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Abstract: Cultural heritage is constantly attracting researchers and developers to introduce 

services that could support informal learning and enhance visitors’ experience at sites, through 

the use of technology. Few studies introduced models and frameworks for developing learning 

technologies, however, none of them were developed for supporting informal learning on-the-

move at outdoor cultural heritage. This paper introduces a theoretical Framework for designing 

Smart and ubiquitous Learning Environments (FoSLE) for outdoor cultural heritage sites, 

which was formulated based on the results of three field studies that were conducted for 

gathering user requirements. A user-centred design approach using sequential mixed methods 

was adopted with data being gathered using focus group, questionnaire and interview 

techniques. A set of general requirements was extracted from the framework to inform the 

design of a smart and ubiquitous learning environment proof-of-concept, SmartC, for which 

mobile and wearable technologies were utilised. 
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1. Introduction 

Cultural heritage is constantly attracting researchers and developers to introduce new 

technologies that could enhance visitors’ experience at sites, as well as enhance the sites’ 

interpretation, which in turn enhances informal learning from sites. Learning at sites, which is 

a significant facet of informal learning, might require visitors to move from one attraction to 

another in order to read the provided information. Ubiquitous learning (u-learning) with the 

harnessing of mobile and wearable technologies would support visitors learn on-the-move at 

sites[1] , which frees visitors from the boundaries of time and place [2]. U-learning offers the 

foundation for the concept of smart learning environment as it gives people the opportunity to 

learn within different contexts while doing daily activities [3]. The smart learning environment 
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concept refers to the acquisition of information about the learners and their surrounding 

environment intelligently to enhance people’ experience [4]. Thus, it would be a great support 

for visitors of cultural heritage as it would help them receive information regarding the 

surrounding cultural heritage places while they are walking at sites, which would promote the 

concept of informal learning where learners are in charge of their learning instead of being 

content consumers.  

As encouraging people to learn is challenging especially if it takes the form of informal 

learning [5], researchers are constantly seeking ways to introduce services that help make the 

learning process more enjoyable, engaging and could be adaptable to users’ needs [6]. That, in 

turn, would enhance users’ engagement and satisfaction [7], which is especially important for 

enhancing engagements and experience of visitors at cultural heritage sites as people often see 

it as a form of entertainment [8]. In this context, designing technologies that draw users’ interest 

for learning at sites is challenging since learners have different characteristics and preferences, 

which requires services need to be adapted based on them [9, 10]. Thus, it is essential to involve 

learners/visitors in designing such technologies to help capture user requirements [11]. This 

would help prevent major issues in the design that may delay the delivery of productsas [12-

14]. In addition, it is also important to introduce tools that assist researchers in designing 

learning technologies and guide the design to meet users’ needs and preferences, which would 

help feature adaptive learning services; that would enhance satisfaction as well as learning from 

sites. 

The context of cultural heritage might have different requirements than other contexts, as 

often the visit to sites is considered as an entertainment trip not learning as we mentioned. 

Thus, it is essential to enhance visitors’ engagements, which would motivate visitors to take 

learning opportunities at sites. Additionally, the outdoor settings of sites have special 

requirements, where variables such as weather and level of brightness (i.e. sun light), are not 

easy to control and at the same time enhance engagement. Hence, there is a need to introduce 

a tool that considers these variables based on user’ perspectives, which has not been given a 

great attention in the literature (see Section 2). 

While a number of frameworks have been proposed for informal learning such as in [15-

17] and new technologies have been developed for cultural heritage such as in [18, 19], none 

of these were developed for supporting informal learning at outdoor cultural heritage sites and 

on-the-move, while also considering users’ requirements. Designing such services that meet 

learners/visitors’ needs would be essential to enhance their engagement at sites as visitors do 

not consider visiting outdoors cultural heritage sites as a form of learning, but rather as a form 



of entertainment.  Some studies were conducted with respect to cultural heritage sites but not 

necessarily for outdoors [20-26]. Immersive technologies such as augmented and virtual reality 

(AR & VR), and gamification were also harnessed to enhance the experience of sites for 

instance in [27-34]. However, they were not dedicated for introducing a framework for 

enhancing learning experience from sites on-the-move.  

This paper introduces  a theoretical framework for designing smart and ubiquitous 

learning environments (FoSLE) for outdoor cultural heritage, which considered 

learners/visitors’ requirements. FoSLE was formulated based on three field studies that were 

carried out to gather user requirements with the aim of  identifying the essential elements for 

designing technologies that support informal learning at sites as well as enhance visitors’ 

engagements and experience as well as sites’ interpretation. This framework was designed to 

assist researchers who work in the field of technology enhanced visitors’ experience as well as 

sites’ interpretation in designing such services. FoSLE harnessed mobile and immersive 

technologies (i.e. smart eye glasses and AR) with the aim of enhancing visitors’ engagement 

as AR would be an excellent choice for drawing visitors’ interest as well as contribute to a 

better interpretation of sites [25, 26].  FoSLE consists of six broad categories, which are: 

Learner, content, learning design, interaction design, context and, challenges and obstacles. A 

set of general requirements was drawn out from the framework to inform the design of a proof-

of-concept.  

The rest of the paper is structured as follows: section 2 discusses theories of use that 

were involved in designing the framework; section 3 gives an overview of previous models 

and frameworks that support informal learning and/or learning at cultural heritage sites; setion 

4 presents the aim and objectives of the research; section 5 discusses the methodology adopted 

in this research; section 6 presents the findings, which is the FoSLE framework; section 7 

presents the development of the proof-of-concept mobile app; section 8 discusses and highligts 

the findings and the main contribution of this research; section 9 concludes the paper and 

provides a direction for future work. The next section gives an overview of theories involved 

in designing the framework alongside the field studies.  

2. Theories of Use 

Ubiquitous computing offers technology that interweaves into our lives and the 

surrounded environment in an unobtrusive way [35], which was harnessed in the field of 

learning to enhance learning experiences. Ubiquitous computing referes to embedding 

computers invisibly into our daily life [36]. Thus, learning has become ubiquitous with 



harnessing mobile and wearable technologies [2], which support learning in both formal and 

informal contexts [37, 38]. Ubiquitous learning (u-learning) promises to free people from the 

boundaries of time and place, providing opportunities for people to learn regardless of where 

they physically are using mobile and wearable technologies [39], which would be a great 

support for informal learning. 

The informal learning concept has been increasingly used in adult education [40]. It refers 

to learning when it occurs out of the formal education context in which learners take the active 

role and are being in charge of their learning. It could be considered the complimentary partner 

to the experiential learning [40]. Kolb defines  learning as " …the process whereby knowledge 

is created through the transformation of experience" [41]. Individuals learn when experiencing 

life and through a trial and error process, which often happens incidentally and spontaneously 

[42]. 

The learning from experience notion was originally developed by the theorist John Dewey 

(Dewey 1938), which served as the foundation stone for developing the concept of informal 

learning. Learning happens during social life, when individuals are interacting with the 

community, as social learning involves supporting learning via observing others’ behaviours, 

attitudes and cognitive processes [43, 44]. In other words, learning occurs by engaging with 

the community while doing formal or informal activities. In the same vein, collaborative 

learning is an approach of learning that involves learning by sharing experiences between 

learners, which also could be considered as social learning [45]. Learning occurs at any time 

and place, as there is no restriction for acquiring information and enhancing knowledge, which 

supports situated learning. 

Lave and Wenger [46] argue that situated learning is the acquisition of knowledge through 

a community of practice where social interaction in context is the main component of the 

learning process. Conversation tends to enhance memory and consequently enhance learning 

as the discussed information meant to stay longer in an individual’s memory [47]. Pask [48] 

defines conversational learning as “conversational systems which allow mental activities to be 

described in terms of dialogue and behaviour” [48]. Conversation helps construct knowledge 

between learners, which in turn enhances their knowledge [49]. Thus, interacting and 

socialising with the community would enhance informal learning as people could reinforce 

their knowledge by sharing their experience with each other’s [44].  

The aforementioned theories helped in designing the proposed framework, the 

corresponding theory will be mention where appropriate (see Table 2). The next section 

provides an overview of the frameworks and models that support informal/non-formal learning. 



3. Frameworks and Models to Support Informal Learning 

In recent years, there has been an increase interest in the literature regarding informal  

learning. Various issues within informal learning have attracted the attention of researchers.  A 

number of studies have been conducted in the field of informal learning that have developed 

models and frameworks for learning throughout a lifetime. Some studies also focused on 

cultural heritage. Previous studies related to models/frameworks for informal learning are listed 

in Table 1. 

Several researchers looked into the development of services that support learning at cultural 

heritage sites for both formal/non-formal [18, 19, 50, 51] and informal learning [4, 52-54]. 

These were developed for particular goals, e.g. formal learning for field trips [3] or a particular 

site [55, 56]. These works, however, did not focus on the development of a framework or 

model, and consequently, were not included in Table 1; see Abbrivation for clarification .  

                                                      

For new technology  NT 

Model/framework  M/F 

Field/Context  F/C 

Theories/methods applied T/M 

User-centred design UCD 

X  

Indicates the 

study supports what 

is being said in the 

title of the column  

 

Author(s) NT M/F F/C T/M UC 

Marsick and Watkins 

[15]   
 

Informal and incidental 

learning model 

Informal learning in 

workplace 

Dewey’s work/ 

a previous study  
 

Vavoula [57] X 
FoLL: a framework of 

lifelong learning 
Lifelong learning 

Diary and 

interviews 
X 

Bagnasco, et al. [58] X 

A virtual learning 

community / Online 

classroom 

e-training environment 

in workplace/ just-in-

time   

Does not 

mention, seems 

to be based on 

previous studies 

 

Pemberton, et al. 

[59] 
X 

A pedagogical framework 

for informal language 

Informal language 

learning  

Based on the 

review of 
X 

Table 1. Previous models/frameworks that support informal learning 



learning services via 

interactive television 

previous models 

and focus group 

studies 

 Koper, et al. [16]  

A design model for 

lifelong learning 

networks 

Informal learning Theory-based  

Li, et al. [60] X 

A conceptual framework 

of computer-supported   

Ubiquitous learning 

environment (ULE) 

ULE is for integrating 

schools, communities, 

and families. 

Theory-based  

Zhang, et al. [61] X 

A Framework of Social 

Interaction Support for 

Ubiquitous Learning 

A social interaction 

community  
Theory-based   

Taylor, et al. [62] X 
Task Model for Mobile 

Learning 
Mobile learning 

Two field 

studies  
X 

Nino, et al. [63] X 

Context-Aware Model for 

Ubiquitous Learning 

Environment   

Ubiquitous Learning Previous studies   

De Jong, et al. [64]  

Reference model (content, 

context, purpose, 

information flow  

and pedagogical model) 

Learning, mobile social 

software 
Previous studies  

Saccol, et al. [65] X 

A framework for the 

design of ubiquitous 

learning applications 

Ubiquitous learning/ 

learning in general  

Literature/ 

previous studies  
 

Chatti, et al. [66]  3P learning model for TEL 
Informal, lifelong 

learning 

Does not 

mention, seems 

to be based on 

literature 

 

Barbosa, et al. [67] X 

A ubiquitous learning 

model focused on learner 

interaction (LOCAL) 

Ubiquitous learning 

A previous 

study (Saccol et 

al., 2009) 

 



FitzGerald [17]  

Creating user-generated 

content for location based 

learning: an authoring 

framework 

Informal learning Literature-based  

Park, et al. [68]  

Task Model and Task 

Ontology for Intelligent 

Tourist Information  

Service 

Tourism   Case study X 

Candello [69]  

Framework for content 

presentation in outdoor 

settings 

Tourism/Informal 

learning 

Outdoor cultural 

heritage 

Observations, 

interviews and 

questionnaire 

X 

Yin, et al. [70]  Conceptual framework 

Scaffolding 

participatory simulation 

for mobile learning 

Based on 

experiential 

learning theory 

 

Saeed, et al. [71]  

Framework for interactive 

mobile application 

(usability framework)  

Mobile application in 

general, smartphone 

Observations 

and interviews 

Evaluation/ 

usability test  

X  

Hwang [3] X 
Framework for smart 

learning environments 

Real-world and online 

contexts (non-formal) 
Literature   

Koren and Klamma 

[25] 
 

A framework for dealing 

with physical artefacts 

using wearable computing  

Informal learning 
Previous 

projects 
 

Aziz & Khoukhi, 

(2017) 
X 

A Design Requirements 

Framework for Mobile 

Learning Environment 

Mobile learning/formal 

and informal learning 

Learning 

theories 
 

Parsazadeh, et al. 

[72] 
 

A framework for 

cooperative and interactive 

mobile learning to 

improve online 

information evaluation 

skills 

Mobile online learning 

previous 

research, the 

cooperative 

learning model, 

and interactive 

learning theory. 

 

Ada [73]  
Using design-based 

research to develop a 

Formal learning/ 

Assessment  feedback 
Observations  X 



 

As it is shown in Table 1, some of the presented models were introduced to support 

designing new technologies [3, 57, 61-63, 65, 67, 74], however, four of them, Vavoula, 

Pemberton et al., Taylor et al.’s and Candello’s models have considered user requirements in 

designing the corresponding model/framework, only Candello’s one was introduced for 

cultural heritage context. Considering user requirements in designing new technologies is an 

essential element in enhancing visitors’ engagement as it would provide an adaptive learning 

environment based on visitors’ preferences.  

The learning experience at cultural heritage sites requires visitors to move around sites and 

get close to attractions in order to read the available information and also it is often not as quiet 

as other learning environments. In addition, the visit of outdoor cultural heritage settings 

involves different contexts as visitors visit with family and friends or on their own. Moreover, 

different reasons drive them to visit, such as for getting their children to learn their history, 

which need to be taken into account when designing new technologies.  

An important aspect in the cultural heritage context is the necessity of enhancing visitors’ 

engagement to take this experience, as well as enhance the interpretation of sites. Interpretation 

is not only presenting factual information but more importantly evoking the emotional and 

intellectual connection between visitors and attractions [75]. That in turn, would promote the 

sense of loyalty and belonging to the community as well as increase awareness of cultural 

heritage places, which consequently would encourage the preservation of sites. In addition, due 

to the fact that visitors need to go elsewhere after the visit, investing the time smartly during 

the visits is crucial. Given that, technologies for cultural heritage contexts need some extra 

aspects to be considered, which were not considered in the mentioned frameworks and models, 

such as: (a) the content that learners/visitors consume to perceive history; and (b) interaction 

with the contexts, which could involve some important aspects such as: activities that visitors 

perform to take learning opportunities, resources and tools that mediated the performance, 

information format, and, the interface design that learners use to access services and activities.  

Besides the aforementioned studies, some other were introduced for cultural spaces but not 

necessarily for outdoors, as mentioned earlier; they were not dedicated for introducing a 

framework for enhancing learning from sites [20-25, 76, 77]. However, non of them was for 

Mobile Learning 

Framework for 

Assessment 

Feedback 



designing a smart environment to support learning on-the-move at outdoor cultural heritage 

sites.  

The research reported in this paper investigated how people would use ubiquitous 

technology at cultural heritage sites and how technology can support learning at sites. The 

socio-cognitive engineering methodology [78] was used, which allowed the integration 

between the field studies and the corresponding learning theories to define a task model, i.e. 

the FoSLE framework. The field studies provided information about how users use ubiquitous 

technology at cultural sites, as well as how they would like technology to support their 

experience at the sites. The FoSLE framework provides information for researchers and 

designers to assist them in designing new technologies for supporting informal learning at 

outdoor cultural heritage sites. The FoSLE framework was developed to address the 

characteristics of the outdoor cultural heritage context by considering users’ requirements. The 

next section gives an overview of the aim and objectives of the research. 

4. The Aim and Objective of this Research 

This research aims to explore and develop the potential of ubiquitous technologies for 

cultural heritage. This research has investigated how people may use mobile and wearable 

technologies for learning purposes, and also how ubiquitous learning environments could be 

developed based on mobile and wearable technologies to support informal learning in cultural 

heritage contexts. This research aims to achieve a number of objectives, which include:  

1. To develop a task model in the form of a theoretical framework for smart and ubiquitous 

learning environments utilising mobile location-based services to be used at outdoor 

cultural heritage sites.  

2. To develop a smart and ubiquitous learning environment utilising mobile and wearable 

technologies as a proof-of-concept based on the task model. 

The starting point of this research is triggered by the following questions:  

1.  How do people use ubiquitous technologies for learning purposes at cultural heritage 

sites?  

2. What are the essential elements for developing a smart and ubiquitous learning 

environment utilising mobile and wearable technologies for cultural heritage sites that 

meets the user’s needs? 

The next section gives an overview of the methodology, methods and techniques adopted 

to answer the questions and reach the aim. 



5. Methodology  

A user-centred design approach was used, using an adapted version of the socio-cognitive 

engineering methodology (SCE) [78] to help answering the research questions.  

SCE consists of two main stages, analysis and design, that are connected in an 

intermediate stage bridging the two main stages, i.e. the task model. Each stage involves a 

number of elements or sub-stages to achieve a specific goal (see Figure 1). The analysis stage 

has two elements, field studies and theory of use. The field studies involve investigating 

people’s behaviours, attitudes and habits regarding the investigated activities, while the theory 

of use involves studying theories related to these activities, which was explainded in Section 2 

and will be mentioned where appropriate when presenting the framework in Section 6. These 

two elements are pulled together to formulate a task model, which bridges the analysis stage 

with the design stage in an iterative manner and provides a set of principles in the form of 

requirements that could be adopted to inform designing new artefacts. 

The focus of this paper is on the analysis stage, which led to the development of the FoSLE 

framework. To illustrate how the framework could be used, we present a proof-of-concept with 

features drawn from the framework in section 7; however, we do not go into details, as the 

process of developing the proof-of-concept is out of the scope of this paper.  

 

 

Three empirical studies were conducted sequentially using mixed methods with data being 

gathered using focus group, questionnaire and interview techniques [79]. This approach was 

used to combine different methods (quantitative and qualitative) to gain a better insight 

regarding the investigated aspects as each one could overcome the limitation of the other. 

 

Figure 1. The adapted version of the socio-cognitive engineering (SCE) methodology [76]; the 

grayed area is not discussed in this paper. 

 



Additionally, it involves end users in the design process, which has the benefit of designing a 

tool based on their perspectives and consequentely it could meet their needs. This would 

significantely benefit adaptive learning. The studies were integrated during the interpretation 

of the results of the field studies. As we pointed earlier a theoretical framework (FoSLE) has 

been devised from the field studies and the learning theories that were presented in Section 2 

(see Figure 3); details of each study are given in this section. A set of general requirements was 

pulled out from the framework to guide the design of a proof-of concept; Figure 2 illustrates 

the steps of the research.   

 

                                               

 

                                          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Illustration of the research steps 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1  The focus Group Study  

A focus group discussion was carried out to extract users’ perspectives regarding the use 

of mobile technology for learning purposes. Six broad themes resulted from the study, which 

are: Learners and Devices, The Notion of Learning, Motivation and Attitude, Services and 

Features, Information, Usability, Acceptance and Usefulness, and Challenges and 

interventions. These themes helped to design a questionnaire for the next step of the research 

as well as carry out further research.  

A focus group discussion [80-82] was carried out with the aim of gathering preliminary 

requirements to inform the questionnaire design. It was conducted at the University of 

Portsmouth; participants have been recruited amongst students’ community of the University 

of Portsmouth. Ten people were invited to take part in this focus group study with the aim of 

recruiting as many participants as possible with diversity of different demographic background, 

six participants showed up on the day. A Doodle notification was sent to set a day/time that 

was suitable for everybody who was taking part, in order to organise the meeting; all of them 

were familiar with mobile technology. It is important to note that the sample selected for this 

study were chosen from different background to have a wide spectrum of opinions. Four pre-

 Figure 3: The process of collecting data and formulating the framework 

 



prepared questions have been asked, which are listed below. The discussion took around one 

hour and twenty minutes, and it was recorded, and afterward transcribed. The thematic analysis 

method was used to analyse the qualitative data [5].  

 

1. Would you like to write down what comes up to mind when someone says using a 

mobile device at cultural heritage sites, (e.g. positive or negative aspects, services, 

environment, etc.).   

This question were asked to find out how participants experience and use mobile 

devices at cultural heritage sites   

2. How many of you are using a mobile device?   

This question were asked to find out if participants actually use mobile devices  

3. Are you using a mobile device for learning? Why?  

This question were asked to find out if participants use mobile devices for learning and 

why 

4. What do you think, why people would visit cultural heritage sites?  

This question were asked to find out what is participants point of view of what could 

motivate people to visit sites 

 

Six participants took part in this discussion; their age ranged from 28 to 50; three were males 

and three females; all of them were students. They were from different backgrounds: two 

English, two Arabic, one Nigerian, and one Indonesian. All of them were familiar with mobile 

technology and have used it for different purposes; however, they had different levels of 

interest in cultural heritage.  

5.2 The Survey Study 

A questionnaire technique was used to gather broad user requirements to investigate how 

people use mobile technology for learning purposes at outdoor cultural heritage sites. The 

questionnaire was designed based on themes that resulted from the focus group study. The 

questionnaire involved different sets of questions: multiple choices with one option, multiple 

choices with several options, and open-ended questions; online and paper-based questionnaires 

were used. The convenience method of sampling was used to recruit participants [83]. A simple 

statistical analysis was carried out to obtain frequencies of the nominal data using the SPSS 

software [84].  

189 participants responded to this survey aged between 18 and 70+ years. 47% of 

participants were male and 52% were female. The vast majority of participants (86%) lived in 



the UK with the remainder in a number of locations. 47% of participants were students, 33% 

were employed and 12% were retired. The remainders were unemployed (4%) and self-

employed (3%). 3% of participants stated other occupations such as researcher, independent, 

and semi-retired. Some participants stated more than one occupation such as student and part-

time employed at the same time, which explains why the total is more that 100%. The results 

of this study contributed to design the next step, which is the interview study (see Appendix 

A). 

5.3 The Interview Study 

A semi-structured interview technique was used in this study to collect in-depth qualitative 

data regarding how people use mobile devices for learning at cultural heritage sites. The 

interview questions were designed based on the results of the survey study as they sugest that 

some aspects were not as popular, such as learning collaboratively and using wearable 

technologies, which needed to be investigated further (see Apppendix A). A convenience 

sampling method was used to recruit participants. An email was sent to each participant 

separately to state date/time to conduct the interview. The interviews were recorded; the 

duration ranged between 25 and 50 minutes.  

Ten participants took part in this study; eight were end-users and two were staff members 

of cultural heritage. The end-users were aged between 28 and 70, two males and six females, 

all of them were interested in cultural heritage. The staff members worked at the Historic 

Dockyard in Portsmouth; they were interviewed to find out about their experience regarding 

how visitors use technology at their sites.  

Next section presents the findings – the proposed framework, FoSLE 

6. The Results – The FoSLE Framework   

Based on the results of the field studies, a theoretical framework, FoSLE, was formulated 

for designing smart and ubiquitous learning environments (S-ULEs) for learning informally in 

cultural heritage contexts. Six broad categories were identified in the field studies: (1) learner; 

(2) content; (3) learning design; (4) interaction design; (5) contexts; (6) challenges and 

obstacles.  



This section discusses the categories based on the findings; a justification for each category 

with examples from the field studies and the learning theories are given in Table 2; details of 

each category are given in this section. It is important to highlight that some results from the 

field studies are consistent with the learning theories that were used in this research; for 

instance, in the “learning design” category there is an example from the interviews where 

participants highlighted that the conversation meant to boost their memory which is align with 

the conversation theory. The abbreviations used are: (1) Source (SC); (2) Focus group (FG) (3) 

Survey study (SS); (4) Interview study (IS); (5) Theory of use (ToU). 

 

 

 

categories  Justification  Examples  SC 

Learner 

Learners performs and 

conceive learning differently  

“in addition to the constructs 

of intelligence, and personality, 

there is also cognitive style as a 

distinct construct, and that style 

is different in nature and in the 

way it affects behaviour” [85]. 

ToU 

Respondents stated they would 

like to customise their app based 

on their preferences 

62% of respondents ticked 

“Yes” for customising their 

app. 

 

SS  

Participants emphasised that 

people differ in their 

characteristic, motivations and 

habits 

“if you had like a particular 

interest in certain aspects of the 

site you can may be tailored to 

that,  you can select what things 

are more interesting to you”  

IS 

“…different people has 

different preference” 

FG  

Content 

Respondents reported they like 

to receive historical information 

as well as useful information 

such as transportation.  

The results indicate learners 

like getting historical 

information while they are 

walking around, and finding out 

extra information about sites 

SS 

Table 2. categories of the FoSLE framework with justifications and examples from the field studies 



categories  Justification  Examples  SC 

(e.g. public services or opening 

times) as it gained 53% of 

responses. 

Participants mentioned 

different types of information 

that they would like to have 

regarding cultural heritage sites 

such as life back in time. 

“for learning from history,   I 

think just giving me just 

sufficient information to 

understand the historical 

context of the social context of 

where I am, not too much 

information, I don’t want it to 

be like a lecture, but just 

enough to understand this is 

would've been like at this period 

of time of history, this is why the 

building is here, this is would've 

happened in this building, this 

is what happened as a result” 

“I like to see pictures of the 

place as it used to look in the 

past” 

IS 

“…it can give you 

information like taxis, buses, it 

could be helpful or how far from 

the bus station…” 

FG 

Learning 

design 

 

Experiential, social, 

collaborative, situated and 

conversational learning  

“conversational systems 

which allow mental activities to 

be described in terms of 

dialogue and behaviour” [48] 

ToU 



categories  Justification  Examples  SC 

Respondents noted they visit 

cultural heritage mainly for 

learning.  

The vast majority of 

respondents claimed that using 

mobile devices would assist them 

accessing information whilst 

they are moving and doing daily 

activities. 

Learning is the main reason 

that drives people to visit 

cultural heritage site as 86% of 

the questionnaire respondents 

reported that. The other reason 

is curiosity as 70% of 

respondents stated that they like 

to investigate the culture of 

other countries.  Another 

mentioned reason is envisaging 

the stories behind these sites 

(58%). All these reasons could 

be categorised under the 

learning category. 

SS 

Participants stressed that 

having instant historical 

information while they are 

moving would really save 

their time and efforts. 

Participants stated they 

perform learning differently 

and have different learning 

preferences.  

“…going around place with 

other people does mean there 

will be a conversation, 

conversation tends to improve 

memory so it gets you thinking 

more or probably remember 

more about the site because I’ve 

been talking with my friends 

and I might not remember that 

room very well but I will 

remember the conversation we 

had in that room about that 

statue or that painting or those 

artefacts…” 

IS 

“I would like to take my 

children to historical site to 

help them learn from them…” 

FG 



categories  Justification  Examples  SC 

Interaction 

design 

Respondents stated that they 

would like to use different 

services and multiple levels of 

interaction at cultural heritage 

sites.  

76% of respondents stated 

that they would use mobile 

devices at cultural heritage sites 

and also 89% asserted that 

mobile devices would facilitate 

getting information regarding 

the history of heritage places. 

“Device needs to be flexible 

as user may not want it on all 

the time”. 

SS 

People interact with the 

cultural heritage context in 

different manners. They use 

different resources and tools to 

acquire information whether are 

provided by the site or their own 

devices. 

“…probably want an app 

that connected to audio tours 

not visual, something that I can 

listen to [on] iPhone for 

example could track where I am 

then I would automatically 

know where I was and be able 

to give me the correct 

information based on where I’m 

standing” 

“…I think the information 

that you receive and platform 

which presented to you 

or directly affect   how 

enjoyable the experience was 

but also the amount of 

information you take back from 

it…” 

IS 

“… [if the app is] more 

complicated, more interaction 

FG 



categories  Justification  Examples  SC 

and more question you will lose 

number of users… ” 

Contexts 

People use mobile devices in 

different places and contexts, 

which include: at home, whilst 

traveling, in the office, and on 

holiday. 

Results show that people use 

mobile devices at different 

places and contexts which 

include: at home (96%), whilst 

traveling (89%), in the office 

(67%), and on holiday (78%). 

33% of respondents reported 

that they visit cultural heritage 

sites when they are on holiday. 

SS 

 People visit sites individually 

and in groups; being with a group 

might bring different experiences 

than on their own; being with 

others helps remember 

information which enhances the 

learning experience. 

“…I can remember that feel 

it is very personal, personal 

experience, when you with 

somebody else may be you talk 

about, oh its Jasmin that's 

interesting it feels beautiful, but 

may be you don’t hold this 

sensation [of the place]” 

IS 

“…I might go to visit cultural 

heritage or historical sites if I 

am on holiday in another 

country”  

FG 

Challenges 

and obstacles 

The results highlight some 

challenges regarding using 

technology to learn at cultural 

heritage sites. 

Some respondents said that 

they do not use mobile devices 

at cultural heritage sites (23%). 

“Don't take mobile on 

holiday and only visit sites on 

holiday” 

SS 



categories  Justification  Examples  SC 

A number of challenges were 

highlighted by the field studies: 

confidentiality, financial issue 

and people’s preferences.  

“…I think it [technology] 

takes [away] some of the dream 

and the fantasy…”, “…I don’t 

think and I don’t think I would 

[use technology at sites], I 

know personally I would get 

frustrated with technology 

instead of enjoying being in 

historical place, that for me is 

the extreme opposite of the 

experience that I want to have, 

I want to get lost in the history 

and in the time before 

technology” 

IS 

“… [people] may not feel 

comfortable with something 

knows where they are…” 

FG 

 

FoSLE provides information to support the design of such services, each category provides 

different types of information that serves this particular aspect (see Section 8 for more details); 

the details of each category are given in the next sub-sections. 

6.1 Learner 

 The learner is the core element in the informal learning process as they in charge of their 

learning experience. People differ in their characteristics and habits in all life’s aspects 

including learning [86]. Consequently, they do not perform learning in the same manner, they 

perceive learning differently, take learning opportunities in different ways and have different 

learning preferences [10]. In cultural heritage contexts people visit sites individually and in 

groups (family or friends), as well as in different age groups. Each group has different needs 

and preferences [87], and it is clear from the current data that people prefer to customise their 

apps based on their preferences (see Table 2), but more than that, they really prefer the app to 

customise itself intelligently by tracking their route and history of previous interactions.  



6.2 Content 

 The content is an important element in the learning process whether it is a learning material 

or useful information as both types would assist learners in performing learning more 

efficiently. Learning content is the material that learners consume to construe history as well 

as make sense of historical places. Designing a content object could make delivering 

information more efficiently that could help in making sense of the attractions in a one or 

different area(s) as one object. The value of the content object is that it connects all the related 

sites and attractions whether they have experienced the same events over times, or experienced 

different events in one particular period of time. In order to envisage the full picture of events 

that have had happened at that site, different types of historical information need to be involved, 

which in turn helps people to have a full experience of sites. Furthermore, to help learners 

engage with the content, reliable and interesting historical information should be provided, also 

the level of detail should be adapted based on a learner’s understanding [17]. In addition, 

information regarding public services such as cafes and transport would be very useful for 

visitors (see Table 2). On this basis, content could be categorised into two types, (a) learning 

material (e.g. life back in time, human achievements, interesting facts and funny stories), and 

(b) useful information (e.g. the weather, transportation, tickets, opening times, and public 

facilities such playground for children, and a place to eat). 

6.3 Learning Design 

 Learning happens spontaneously while people carry out their daily activities and 

experiencing life, and they might not even be aware that they are learning. Tough [88] points 

out that people mainly undertake a learning project to gain new knowledge or skills that could 

improve people’s life, such as change one’s habits or completing tasks related to one’s job, 

home or family.  

Learning is the main reason that drives people to visit cultural heritage sites for themselves 

or for their children even if they do not perceive the trip as learning, either locally or abroad to 

discover other communities’ cultures. It also was reported that visiting cultural heritage sites 

helps in raising awareness of culture and attaching people to their communities as well as 

preserving these sites. Moreover, envisaging the stories behind the cultural heritage sites may 

support people to maintain the link between the past and the present, which in turn sustains the 

culture. In addition, cultural heritage sites are also seen as a form of worthy entertainment, as 

most people visit cultural heritage sites at least once a year, which could contribute significantly 

to the countries’ income. Moreover, visiting heritage places and experiencing the past by 



exploring their history would enhance learner’s perception [89]. Therefore, it is significant to 

utilise means that make learning experiences at sites more efficient and pleasurable.  

As taking a new learning experience could be a challenge especially if it is a self-directed 

process, it is important to assist learners in designing their learning journey [90]. The learning 

design might include: (a) motivation that drives learners to visit cultural heritage sites (e.g. 

watching a historical film about that period of time), (b) learning types, and (c) learning 

preferences. Learners perform different types of learning in different contexts such as 

individually, collaboratively, socially as well as learning on-the-move as the current data 

highlight. Learners tend to have different preferences to perform learning based on the contexts 

of learning [10, 91]. There are some learners who are visualising and enjoy seeing artefacts, 

which might let their imagination to take over. Others like challenging and adventures such as 

quizzes and geo-caching (Mortara, Catalano, Bellotti, Fiucci, Houry-Panchetti & Petridis, 

2014), which might help them to remember information to which they were exposed to during 

the activity. Additionally, some learners like to engage with a story that tells a historical event 

in an interesting way. Learning by doing is a preference for some learners in which they engage 

in an activity that might demonstrate life back in time. In short, providing different activities 

that meet learners’ needs in different stages during their visit to cultural heritage sites could 

help them in taking a learning experience more easily. Moreover, enabling different types of 

learning could make the learning process more enjoyable (see Table 2).  

6.4 Interaction Design 

Interaction design is considered a key aspect in drawing the user’s attention to new 

technologies [92]. People use different types of mobile devices in different contexts and spaces 

for almost all daily activities including learning at cultural heritage sites. As users deal with 

services via interfaces, it becomes essential to carefully design such services.  

Presenting information in an interesting way would help enhance visitors/learners’ 

engagement such as providing multiple modalities for delivering historical information. 

Another way of presenting information is delivering information through multiple screens and 

allowing learners to choose between them to suit the current context of use. This would support 

learners to engage their sight with the artefacts when observing them, while simultaneously 

receiving information through wearable devices, such as smart eye glasses. Wearable devices, 

such as smart eye glasses, could be instructed using visitors’ voice [3], which would free 

visitors’ hands completely. In this sense, wearable devices would enable learners to interact 



with contexts conveniently and effectively, which would significantly enhance the interaction. 

That, in turn, would enhance learning from cultural heritage sites. 

One interesting issue that was raised in the field studies is the fact that people are motivated 

to see how cultural heritage sites used to be in the past. Presenting information based on users’ 

profile and learning preferences could convince people to visit sites [93]. That could enhance 

learning from cultural heritage sites. Another aspects would make the use easier are: providing 

options to abort or switch off services when they are not needed at any stage of learning, and 

switching smoothly between different devices. Since adaptation is a significant aspect within 

the interaction design, it is important to introduce a service that could be adapted according to 

the surrounding environment and user profile in terms of contents, devices, functionality and 

interfaces (see Table 2). In short, interaction design could include: (a) usability aspects, (b) 

adaptation, and (c) interaction with the context (i.e. services and activities, and delivering 

historical information). 

6.5 Context 

 Learning could take place at any time and in any context as there is no restriction of time 

and place for learning. People use mobile devices for learning whenever they need regardless 

of time and place which supports the concept that learning is mobile [94]. People experience 

sites differently such as, individually or in groups, and within groups people come with friends, 

family or as a guided-group (see Table 2). Some people visit sites only on holiday to discover 

other cultures, whereas others like to visit sites regularly such as once a month and they enjoy 

visiting the same site more than one time. Moreover, some people are not able to be at sites 

physically for some reason such as they are in a far geographic area, which could benefit from 

distance learning (distance visit) through ubiquitous devices. distance learning would provide 

a great opportunity for learners who are not able be physically at sites for any reason [95]. All 

these aspects use different contexts for learning. Hence, considering different contexts could 

have a significant impact on learning outcomes, which can be addressed with an adaptation 

mechanisms to effectively respond to different contexts of use [96]. In a summary, this research 

identified a few learning contexts in terms of: (a) time of the visit (e.g. busy or quiet), (b) place 

(e.g. a new place), (c) type of visit (e.g. individual or a group) and (d) learners’ physical state 

(e.g. moving or in a settled situation (i.e. sitting)). 

 

6.6 Challenges and Obstacles 



 Although learning in outdoors settings has its own benefits [97], it might raise some 

challenges with using mobile services, such as weather issues as both rain and sun spells might 

affect the experience. The network’s quality, the cost and the confidentiality could be 

significant issues. Visitor’s level of knowledge in using technology might obstruct the 

experience. These issues should be taken into account when designing such services and 

providing some alternatives such as displaying clear errors and process messages and applying 

an adaptation mechanism. Moreover, some people do not use internet on their mobile phone 

for financial issue, which might prevent them from using such services. Additionally, visitors’ 

preferences need to be accommodated, as some people are not very keen to use technology at 

cultural heritage sites, because from their point of view it takes the imagination away and 

because they would like to use all their senses there (see Table 2). However, technology is 

growing so rapidly, which introduces different services that might draw people’s interest and 

enable them to choose how to experience the sites. Some new technologies have been released 

recently that help people experience life back in time by enabling them to use all their senses, 

i.e. smell, touch and hearing [98]. In a summary, challenges could be categorised as: (a) 

confidentiality issues, (b) financial issues, (c) tools and devices related issues, (d) surroundings 

related issues and, learners related issues. 

The framework was used to design a proof-of-concept mobile application prototype, 

SmartC, as described in the next section. 

7 The design of a Proof-of-concept – A Mobile Application Prototype  

The framework was further analysed to pull out a set of general requirements (GRs) for 

designing such services. The identified general requirements guided the design of a proof-of-

concept, which highlighted what could be developed based on the framework. The set of 

general requirements with the related framework category (FC) are given below.  

Learner: 

GR1: The service should maintain a learner model.  

Content: 

GR2: The service should maintain a content object. 

Learning design:  

GR3: The service should support different types of learning and learning preferences. 

GR4: The service should support learning design that assists learners in organising their 

visit. 



GR5: The service should support learning on-the-move.  

GR6: The service should support learners to communicate with each other. 

Interaction design: 

GR7: The service should support an interaction design that suit learners. 

Context: 

GR8:The service should consider the context where, when and how people use a mobile 

app;  

Challenges and obstacles: 

GR9: The service should provide alternatives that suit learners to solve problems and 

challenges.  

Based on a subset of these requirements, a prototype mobile app of a context-aware 

service was designed for outdoor cultural heritage settings, SmartC. This native android app 

uses location-based services (LBS) to identify visitors’ location to allow the device to provide 

instant information on-the-move about nearby cultural heritage sites, in line with the purpose 

of smart environments: “a smart learning system can be perceived as a technology-enhanced 

learning system that is capable of advising learners to learn in the real-world with access to the 

digital world resources” Hwang [3]. 

Geo-fence technology was used, which is placing a virtual boundary around a 

geographical area. It works when a user enters or leaves the area, which is identified by latitude 

and longitude of the area [99]. The mobile device gets triggered when a learner enters that 

virtual zone, which it is tracked using the global position system (GPS) of the device. The 

device pushes a notification to alert the learner when he/she gets close to an attraction. 

Notifications are pushed via the app through the mobile-based interface and the glasses-based 

interface simultaneously when the mobile device gets triggered (see Figure 4). As an interesting 

aspect was raised in the field studies, which is seeing attractions how they appeared in the past, 

augmented reality (AR) technology was utilised to play this role. Additionally, wearable 

computing devices (smart eye glasses) was utilised to carry out a further investigation in 

context. SmartC uses Sony smart eye glasses to deliver notifications based on learners’ location 

simultaneously with the mobile.  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

The main features of the app, which responded to a subset of the general requirements, are 

given in the Table 3.  

 

 

                                 

The visitor starts the service by switching the notification ON and walks close to attractions 

(see Figure 5-a). An alert and a notification come up when passing nearby an attraction; an 

opportunity to see more details will be given if the visitor would like to (see Figure 5-b). A 

multimode information format is provided in the attraction’s page to present historical 

information (i.e. text, image, audio and video). In addition, a camera could be used to take a 

photo without leaving the app. Both services Video and Camera appear when pressing on the 

GRs Features Justification 

1 & 

5 

Receiving notification based on the current 

location through the mobile device and the 

glasses 

learning on-the-move; carry out 

further investigation 

1, 2, 

3, & 

7 

Having a multimode information format to 

present historical information (i.e. text, 

images, audio, & video) 

The favourite feature among 

participants 

2, 3 

& 7 

Providing a service to show how sites 

looked in the past. 

carry out further investigation in 

the context 

9 Error and process messages  Help users understand what is 

happening  

 

Table 3. Linking the features to the requirements and the justification for choosing them 

Figure 4. The SmartC architecture [1] 

 



More button (see Figure 5-c). Moreover, the app gives visitors an opportunity to see attractions 

as they looked in the past by providing the See-it-in-the-past feature. The See-it-in-the-past 

feature uses AR to attach an old image of a certain attraction on a live camera view when the 

device is facing the attraction (see Figure 5-d).        

 

 

 

 

 

 

 

 

The notification could also be viewed through the mobile device or the glasses. The smart 

eye glasses used with this app would enhance visitors’ engagements at sites and consequently 

enhance the experience, as well as frees their hands while walking around at the site (see Figure 

6). However, in this version of the app, the visitor needs to use the mobile phone to access the 

historical information. 

                         

 

 

 

 

 

 

 

As presented, SmartC provides features considered interesting based on the field studies, 

which some of them were introduced in other studies as mentioned earlier in section 1 and 3 

such as using AR and LBS for cultural heritage sites. However, none of the mentioned studies 

support learning on-the-move, where visitors receive information automatically while moving 

based on location regarding the sorrounding cultural heritage sites without any interfering from 

 

 Figure 6. SmartEyeGglasses-based notification’s interface [1] 

 

Figure 5. SmartC main screens – mobile based [1] 

 

 
 



them. In addition, SmartC provides a service to show attractions how looked in the past through 

a mobile phone and smart eye glasses, which none of the mentioned studies provides for 

outdoor settings and in combination with the learning on-the-move service. Utilising smart and 

wearable computing would be a great turn in interaction with the context of cultural heritage, 

which would enhance sites interpretation as well as visitors experience. The next section 

discusses the framework and outlines its contribution.  

8 Discussion 

Learning is always inspiring researchers to explore it further and introduce models and 

frameworks to assist practitioners and other researchers in the field of learning. A number of 

models and frameworks have been introduced to support informal learning in different 

contexts. Section 3 discussed learning models and framework in detail, which are summarised 

in this section to highlight their similarities and differences with the FoSLE framework.  

The discussion in the section 3 revealed that some presented models and frameworks 

showed some similarities with the proposed framework, FoSLE, in terms of  the context they 

were proposed for, which is outdoors cultural heritage, such as [100], supporting learning on-

the-move at outdoor settings, such as [3],  for interaction design [71, 100] as well as some 

others for supporting different aspects in informal/ lifelong learning contexts, such as  [57, 61-

63, 65, 67, 101]; however, none of them was introduced for supporting the particular need of 

learning on-the-move at outdoors cultural heritage, where variables such as noise and weather 

are not easy to control. Additionally, only few of them considered learners’ perspectives when 

formulating the models/frameworks, which could be an essential requirement for delivering an 

adaptive learning mechanism. Adaptive learning is an important aspect in such context as it 

would enhance engagement due to that learners/visitors are able to receive services based on 

their profile, context and location, which means the services could be adapted based on these 

aspects. Given that, each model/framework would not be sufficient alone for designing such 

services, which would need to be integrated with one or more models in order to provide a 

learning environment that has the essential elements for such services in such context.  

While our framework shares some aspects with the previous studies related to informal 

learning, including learner model, learning design and enhancing the learning process, it also 

identified a number of aspects that are essential for supporting informal learning at outdoor 

cultural heritage sites, which are not included in previous studies (See table 4), such as: (a) 

learning on-the-move, (b) the importance of content and its format (tying in with the 

entertainment aspect) and (c) interaction with context and specific challenges. In addition, 



unlike previous works, the use of wearable computing to support informal learning was 

investigated.  

Supporting learning on-the-move would be considered as an important type of learning in 

the current time, which helps learners keep up with the rapid pace of life. Learning in cultural 

heritage context has different needs in terms of content, activities and interaction to make it 

efficient and pleasurable, as learners see it as a form of entertainment and not necessarily 

learning. in terms of content, it is important to provide interesting information that is presented 

in an engagement way to contribute to enhance engagement, which would make the journey 

more interesting as we mentioned earlier, visitors perceive it as a pleasure trip. The FoSLE 

framework considers this aspect by providing  content model, which provides different types 

of information participants showed a great interest to, such as: how people back in time used 

to live, and how they managed to get through difficult time for instance. Additionally, the 

interaction between visitors and the context would bring a great pleasure to the journey if  

engaging services are provided based on the field studies. FoSLE suggests several levels of 

interaction, which would accommodate different charecterstics and needs; moreover, it 

suggests interactions’ materials that would be considered great tools to enhance engagement 

such as adopting smart eye glasses and immersive technologies. Smart eye glasses would 

enhance the interaction in terms of freeing visitors hands as well as give them an opportunity 

to receive information regarding attractions while at the same time associate their shight with 

the phisycal artefacts.  

FoSLE was designed to enhance visitors’ experience by considering all the aforementioned 

aspects alongside user profiles, which would also enhance visitors/learners’ engagement by 

providing adaptive learning.  Additionally, it utilises mobile and wearable technologies that are 

seen as important elements in supporting ubiquitous learning, which support people learn while 

moving regardless of time and place. Table 4 illustrates the differences in features between the 

proposed one, FoSLE, and similar models/frameworks.   
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FoSLE x x x x x x x x x x x x 

FoLL x    x x x     x 

Li’s  x   x      x   

Zhang’s  x         x   

Taylor  x  x x   x   x   

Nino’s x         x   

Saccol’s  x  x x x x x   x  x 

LOCAL x  x x x x x   x  x 

Candello’s x x  x    x x   x 

Saeed’s         x     

Hwang’s x  x x x x     x  

Based on the discussion so far, it is clear that there is a lack of models/frameworks that 

could support essential elements in designing informal learning services for outdoor cultural 

heritage sites. These aspects include: interaction design, designing a content object and also 

support different types of learning. In addition, none of the aforementioned models support 

learning on-the-move, where learners receive instant information regarding the surrounding 

sites based on location. 

9 Conclusions, Limitations and Further Work 

A theoretical framework, FoSLE, was introduced in this paper, which was resulted from  

three field studies and the investigation of theories of use. The framework consists of six broad 

categories: learner, content, learning design, interaction design, context and, obstacles and 

challenges. A set of general requirements was derived from the framework and translated into 

features and services to design a prototype mobile application with the following core features: 

Table 4. Comparison between FoSLE and other models/frameworks for informal learning 



(a) receiving notifications based on current location; (b) providing multiple ways of presenting 

historical information; (c) providing a service to show how attractions looked in the past using 

AR.   

FoSLE was designed to fill the gap in the literature in terms providing a sufficient tool to 

assist researchers and designers in such field, which included aspects needed in designing tools 

for enhancing learning experience in outdoor cultural heritage sites, which the review of 

literature showed a lack of such tools.   

To use this framework efficiently, researchers and designers are free to choose the part that 

better serves their design, or to use an element or more from each category to fulfil their design 

as there is no restriction for that. The main concept of it, is to make the design serves the learner 

in the best way to obtain a better learning experience at sites with the minimum challenges as 

possible. The framework provides information for developing such services to be implemented 

in a smart and ubiquitous learning environment (S-ULE) system, which the learner/visitor will 

use to interact with the real-world (i.e. outdoors cultural heritage contexts). The use of the 

framework is supposed to be through a set of general requirements, which then should be 

translated into features and service in a working system that will be used in an outdoor cultural 

heritage site. Figure 7 illustrates the process of translating the framework into S-ULE. The 

types of information that each category would provide are given below:  

 

• Learner: this category provides information regarding visitors’ characteristics and 

preferences based on users’ profile. 

• Content: this category provides information regarding user the types of information that 

serve this context in an interesting and engaging way. 

• Learning design: this category provides information regarding user types of experience, 

learning and learning preferences that would help drawing learners/visitors’ interest to 

take this learning opportunity in such context. Also, this category provides information 

regarding how services could motivate visitors to visit sites. 

• Interaction design: this category provides information regarding  types of services that 

would serve this type of contexts in an interesting and engaging way. Also, this category 

provides information regarding information format that could serve this service, which 

would enhance engagements. Additionally, it provides information regarding how the 

experience could be more interesting in such a context.      

• Context: This category provides information regarding the different types of context 

and how could this support the experience in a positive way. 



• Challenges and obstacles: This category provides information regarding the challenges 

that might be encountered in such context with the aim of preventing them.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, FoSLE encountres some limitation, which include:  

1) The convenience sampling method might not allow generalising the framework 

due to the nature of the sample, as it may not be representative of the entire user 

population.  

2) Although participants were from different nationalities and background, most of 

them were residents in the UK, which may have introduced a cultural bias.  

3) The categories might not cover absolutely every aspect in the design as some were 

notwidley included in the research such as technical aspects of the design, which 

only mentioned as challenges.  

4) The proof-of-concept responded to a sub-set of the general requiremnts, which 

more GRs need to be included. 

5) The “See it in the past” feature that uses AR, is limited to use a static 2D image to 

show how attarcations looked in the past. 

 
Figure 7: A graphical illustration of the proccess of translating FoSLE to  a working system 

 



6) The use of wearable computing was limited to smart eye glasses, more wearable 

devices could be included 

7) The use of smart eye glasses is limited to show the notification 

Therefore, to address these limitations: 

1-  An extension to this work would be the replication of the study with more participants 

using different sampling methods and broadening the research context to more 

countries. Addionally, include more aspects in the research such as the technical side 

of the design. 

2- Enhance the proof-of-concept, SmartC to include more GRs in the design the proof-of-

concept.   

3- Enhance the “see in the past” feature to include a 3D construction of the attraction to 

show how these looked in the past from different angles. 

4- Extend the features of SmartC to be included in the Smart Eye glasses and include more 

wearable devices.  

These would be good directions to be investigated further.  

We envision to carry out further research includes the evaluation of the prototype in the 

field with experts of cultural heritage, human computer interaction (HCI) and end-users, which 

will help enhance the current version of the framework. Ethnography research will be used in 

the field using a combination of observation and interview techniques alongside the cognitive 

walkthrough method for the experts’ study and ISO metric questionnaire for the user study.  
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