platforms 

enable generic experience creation, some offer face tracking, location-

based, and context-aware capabilities allowing for customized 

experiences.  

2.4 Triggers 

From the previous sections, we observe the variety of AR triggers. 

3ÙÐÎÎÌÙÚɯ ÐÕɯ 1ɯÈÙÌɯɁÚÛÐÔÜÓÐɯÖÙɯÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɯ ÛÏÈÛɯÐÕÐÛÐÈÛÌɯÖÙɯÛÙÐÎÎÌÙɯÛÏÌɯ

ÈÜÎÔÌÕÛÈÛÐÖÕɂɯ[18]. Currently, the top starters of an AR experience are 

markers, images, physical objects, scene recognition, movement, location, 

and sometimes the choice to load an experience. In some instances, an 

experience may be initiated by multiple separate triggers  [23].  

In the future, it is expected that more advanced forms of triggers will 

be utilized in augmented reality, such as sound, temperature, smell, voice 

recognition, and gesture  [23].  

 

 

 

Platform 
Publish Application  

or Web-Based 

SDK Types of  

Experiences 

Experience Trigger, 

AR-type 

AWE Media Studio 

https://awe.media/ 

Web  No Image, spatial, 

face tracking, GPS 

location, 360°  

Weblink,  

Non-specific digital 

augmentation  

Zap Works 

https://zap.works/ 

Either Yes Image, face 

tracking, 360° 

Marker-based 

(special marker) 

BlippAR Builder  

https://www.blippar.c

om/build-ar 

Either Yes Image Marker-based 

(image scan) 

Spark AR Studio 

https://sparkar.facebo

ok.com/ar-studio/ 

On Facebook or 

Instagram 

No Face tracking, 

image-based  

Maker-based, 

dynamic 

augmentation 

Wikitude AR 

https://www.wikitude

.com/ 

Application Yes  Image, object, 

scene recognition, 

instant tracking, 

Geo AR  

Marker-based, 

location-based, 

dynamic 

augmentation 

Unity MARS 

https://unity.com/pro

ducts/unity-mars 

Application No Location-aware, 

context-aware 

Marker-based, 

complex 

augmentation 



 

 

3. Theoretical Framework 

3ÏÐÚɯ ÙÌÚÌÈÙÊÏɯ ×ÙÖ×ÖÚÌÚɯ ÛÏÌɯ Ïà×ÖÛÏÌÚÐÚȮɯ Ɂ6ÐÛÏɯ ÈËÝÈÕÊÐÕÎɯ ÚÌÕÚÖÙɯ

technology, basic human needs are viable triggers for augmented reality 

Ìß×ÌÙÐÌÕÊÌÚȭɂɯ ɯ 3ÏÌɯ ÎÖÈÓɯ ÐÚɯ ÛÖɯ ÊÙÌÈÛÌɯ Èɯ ÕÖÝÌÓɯ ×ÈÙÈËÐÎÔɯ ÈÕËɯ ×ÙÖÝÐËÌɯ

developers with more options to personalize AR experiences.  This 

section describes the conceptual basis leading to and supporting the 

hypothesis.  

 

3.1 Personalization in Augmented Reality 

In many cases, AR is used to enhance the user experience in 

museums and tourism  [24]  [25], education  [26]  [27], entertainment, and 

medicine by adding digital information to the real environment. These 

approaches usually focus on the experience and the object requiring 

enhancement. Another way to conceive experiences is to concentrate on 

the user/users viewing them. This is the concept of personalization, 

ËÌÍÐÕÌËɯ ÈÚɯ ɁÈɯ ×ÙÖÊÌÚÚɯ ÛÏÈÛɯ ÊÏÈÕÎÌÚɯ ÛÏÌɯ ÍÜÕÊÛÐÖÕÈÓÐÛàȮɯ ÐÕÛÌÙÍÈÊÌȮɯ

information access, and content, or distinctiveness of a system to increase 

ÐÛÚɯÙÌÓÌÝÈÕÊÌɯÛÖɯÈÕɯÐÕËÐÝÐËÜÈÓɯÖÙɯÈɯÊÈÛÌÎÖÙàɯÖÍɯÐÕËÐÝÐËÜÈÓÚɂɯ[28]. The core 

elements of personalization definitions are: 

• ɁÈɯ×ÜÙ×ÖÚÌɯÖÙɯÎÖÈÓɯÖÍɯ×ÌÙÚÖÕÈÓÐáÈÛÐÖÕȭɂ 

• Ɂ6ÏÈÛɯÐÚɯ×ÌÙÚÖÕÈÓÐáÌËȭɂɯ%ÖÜÙɯÈÚ×ÌÊÛÚɯÖÍɯÐÕÍÖÙÔÈÛÐÖÕɯÚàÚÛÌÔÚɯÔÈàɯÉÌɯ

personalized: the information (content), the presentation of 

information (user interface), the delivery method (channel), and the 

action. 

• Ɂ3ÏÌɯ ÛÈÙÎÌÛɯ ÖÍɯ ×ÌÙÚÖÕÈÓÐáÈÛÐÖÕȭɂɯ 3ÏÌɯ ÛÈÙÎÌÛɯ ÊÈÕɯ ÉÌɯ Èɯ ÎÙÖÜ×ɯ ÖÍɯ

individuals or a specific individual.  

Personalization enables users to acquire information specific to their 

ɁÕÌÌËÚȮɯ ÎÖÈÓÚȮɯ ÒÕÖÞÓÌËÎÌȮɯ ÐÕÛÌÙÌÚÛÚɯ ÖÙɯ ÖÛÏÌÙɯ ÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɂɯ [29].  

Studying the types of AR experiences in literature, three primary levels 

of personalization are evident. The first level is generic experiences in 

which no personalization is implemented.  The AR experience displays 

the same information to all viewers at any time, such as in museum 

displays. The second personalization level includes experiences receptive 

to external factors such as location and context  [30]   [31]. The third level 

displays information about a specific user. An example of this is 

SentiAR21 an AR experience about a patient in a surgery room or an 

AccuVein22 device enabling the view of a patient vein in blood sampling.  

 

This research aims to formulate a roadmap that embeds human 

needs in AR experiences to enhance experience personalization. In this 

sense, personalization elements are defined as:  

• Purpose: to trigger AR experiences based on user needs 

• What is personalized: the display of experience according to need  

• Target: the user viewing the AR experience  

The following sections explain how these elements are applied in the 

proposed system.  

 

 
21 https://sentiar.com/ 
22 https://www.accuvein.com/ 



 

 

3.2 Human needs in Pervasive Environments  

The satisfaction of human needs is a core value in pervasive 

environments. The study of needs in computing has been around for 

some time now. This topic is addressed from many viewpoints: 

• Needs representation: Some scholars attempted to represent human 

needs using ontologies  [13] [32], others used directed graphs  [33].  

• Human needs are identified in several methods: interviews, 

questionnaires, signal processing on brain scans, and prediction 

methods that depend on sentiment analysis.  

• From the literature study, it is clear that technology may provide 

need satisfaction by different means, including providing services, 

social media use  [34] [35], internet and mobile use, online 

relationships, video games, and gamification.   

3.3 Proposed Concept  

As there are different types of AR experiences with different triggers, 

this research proposes to add a new type, which is a Needs-based AR.  

For a Needs-Based AR system, a basic human need triggers and starts the 

AR experience. Manfred Max--ÌÌÍɀÚɯÔÖËÌÓɯɯ[36] provides a guide for the 

categorization of needs in this research. A detailed analysis will enable 

knowledge about the required sensors for the different needs and the 

logic necessary to transform sensor data into definite needs. Figure 3 

depicts the layers of functionality in the proposed system. The first step 

is to collect sensor data, then applying the correct logic, this data is 

transformed into an identifiable need. Based on the identified need, an 

AR experience is selected to satisfy it or aid in its satisfaction.    

The focus in the present research is on how needs trigger AR rather 

than how AR satisfies a need. Nevertheless, it is essential to indicate that 

ÛÏÌɯ ÈÜÎÔÌÕÛÌËɯ ÐÕÍÖÙÔÈÛÐÖÕɯ ÐÕɯ Èɯ ÜÚÌÙɀÚɯ ÌÕÝÐÙÖÕÔÌÕÛɯ ÐÚɯ ÛÏÌɯ ×ÖÚÚÐÉÓÌɯ

satisfiers for the specific need that triggered the AR experience. For 

example, a satisfier for a hunger need may be the directions to the nearest 

restaurant to the user, or instructions on appropriate meal suggestions for 

a diabetic user.  The satisfaction of needs in developing AR could be the 

responsibility of experience developers and marketers, and the selection 

of the relevant satisfier depends greatly on the user profile. Further 

explanation on needs and satisfiers is present in section 3.4.  

 

 

 

 

Figure 3. Layers of functionality in the proposed application 
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3.4 Need Analysis  

Capturing human needs in a measurable form is a complex 

endeavour. Therefore, it requires extensive study and analysis. In this 

research, Max--ÌÌÍɀÚɯÏÜÔÈÕɯÚÊÈÓÌɯËÌÝÌÓÖ×ÔÌÕÛɯÛÏÌÖÙy and the proposed 

human needs matrix [36]  (Table 5) are used as a guideline to explore the 

various needs and dissect them into measurable elements.  The human 

needs matrix below presents examples of satisfiers for each need 

category, it is not exhaustive, further explanation and guidance on 

satisfiers are present in the human scale development book  [36]. 

Furthermore, the Need Context Technology (NCT) framework (Table 6)  

[37] is used to map relations and tools in the analysis. The aim is to study 

the technology that supports need detection, starting with the most basic 

measurable needs (usually related to health readings, hunger, stress) and 

evolving into the most complex needs.  

Table 5. Human Needs Matrix [38] 

Needs according 

to axiological  

categories 

Being Having Doing Interacting 

Subsistence 1/ Physical 

health, mental 

health,  

2/ Food, shelter, 

work 

3/ Feed, 

procreate, rest, 

work 

4/ Living 

environment, 

social setting 

Protection 5/Care, 

adaptability, 

autonomy 

6/ insurance 

systems, savings, 

work,   

7/ prevent, plan, 

take care of, cure, 

help 

8/Living space, 

social 

environment,  

Affection 9/ Self-esteem, 

solidarity, 

respect  

10/ Friendship, 

family, 

partnerships, a 

sense of humor 

11/ Caress, 

express emotions  

12/ Privacy, 

intimacy, home 

Understanding 13/ Critical 

conscience, 

curiosity, 

receptiveness 

14/ Literature, 

teachers, method, 

educational 

policies 

15/ Investigate, 

study, 

experiment, 

educate, analyze, 

meditate 

16/ Settings of 

formative 

interaction, 

schools, 

universities 

Participation 17/ 

Adaptability, 

receptiveness, 

solidarity 

18/ Rights, 

responsibilities, 

duties, privilege, 

work, a sense of 

humor 

19/ Become 

affiliated, 

cooperate, 

propose 

20/ Settings of 

participative 

interaction, 

parties, 

associations 

Leisure 21/ Curiosity, 

receptiveness, 

imagination 

22/ Games, 

spectacles, clubs, 

parties, peace of 

mind, a sense of 

humor 

23/ Day-dream, 

brood, dream 

24/ Privacy, 

intimacy, spaces 

of closeness 

Creation 25/ Passion, 

determination, 

intuition 

26/ Abilities, skills, 

method, work 

27/ Work, invent, 

build, design, 

compose, 

interpret 

28/ Productive 

and feedback 

settings, 

workshops 



 

 

Identity 29/ Sense of 

belonging, 

consistency 

30/ Symbols, 

language, 

religions, habits, 

customs,  

31/ Commit 

oneself, integrate 

oneself, confront 

32/ Social 

rhythms, 

everyday settings,  

Freedom 33/ Autonomy, 

self-esteem, 

determination 

34/ Equal rights 35/ Dissent, 

choose, be 

different from 

36/ Temporal/ 

Spatial plasticity 

 

The emphasis in this work is on human needs as triggers for an AR 

experience. Hence the goal is to provide the logic to respond to situations 

such as this example:  

• If a user has a subsistence need on a Being axis, trigger experience A.  

This statement leads to the following questions: 

• What elements define a need? 

• How to measure a need?  

Figure 4 describes the relationships between the main elements of 

the proposed model as follows: 

• A person has a need 

• A need has one of three triggers: homeostasis imbalance, incentive, 

or stimulation 

• A need has a satisfier, which has an AR experience  

• A context describes the state of a person and can be an external state 

(environmental) or the internal state of a user.  

• An external environmental state can be an incentive that triggers a 

need.  

• An internal state can reflect a homeostasis imbalance that triggers a 

need.   

A trigger in psychology is a factor that activates a need. There are 

three types of needs triggers [39]: 

• Homeostasis Imbalance: is the internal state that reflects a 

malfunction in the body processes resulting in a rise of a need. 

(internal) 

• Incentive: is an external positive or negative environmental stimulus 

that motivates a person. (external) 

• Stimulation: is an activity that causes excitement or pleasure. 



 

 

Connecting these triggers (Figure 5) with the basic needs and the related 

technology (Table 6) forms the foundation for detecting a human need and 

establishing a need as a trigger for an AR experience.  

 

Figure 5. Components for Human Needs Detection 

Table 6. Need- Context- Technology Framework [37] 

Fundamental 

Human Needs 

Existential 

Categories 

Being 

(Qualities) 

Having 

(Things) 

Doing 

(Actions) 

Interacting 

(Settings) 

Context-Aware 

 Categorization 

User, Who  

(Identity)  

Things What (Activity)  Where (Location), 

Weather, Social, 

Networking 

When (Time) 

Sensors  

and Technology  

Emotion Sensors 

Body Sensors  

 

IoT systems 

and Sensors  

Activity 

recognition 

through motion 

sensors  

Location 

awareness, 

nearby user 

device (for 

proximity with 

other users)  

 

Need Category

Technology
Trigger of 

Need

Figure 4. Conceptual Model of Augmented Reality for Human Needs   [45] 



 

 

3.5 Needs to Sensor Analysis  

This section connects the various needs with currently available 

sensors. To establish the connection, first, the identification of the major 

categories of needs triggers: internal and external (Figure 6). The internal 

Ûà×ÌɯÙÌÓÈÛÌÚɯÛÖɯÈɯÜÚÌÙɀÚɯÉÖËàɯÙÌÈËÐÕÎs, including homeostasis, emotions, 

and stimulation. While the external relates to the surroundings and the 

environment, incentives, context, habits, and stimulation, these 

categories also apply to the sensor types. Specific body and wearable 

sensors can be used for internal triggers, such as Wearable Health 

Systems (WHS) or Wearable Biomedical Systems (WBS) [40]. These are 

termed non-invasive measuring devices that provide continuous 

monitoring. The external triggers relate to context and environmental 

sensors, including location, temperature, lighting conditions, and sound.  

 

4 Materials and Methods 

This section introduces the developed methodology to present the 

concept of a Needs-Based Trigger for Augmented Reality. It details an 

example scenario to explain the needs-based AR experience, followed by 

an application process and a prototype case study.  

4.1 Scenario Analysis  

 ɯ ÚÊÌÕÈÙÐÖɯ ÐÚɯ Èɯ ɁÏà×ÖÛÏÌÛÐÊÈÓɯ ÚÛÖÙàɯ ÜÚÌËɯ ÛÖɯ ÏÌÓ×ɯ Èɯ ×ÌÙÚÖÕɯ ÛÏÐÕÒɯ

ÛÏÙÖÜÎÏɯÈɯÊÖÔ×ÓÌßɯ×ÙÖÉÓÌÔɯÖÙɯÚàÚÛÌÔɂɯ[41]. The intention is to use the 

scenario as an example to explain the use of the model.  

For this scenario, the decision is to use the subsistence need on the 

being axis. Basic subsistence needs include the need for food, water, and 

accommodation. So, the AR experience developer decides that: when a 

user is hungry, trigger experience A, an advertisement for the nearby 

restaurant. 

Analyzing this scenario, it is possible to have one of these cases: 

1. There is a homeostatic need for food. 

Figure 6. External and Internal Needs Triggers 



 

 

2. There is a regular habit of eating at a specific time. 

3. There is an external incentive that excites the user to have food. 

The homeostatic need requires special sensors to detect the 

production of the ghrelin hormone or a low blood glucose level that 

indicates energy scarcity and hunger and triggers the experience. The 

habit may be predicted from previous user activity; therefore, at a 

particular time every day, the user needs to eat, and the system predicts 

that and presents the AR experience. Detecting context information leads 

to identifying possible incentives that might cause hunger, offering an AR 

experience in this situation, and asking for feedback can enhance the 

process of detection and trigger initiation.  

4.2 Application Process 

Based on the previous scenario, the following application process is 

developed (Fig. 7). The process starts with selecting the sensor data, 

analyzing the data, followed by predictions that lead to triggering the AR 

experience. Afterward, collecting user feedback enhances the analysis 

and prediction stages.  

 

To test this application process, a prototype architecture is suggested 

(Fig. 8). The architecture is composed of the frontend user interface and 

the backend experience developer interface. The developer decides the 

need for which he/she develops the AR experience. Then collects relevant 

content in the form of audio, image, 3D objects, or animation. Then, the 

designer designs and produces the experience. These experiences are 

then saved in the platform database. The user frontend initiates by 

creating a user profile and collecting all basic user information. The 

application then collects continuous sensor data and analyzes possible 

Figure 7. Application Process 

Figure 8. Testing Prototype Architecture 



 

 

needs. The analysis can result in a need-based recognition or prediction. 

Based on the identified need, an AR experience is recommended and 

displayed to the user.  

4.3 A Prototype Case Study 

Concurrent research provides an extensive explanation of the 

triggers, sensors, and data requirements for the needs-based AR concept. 

As a result, it presents suggested guidelines to develop a needs-based AR 

system matching the concepts in Figure 7 and Figure 8.  The nine 

guidelines may be generalized to all needs in the fundamental human 

needs matrix beyond the basic needs discussed in this study. While the 

prior research focused on data analysis and need prediction, this study 

has a goal to connect all the elements and present a connected concept 

demonstrating the complete application process. These guidelines are 

seen from the developer/designer's point of view. Following are the 

guidelines listed and exhibited for a prototype study.  

1. Decide on the need you plan to satisfy with the AR experience.  

The case study is a restaurant business that satisfies the subsistence 

needs of hunger and thirst. The goal is to trigger the AR experience that 

interests the individual to visit the restaurant at the detection of the 

subsistence need.   

2. Determine needs specific elements and requirements (context, 

personas, type) 

The subsistence need is dependent on internal and external contexts. 

Internal context represents the homeostasis imbalance of low blood 

glucose or dehydration. External context includes time, day, location, 

activity, and settings. The personas considered for this case are healthy 

individuals with no food allergies, and the type is needs-based triggered 

AR experience.  

3. Select the trigger (homeostasis imbalance, habits, or incentives). 

Developing a collective experience requires the utilization of all 

triggers, however, to simplify the process, this case selects the use of 

habits trigger. The habits trigger requires the collection of several records 

for accurate need prediction.  The records must include basic profile 

information in addition to context information, activity, and current need. 

4. Develop the AR experience with multiple options and preferences 

for that particular need. 

This step aims to create an AR experience that targets particular 

needs and matches the business goals of the experience creator. Examples 

of such experiences (Figure 9) are retrieved from the menu AR 

application [42], and the SeeFood Augmented Reality Menu [43].  

 



 

 

  
(a) (b) 

 
 

(c) (d) 

 
 

 

(e) (f) 
Figure 9. 3D Models for AR subsistence need hunger experiences.  

Source: (a)(b)(e) [42]  , (c)(d)(f)  [43]      

 

In the database, the AR experience should be paired with restaurant 

information such as restaurant name, location, cuisine, description, and 

such to create a point of interest and map directions for the individual.   

5. Based on the need and trigger, select the appropriate sensors 

required to collect data. 

Since subsistence is the selected need and habits constitute the 

trigger, the required sensors must capture the following data: time, day, 

activity, location, and proximity with others. The use of a mobile device 

allows for capturing the time, day, GPS location (identified by the user as 

home, restaurant, or other), and proximity with others (identified by the 

user as being with family, friend, or no one) 

6. Collect data and build a user profile and database. 



 

 

A Sample of the database records representing the required data 

fields is in Figure 10. These records are extracted from the Context-Aware 

Personalization for Augmented Reality (CAP-AR) dataset [37]  

7. Decide and develop the analysis mechanism (a rule engine, 

predictive algorithms) 

The analysis mechanism of choice for the subsistence need based on 

habits are predictive algorithms. This choice is because habits are usually 

repetitive and it is possible to train an algorithm to recognize them having 

enough records in the dataset. The analysis mechanism should detect the 

occurrence of a basic human need (trigger) and initiates the 

recommendation process, to present the individual with related AR 

experience.   

8. Apply a recommendation process to select the AR experience 

Ú×ÌÊÐÍÐÊɯÛÖɯÛÏÌɯÐÕËÐÝÐËÜÈÓɀÚɯ×ÙÌÍÌÙÌÕÊÌÚȭɯɯɯɯ 

In the case of needs-based AR applications, embodying context 

awareness is essential in the recommendation process. Therefore, the 

choice of a context-aware collaborative filtering algorithm [44] fits the 

criteria of such an application.  This algorithm enables recommendations 

ÉÈÚÌËɯ ÖÕɯ ÖÛÏÌÙɯ ÚÐÔÐÓÈÙɯ ÜÚÌÙÚɀɯ ÍÌÌËÉÈÊÒɯ ÐÕɯ ÈËËÐÛÐÖÕɯ ÛÖɯ ÊÖÕÚÐËÌÙÐÕÎɯ ÛÏÌɯ

current context of the user.  

9. Design a feedback collection method to improve recommendations  

After displaying the AR experience to the user, a user rating of the 

experience and satisfaction level should be recorded. User feedback aids 

in the creation of a ranking system that supports collaborative filtering 

recommendations.    

4. Results  

Section 4.3 presents a prototype case study that demonstrates the 

Needs-based AR application. The principal findings of the case study are 

that the transfer from sensor data to meaningful information requires 

appropriate convergence methods since constantly requesting 

information from the individual may decrease pervasiveness. Since 

Figure 10. Records of the dataset portraying required fields 



 

 

human behavior is changing, following a clear pattern on certain days 

and changing the behavior in others, it is essential to have sufficient 

records to apply machine learning algorithms and produce correct 

predictions. Applying the predictive algorithms to predict needs for a 

certain persona (User Id: P11) in the CAP-AR dataset produced the results 

in table 7.    

Table 7. Need Prediction Results 

Algorithm 
Accuracy of all ÕÌÌËÚɀɯ

prediction 

Eat/ Drink need 

class precision 

Eat/Drink need class 

recall 

Decision Tree 49.32% 44.44% 

 

42.11% 

 

Random Forest 32.88% 40.00% 

 

21.05% 

 

Naive Bayes 38.36% 42.11% 

 

42.11% 

 

6. Discussion 

The present research explores the technologies and classification of 

augmented reality. In order to provide personalized AR experiences, it 

connects the concept of AR with that of human needs. In this case, the 

human need is considered as the trigger of the AR experience.  

The needs prediction results from the CAP-AR dataset show low 

accuracy for the Eat/Drink subsistence need, this is due to the varying 

context information associate with one certain need. Basic human needs 

may occur at different times and contexts, correct prediction of needs 

requires an ample number of records in the dataset  

Despite the low accuracy of the prediction results, the guidelines 

demonstrate a coherent means to develop a needs-based AR application 

that should be further tested.  

While a need is a primary controller of the experience trigger, it 

might stir an argument: if a user has deficiencies in basic human needs, 

what makes the user capable of possessing the technology to operate the 

experience?  This question might be answered in two folds: 

• Technology is now reaching many people in various living 

conditions  

• People undergo changing levels of needs daily regardless of 

capabilities.  

AR experiences are custom made for specific reasons, however, 

these reasons are usually generic and not user-related, even in the case of 

personalized AR, the experiences are product, location, or service related 

more than user related. This research questions that from a plethora of 

AR experiences that shall be available in the future, how do we make AR 

more user-specific and find the best experience for a user at a certain 

time? This study answers this question by incorporating basic human 

needs into the equation. Therefore, the novelty is in connecting the 

concepts of augmented reality, needs detection, and satisfier 

recommendation. 

The goal of this research is to create the means to trigger the 

experience based on needs. However, the actual design and the AR 
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experience.  

7. Conclusions 

To realize needs-based Augmented Reality, it is essential to capture 

the different needs using computing methods. In this paper, the focus is 

on the automatic detection of basic needs. A theoretical framework is 

proposed that combines augmented Reality with human needs to realize 

the process of needs-based AR.  

First, a summary of technologies and classifications of AR is 

provided. A review of existing platforms is also provided.  

Second, a discussion on a theoretical framework leading to the 

foundation of the proposed concept. This is followed by a need and 

sensor analysis.  

Third, a scenario is presented to demonstrate the proposed concept, 

followed by the application process based on the scenario and a prototype 

case study.  

To use human needs as triggers in augmented reality applications is 

significant and necessary in various domains. For pervasive computing, 

the combination expands the variety of research and enables the 

personalization of experiences. This research is also practical in 

marketing, entertainment, and ambient assisted living.  The proposed 

framework established based on previous research, focuses on needs 

analysis, while the guidelines provide a roadmap to create a needs-based 

AR application. Future work will concentrate on system implementation 

with a vision of achieving needs-based AR.  
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