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Abstract: This paper introduces Adaptemy, a smart, personalized and adaptive learning environment 

for classrooms. Adaptemy is constructed on existing research and aims to build the next generation 

classroom. It provides an adaptive and personalized learning experience, improves the learning 

outcomes, creates a fun and engaging learning experience, and empowers the teachers. Adaptemy is 

currently piloted in over 60 schools in Ireland. The goals of this paper are to illustrate the main 

components of the Adaptemy environment as well as the preliminary results of the pilot study. 

 

Introduction 
 

 The rapid development in technology changed the way we use it in every domain of our life. In the 

educational domain, technology gained an important role being present in more and more classrooms and learning 

environments (Chen, Chang, Chien, Tijus, & Chang, 2015; Gurung & Rutledge, 2014). Various technologies and 

learning environments were developed in order to bridge the gap between the traditional learning process and the new 

learners’ generation that use and manipulate technology easily. 

Nowadays, most institutions use learning management systems to provide their courses and content for all 

students (Howlin & Lynch, 2014). However, they deliver their content and courses in the same structure and 

composition despite the fact that learners are different, have different knowledge levels, different motivation and 

different learning styles and preferences (Ghergulescu & Muntean, 2010, 2014b). Moreover, governmental institutions 

and campuses across the globe are increasingly recognizing that the one-size-fits-all approach to teaching alienates 

both students that are struggling and strong students (Forbes, 2014; Johnson, Adams Becker, Estrada, & Freeman, 

2015). Today’s classroom teachers are challenged not only to reach the digital learners’ generation, but also to 

facilitate learning equally to struggling and strong students and to keep them all engaged and motivated (Tyner, 2014). 

In this context, there is an increasing need for smart learning environments and classrooms that support 

personalized learning and engage students. Furthermore, there is a need for empowering the teachers with the help of 

effective tools and dashboards (Johnson et al., 2015) and make them effective coordinators of adaptive and 

personalized learning.  

The Adaptemy solution provides learning companies and institutions with a proven and workable 

personalized learning solution for todays’ classroom. The Adaptemy system makes use of the RealizeIT Engine and 

ecosystem that provides adaptive learning experiences to individual learners (Howlin, 2013; Howlin & Lynch, 2014). 

By using RealizeIT Engine, Adaptemy provides adaptation and recommendations in terms of both content and learning 

activities that best suit each learner. Adaptemy adds new adaptation and personalization layers such as: difficulty level 

adjustments within a session, classroom profile-based adaptation layer, and feedback and reward personalization. 

Furthermore, Adaptemy adds a simplified learning delivery workflow for K-12 learners. Adaptemy is currently piloted 

in over 60 schools for K-12 students learning mathematics and preparing for the Junior Certificate in Ireland and the 

General Certificate of Secondary Education in Northern Ireland. 

This paper presents the main components of the Adaptemy smart learning environment, as well as the 

preliminary results of the pilot study. The paper is organized as follows. Section 2 presents the literature review that 

represented the foundation of Adaptemy. Section 3 describes the Adaptemy system and Section 4 presents the pilot 

study and the preliminary results while Section 5 concludes the paper. 

 

Related Work 

 
The need for delivering the most suitable learning content and path is well known and it is an active area of 

research since 1990 (Brusilovsky, 2012). Both the areas of Intelligent Tutoring Systems (ITS) and Adaptive eLearning 

Systems (AeLS) went through significant development and investment (Nye, 2014). 



 

 

AeLSs are mainly hypermedia systems that adapt and personalize the educational content and other aspects 

of the learning environment in order to match individual learners (Brusilovsky, 2012). The typical architecture of an 

AeLS consists of a Doman Model, User Model, Adaptation Model and Adaptation Engine. The educational content 

is structured in a Domain Model where concepts are organized in a hierarchical structure and where relationships exist 

between concepts. The profile of an individual is structured in a User Model that contains information about the 

learner’s knowledge, goals, preferences, skills, learning style, etc. All the rules used during both content and 

navigation personalization processes are organized in an Adaptation Model that is used by an Adaptation Engine 

(Brusilovsky, 2012).  

ITSs are educational systems that contain an artificial intelligence component that tracks student work, 

inferences strengths and weaknesses, tailors feedback, hints and suggests work (Mitchell & Howlin, 2009). The main 

components of a typical ITS architecture are Domain Model, Student Model and Tutoring / Pedagogical Model (Ahuja 

& Sille, 2013; Conati, 2009). The Domain Model (or the Knowledge Model) deals with what to teach and consists of 

concepts (or knowledge items), organization, and problem solving. The Student Model is an overlay of the Domain 

Model that describes the student knowledge and skills. The Tutoring Model deals with how to teach and derives 

pedagogical activities and learning paths based on the current state of the student knowledge and based on the Domain 

Model.  

The state of delivering intelligent, adaptive and personalized learning experiences through AeLS and ITS 

was marked by the development of various frameworks for the domain model with its content (e.g., De Bra et al., 

2003; Falmagne, Koppen, Villano, Doignon, & Johannesen, 1990; Howlin & Lynch, 2014; Nkambou, Frasson, & 

Frasson, 1996), the development of question metrics used to characterize the content ( e.g., van der Linden et al., 

2000), the development of methods for building a learner/student model (e.g., Brusilovsky & Millán, 2007; Nkambou 

et al., 2010), the development of mechanisms for content and learning paths recommendation (Hong, Chen, & Chang, 

2005), as well as methods and mechanisms for automatic question generation (Liu, Calvo, & Rus, 2010).  

A number of AeLS and ITS systems were proposed and successfully tested within different educational 

institutions over the past years (for reviews see Ahuja & Sille (2013) and Brusilovsky (2012)). However, despite 

leading to high learning outcomes and showing a high performance in delivering adaptive and personalized learning 

experiences, the systems struggled to reach wide scale adoption (Brusilovsky, 2012; Nye, 2014). The main drawbacks 

are the inability to meet the needs of practical Web-enhanced Education (Learning Management Systems), to support 

the needs of various teachers and trainees (Brusilovsky, 2012), to overcome existing barriers of Information 

Communication Technologies (ICT) (Nye, 2014), and the inability to reach today’s learner generation.  

In order to reach each individual learner, Adaptemy built on previous work in the area of Adaptive Intelligent 

Tutoring Systems. In order to reach and engage each learner, Adaptemy builds on well-known engagement and 

motivation frameworks (self-determination – (Ryan & Deci, 2000), self-efficacy (Bandura, 2006), flow 

(Csikszentmihalyi, 2014) and self-awareness), and on previous research in the area of non-invasive motivation 

monitoring (Ghergulescu & Muntean, 2011, 2012, 2014a) and gamification (Seaborn & Fels, 2015) . In order to 

overcome teachers’ needs and challenges (Nye, 2014; Tyner, 2014), Adaptemy builds on the latest research in tools 

for classrooms (McFarlane, 2014) and educational dashboards (Yoo, Lee, Jo, & Park, 2015).  

 

Adaptemy System 

 
 Adaptemy is a smart learning environment to be used in classrooms. Adaptemy makes appropriate 

adjustments and recommendations based on the student profile and knowledge of the subject, and provides an adaptive 

and personalized learning experience. Adaptemy creates a fun and engaging learning experience, provides feedback, 

shows relevance, and develops confidence and satisfaction. Additionally, it empowers the teacher by providing a 

number of tools for class monitoring, management and reporting and assists schools in the transitions to the digital 

classroom. Due to Adaptemy’s generic architecture, it could be used as a standalone educational technology for 

learning, practice, revision or e-assessment as well as to complement existing programs and textbooks and teaching 

practices. Figure 1 presents the high level architecture of Adaptemy. Adaptemy builds on the architecture of AeLS 

and ITS and makes use of the RealizeIT Engine and ecosystem that provides adaptive learning experiences to 

individual learners. Adaptemy contains a Domain Model with a separation between content and curriculum, a learner 

model, and 3 layers of adaptation and personalization. The content creators engage with the Adaptemy solution 

through an authoring tool, the student engage in adaptive and personalized learning experiences using various learning 

activities, while the teacher are empowered through various teacher tools. More details about its components are 

presented in the following sub-sections. 



 

 

 

Figure 1. High-level architecture of Adaptemy 

Content and Curriculum Organisation 

 Adaptemy follows the Framework for the Delivery of Personalized Adaptive Content (DPAC) (Howlin & 

Lynch, 2014) used also by the RealizeIT platform. The DPAC framework distinguishes between curriculum and 

content, with the two being independent. 

The curriculum is defined by specifying knowledge items and the hierarchy, prerequisites & relationships 

between knowledge items. The curriculum is represented by a hierarchy structure and a curriculum prerequisite 

network. The hierarchical organisation of the curriculum (i.e., strands, topics inside a strand, concepts inside a topic, 

and sections inside a concept) will further facilitate an easier navigation and higher granularity for the assessment. 

The curriculum prerequisite network contains all the prerequisite relationships between the knowledge items (i.e., the 

knowledge items “Multiplication and Division of Integers” are prerequisites for the knowledge item “Order of 

operations”). In this way the teachers and learners use a curriculum-aligned solution that measures progress, shows 

the relevance of each knowledge item and drives goals.  

The content is defined for each knowledge item, supports various content formats (ranging from text to audio, 

video and animations), and is applicable to any learning domain. This enables various and unique learning experiences 

that can be adapted to different teaching and learning styles. The content is divided into pieces of learning materials 

(e.g., introduction, presentation, work examples, etc.,), and questions. The questions are defined using generic data 

structures which are used to represent question forms. The question form is used to generate a question at runtime, 

enable more practice and minimise the possibility of students gaming the system. 

Adaptemy makes use of the DPAC existing metadata annotation to the content by which the author might 

specify attributes and other preconditions for the content. Furthermore, a content profile is built based on discovered 

patterns in the data usage.  

Adaptemy adds to the DPAC framework another layer of metadata annotation to both the content and 

curriculum in order to permit various versions of the same class based on the school or teacher needs and requirements, 

while modelling and maintaining a classroom profile for each class version. This enables that content and curriculum 

are created once and the most suitable knowledge items and content are delivered to each student. An authoring tool 

is available in order to ease the content creation. 

Adaptation & Personalisation Engine 

Adaptemy’s Adaptation and Personalisation engine is a layered adaptation engine. The output from one layer 

serves as input to another layer. On the first layer, there is a classroom profile-based adaptation that inferences and 

triggers the most suitable curriculum, content version and profile of the dynamic difficulty adjustment that is done 

inside a concept. This will enable the delivery of learning experiences (learning, practice, assignments, revision, etc.) 

at appropriate challenge. The classroom profile-based adaptation is done based on the class version profile through 

the metadata annotation. The inclusion or exclusion of a student from a class version is done by the teacher through 

the interface.  

The second layer – learning path adaptation makes use of triggers from the first layer and of RealizeIT’s 

Artificial Intelligence Engine (AIE) (Howlin, 2013) that is used to generate learning paths for each student. AIE learns 



 

 

about the student, content and curriculum and uses ability metrics that are constantly measuring and updating the 

learner’s profile for each concept. By using ability estimates, engagement towards mastery will be triggered. 

Furthermore, the AIE adapts the content to student’s abilities, behaviour and preferences and dynamically develops 

each student’s learning path to the curriculum, while taking into consideration the classroom profile. The adaptive 

intelligent engine makes use of well known Artificial Intelligence and Data Mining algorithms (Howlin, 2013). 

Adaptemy communicates with the Realize AIE through a series of web services via an API. 

The third layer - feedback and reward personalization adapts the rewards and personalizes the feedback based 

on learner performance and real-time behavior monitoring and analysis. Adaptemy includes a gamification reward-

based system of “sparks”, “skillpoints” and “honours” that provides recognition of effort, skills and goals in order 

improve student engagement. Adaptemy makes use of primary metrics such as time spent learning and number of 

concepts completed as well as secondary metrics such as spark points and skill points. The sparks points are given as 

a recognition of student’s effort for different events related to usage, time spent in a content delivery activity, concepts 

completed and assignments completed. Skill points show how strong a student is or how much a student mastered. 

Honours are special badges for unique achievements. Adaptemy gives personalized feedback based on learner profile 

and performance as well as encouragements to keep the student engaged and increase their confidence. After working 

on a concept, the system will give feedback on their session performance (number of correct and number of incorrect 

questions, their score) and concept performance (their grade and status). Furthermore, through this layer, Adaptemy 

provides adaptive and personalized feedback and learning experiences that aim to engage learners and increase their 

confidence. 

Student navigation and engagement  

Engaging and motivating students is an essential part of delivering improved learning outcomes, and Adaptemy 

reaches each student by providing personalised journeys that are tailored to student needs and provides appropriate 

challenge, enabling engagement towards mastery. Furthermore, the system provides an easy to understand summary 

of progress and navigation. The student interface resembles a familiar textbook table of content, where the students 

can view and select content from all topics or from a strand (e.g., Statistics and Probability; Geometry and 

Trigonometry; Numbers; Algebra; Functions). After selecting a topic (e. g. Decimals and Percentages), the student 

will see a list of concepts and their current grade in each. 

Various activities are available to students. Students can choose to learn, revise, practice, or complete 

assignments that are related to a particular concept on the curriculum. Choosing “Recommended for You” will allow 

the student to complete activities that are part of Adaptemy’s recommended learning path based on their current skills 

and abilities. Alternatively, students can choose to explore other concepts and Adaptemy will suggest an activity and 

provide the relevant content based on the adaptation and personalisation engine. In the journey within a concept, the 

student is provided with feedback, hints, encouragements, and coaching in order to enhance their awareness of their 

own progress, improve learning, and increase motivation. During the journey within a concept, the students are 

presented with content and questions to solve along with hints and solutions after entering their answers. Figure 2 

illustrates the interface where a question is displayed, the student answered the question and the solution is displayed.  

 

Figure 2. Example of a question and the presented solution 



 

 

At the end of a journey within a concept, students are presented with a summary of their results, a grade indicating 

their ability in relation to the concept, and encouragement at the end of each activity. The system will also display the 

student’s overall progress in terms of effort, skill, and progress points and recommend the next concept in their journey 

(see Figure 3).  

 

 

 

Figure 3. Feedback on exit splash screen 

The students are provided with visualisations of their rewards both in a summative method and over time. The students 

are presented with visualisations to enhance self-awareness of progress and to show relevance. A map of each topic 

is provided in order to increase the student’s motivation and illustrate the relationships between concepts. Each topic 

map contains the name of the concept, the student’s current grade, and the relationships between topics. 

 

Figure 4. Print screen of a Topic Map for a topic 

Investigating the topic map illustration from Figure 4, the student could observe that the MuDiv (Multiplying and 

Dividing Decimals) concept is not completed and the knowledge from that concept is used in another concept- RTDeR 

(Recurring and Terminating Decimals, Rounding and Significant Figures), where the student got a C. 

Teacher Tools 

One of Adaptemy’s goals is to empower the teacher. Adaptemy empowers the teacher by providing real-time 

monitoring and analysis with different tools. The four main tools available in Adaptemy are: Live Class Tool, Setting 

Assignments Tool, Class Management Tool and Reports Tool (see Figure 5). 



 

 

 

 

Figure. 5. Print Screen of Teacher Dashboard illustrating the main teacher tools 

The first tool, Live Class (see Figure 6) provides a real-time oversight and surveillance tool that gives an overview of 

the class and detects possible problems.  

 

Figure. 6. Live classroom view 

The tool indicates what activity is being performed by each individual student through labels and colour codes. Green 

indicates that the student is working on a topic, purple indicates that the student is on the Adaptemy website, orange 

indicates when a student is browsing other websites, red indicates when a student sent the teacher a message, grey 

indicates that the student has not logged into the session.  

The second tool, Class Management enables the teacher to perform student account management operations 

such as to reset passwords, remove student (account) from the Adaptemy class and to manage the enrolment code. 

The third tool, Setting Assignments allows teachers to set assignments for students through the system. Using 

the tool, a teacher could personalise the assignment and specify different elements such as start and end dates, the type 

of assignments based on time and number of concepts, topic, etc. The tool provides overall information such as the 

number and name of students that completed the assignment, number and name of students that are in progress and 



 

 

number and name of students that did not start to work on the assignment. Furthermore, the tool provides a detailed 

report that contains information about each individual student regarding metrics such as: time spent, improvement and 

progress made, grade and current concept working on, etc. 

The Reports tool provides the teacher with comprehensive reports about the students. The teacher could select 

the time granularity (e.g., today, yesterday, last 7 days, last 30 days, this month, custom range, etc.) and content 

granularity (e.g., all topics, an individual and specific topic). The tool provides reports about the entire class or about 

individual students. The reports about the entire class for all topics make use of metrics such as Time Spent (in 

minutes), Sparks, Concepts Completed, and Skill points (see Figure 7). 

The report tool also provides detailed reports of each activity for each student (e.g., each activity took place, 

the type of activity and the concept name, the time spent in minutes and the outcome of each activity (i.e., abandon, 

saved, success, fail). 

The teacher tools enables the teachers to monitor both the progress of the entire class and of the individual 

students. The reports enables teachers to identify both students and concepts at risk and to reach each student and 

concept and to set objectives in order to cover the curriculum at a high performance.  

Pilot Study 

A large scale pilot study was conducted in order to study the feasibility of the Adaptemy system and of the 

current solution’s integration in the classroom. Before entering in the pilot study, a teacher had to agree to allocate 

20% of their weekly classroom time on Adaptemy. Furthermore, the school was required to have one device per 

student and Internet access through a modern web browser. The pilot study started in September 2014 after a recruiting 

campaign.  

62 schools from Ireland and Northern Ireland (see Figure 7 for a map of schools locations) and 2691 students 

have taken part in the pilot study. Using Adaptemy for one class session per week and the assigned homework, students 

have answered 170,000 questions, completed 600 classroom sessions, learned over 15,000 new concepts, and engaged 

in over 6,300 hours of learning.  

 

Figure 7. Schools' locations for Pilot Study 

 

The pilot study has shown a big success and demonstrated the feasibility of using the Adaptemy system and its solution 

for integrating it into the classroom. During the pilot study, both teachers and students engaged using Adaptemy in 

the classroom and at home. The system engaged the students towards mastery, enabled them to learn, practise, revise 

and improve their learning outcomes and skills. During the pilot study, the students’ academic effort and learning 

indicators were automatically assessed and logged by the system. The results of students’ academic effort and of their 

learning are presented in Figure 8 by the cumulative learning indicators. Time was used a measure of their engagement 

with the system. Concepts completed was used as a measure of their knowledge (a concept is considered completed 

if the student received a grade higher than 60% in the assessment for that concept). Sparks were used to illustrate their 

effort and skill points were used as a measure of their maths ability. An increasing trend over time was seen for all the 

four learning indicators.  



 

 

 

Figure 8. Cumulative Learning Indicators 

A subjective survey was conducted during the pilot study. The survey was given to the teachers participating in the 

pilot study. The survey was distributed using an online questionnaire and received 34 responses. The results of the 

teacher survey shows the feasibility and the positive attitude towards the adoption of Adaptemy in the classroom. 

The teachers identified and acknowledged the greatest advantages of Adaptemy for teachers such as increased 

student engagement, curriculum specific content, live classroom, relevant technology for the classroom and 

individual progress reports, etc. (see Table 1).  

Table 1. Teachers’ responses: What are the greatest advantages of Adaptemy for teachers? Each teacher identified 3 

greated advantages of Adaptemy for teachers. 

Answer Choices Responses 

(Percentages) 

Responses 

(Number) 

Increased student engagement 55.88% 19 

Curriculum specific content 47.06% 16 

Live classroom view 44.12% 15 

Relevant technology for the classroom 44.12% 15 

Individual progress report 32.35% 11 

Class progress reports 26.47% 9 

Automated homework management 17.71% 5 

Threshold questions 8.82% 2 

Topic specific discussions 5.88% 2 

The teachers also identified and acknowledged the greatest advantages of Adaptemy for students such as: Engagement 

through technology, immediate feedback, worked solutions, curriculum relevant content, personalised learning paths, 

etc (see Table 2). Furthermore, 97% of teachers believes that students enjoy using Adaptemy (see Table 3). 

Table 2. Teachers’ responses: What are the greatest advantages of Adaptemy for students? Each teacher identified 3 

greated advantages of Adaptemy for students. 

Answer Choices Responses 

(Percentages) 

Responses 

(Number) 

Engagement through technology 61.76% 21 

Immediate feedback 58.82% 20 

Worked solutions 52.94% 18 

Curriculum relevant 38.24% 13 

Personalized learning path 35.29% 12 

Spaced repetition 8.82% 3 

Threshold questions 8.82% 3 

Attractive interface 8.82% 3 

Interleaved concepts 5.88% 2 



 

 

Table 3. Teachers’ responses: Do you believe that your students enjoy using Adaptemy? 

Answer Choices Responses 

(Percentages) 

Responses 

(Number) 

Yes 97.06% 33 

No 2.94% 1 

The results also shows that teachers would use Adaptemy in the classroom, and 97% of teachers would use it at least 

once per week and 35% of the teachers would use it several times per week (see Table 4). 

Table 4. Teachers’ responses: In an ideal world how would you use Adaptemy in the classroom? 

Answer Choices Responses 

(Percentages) 

Responses 

(Number) 

Every day 2.94% 1 

Several times per week 32.35% 11 

Once per week 61.76% 21 

Every other week 0.00% 0 

Once per month 2.94% 1 

Never 0.00% 0 

 

Conclusions 

 
Today’s learners have changed, they belong to a Digital Generation that use and manipulate technology very 

easily. Despite the advanced technological developments in the areas of educational technology (e.g., Adaptive E-

Learning Systems, Intelligent Tutoring Systems), the educational technologies are not fully adopted as they do not 

overcome existing barriers and fulfil both students and teachers’ needs (Brusilovsky, 2012; Nye, 2014).  

Adaptemy, a smart personalized learning environment, is developed based on existing research in the area of 

educational technologies, student engagement and motivation and aims to support and build the next generation 

classroom. The main goals of Adaptemy are: (i) to create a fun, motivating and engaging learning experience (ii) to 

provide an adaptive and personalized learning experience by making appropriate adjustments and recommendations 

based on student profile (e.g., ability, level, knowledge, etc.), (iii) to empower the teachers and (iv) to assist schools 

in the transition to the digital classroom. Due to Adaptemy’s generic architecture, it could be used as a standalone 

educational technology for learning, practice, revision or e-assessment as well as to complement existing programs 

and textbooks and teaching practices.  

Currently, Adaptemy is piloted on a large scale with over 62 schools from Ireland and Northern Ireland and 

over 2691 students. The preliminary results of the pilot study have shown a high engagement, commitment and 

increased learning outcomes. Furthermore, the results from a subjective teacher-based survey showed high acceptance 

with over 97% of teachers willing to use Adaptemy every week and believing that students enjoy using Adaptemy. 

Future work will address a comprehensive evaluation of the pilot study and improvement of the system using the 

feedback of the pilot study. 
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