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Abstract. Higher Education Massive Open Online Courses (MOOCs) introduce 
a way of transcending formal higher education by realizing technology -

enhanced formats of learning and instruction and by granting access to an 

audience way beyond students enrolled in any one Higher Education Institution. 

However, although MOOCs have been reported as an efficient and important 

educational tool, there is a number of issues and problems related to their 
educational impact. More specifically, there is an important number of drop 

outs during a course, little participation, and lack of students’ motivation and 

engagement overall. This may be due to one-size-fits-all instructional 

approaches and very limited commitment to student-student and teacher-student 

collaboration. This paper introduces the development agenda of a newly started 
European project called “colMOOC” that aims to enhance the MOOCs 

experience by integrating collaborative settings based on Conversational Agents 

and screening methods based on Learning Analytics, to support both students 

and teachers during a MOOC course. Conversational pedagogical agents guide 

and support student dialogue using natural language both in individual and 
collaborative settings. Integrating this type of conversational agents into 

MOOCs to trigger peer interaction in discussion groups can considerably 

increase the engagement and the commitment of online students and, 

consequently, reduce MOOCs dropout rate. Moreover, Learning Analytics 

techniques can support teachers’ orchestration and students’ learning during 
MOOCs by evaluating students' interaction and participation. The research 

reported in this paper is currently undertaken within the research project 

colMOOC funded by the European Commission.  



1   Introduction 

Understanding and designing with d igital technologies has become a relevant 

competency across disciplines. Computational thinking and programming skills 

become increasingly important - also for non-programmers. European univers ities 

trail behind in o ffering these transversal competencies for students beyond the domain 

of computer science. Likewise, the current European Workforce often needs further 

training for dig ital literacy. For example, in-service teachers have a need to learn 

about instructional technologies that were not present during their study times. Last 

but not least, becoming dig ital literate may be a crucial springboard for unemployed 

groups with little  access to higher education, e.g. single parents  [1].  

    To help face these challenges, Higher Education Massive Open Online Courses 

(MOOCs) [2] arose as a way of transcending formal higher education by realizing 

technology-enhanced formats of learn ing and instruction and by granting access to an 

audience way beyond students enrolled in any one Higher Education Institution 

(HEI). However, the potential for European HEIs to scale up and reach an 

international audience of diverse backgrounds has not been realized yet. MOOCs 

have been reported as an efficient and important educational tool, yet there is a 

number of issues and problems related to their educational impact. More specifically, 

there is an important number of drop outs during a course, little part icipation, and lack 

of students’ motivation and engagement overall. Th is may be due to one-size-fits-all 

instructional approaches and very limited commitment to student-student and teacher-

student collaboration. 

    This paper introduces a new European project called colMOOC that aims to 

enhance the MOOCs experience by integrating (i) Collaborative settings based on 

Conversational Agents (CA) both in synchronous and asynchronous collaboration 

conditions; (ii) Screening methods based on Learning Analytics (LA) to support both 

students and teachers during a MOOC course. The colMOOC pro ject aims also to 

reinforce European leadership by forming recommendations and policy guidelines. 

Conversational pedagogical agents guide and support student dialogue using natural 

language both in indiv idual and collaborative settings [3][4]. CAs have been produced 

to meet a wide variety of applicat ions and studies exploring the usage of such agents 

have led to positive results. Integrating this type of CAs into MOOCs is expected to 

trigger productive peer interaction in discussion groups and, therefore, to considerably 

increase the engagement and the commitment of online students , reducing 

consequently, the overall MOOCs dropout rate. Moreover, this project proposes to 

use LA techniques as a method to support teachers’ orchestration and students’ 

learning during MOOCs by evaluating students' interaction and participation.      

     A relevant operative goal of the colMOOC project is to develop specific 

MOOCs for students of the humanities as well as employees and the unemployed to 

develop digital competencies that have not been covered in basic, mono -disciplinary 

studies. MOOCs are considered one of the key tools to address the problem of d igital 

illiteracy and equal access to education. MOOCs have shown to not only provide 

expert and up-to-date knowledge to anyone with internet access, but have also 

repositioned Universities as beacons of knowledge with impact on society at large  [5]. 

Therefore, the main motivation o f the pro ject is to develop MOOCs that would 

capture the interest of different target groups and develop transversal digital 



competencies in specific fields of burning, immediate needs for digital literacy. 

However, developing MOOCs for lifelong learning that capture the interest of 

university students, employed and unemployed adults requires innovative, engaging 

and motivational learning methods. To this end, collaborative learn ing arrangements 

and format ive feedback can not only improve students’ performance, but also 

minimize chances of dropout and foster engagement. There is an intense need to 

provide such collaboration settings to enhance active participation and social skills  

[6]. To ach ieve this, the project will employ collaborative activ ities supported by CA. 

    Considering the above, the main  prio rity tackled in the co lMOOC pro ject 

identifies that there is a need to make MOOCs more collaborative in order to support 

teachers and engage and motivate students. Moreover, it is critical to ensure that 

assessment in MOOCs will monitor individual ach ievement and demand constant 

engagement [7]. Each learner performs specific individual and collaborative activ ities 

during a MOOC course, while his/her performance can be more easily measured and 

assessed as opposed to a traditional learn ing setting where individual contributions to 

a work project  are usually unknown or d ifficu lt to assess. Furthermore with the usage 

of learning analyt ics more meaningful assessment may be achieved, since educators 

can evaluate the work’s progress during each step and adapt the following steps 

accordingly. This also enables learners to reflect on each specific step and ensure they 

have obtained the necessary knowledge to progress effectively. Therefore, the 

project’s outcome will allow educators and trainers to apply learning processes where 

learners participated actively and are engaged throughout the course. 

     The remainder of the paper is structured as follows: Section 2 rev iews the key 

topics forming the context o f the p roject and in part icular the drawbacks and 

challenges of MOOCs. Section 3 shows the project methodology with the aims and 

work plan while Section 4 shows the expected results of the project. Finally, Section 5 

summarizes the main  ideas of the paper and outlines the following steps of the 

colMOOC project.  

2 Background  

Supporting MOOCs implies to identify the drawbacks, problems and several user 

requirements that they have not yet addressed. Since top-ranked  academic community 

joined the MOOC hype, academic sectors have hold controversial discussions on the 

many MOOC challenges that must be faced before moving on  [8][9][10]: (i) high 

learners´ dropout rate, with only 5% to 15% of participants finishing the courses on 

average; (ii) limited teaching involvement during delivery stages; (iii) lack of 

adaptability to a great variety of specific needs. 

     The colMOOC project aims to provide innovative ways for p romoting learners’ 

interaction by enabling the teacher to configure a CA software component which 

attempts to trigger learners’ discussion through appropriate interventions in  dialogue-

based collaborative activit ies. The development of the agent will consider all current 

research evidence on the value of both ‘Academic Productive Talk’ [18] and the 

‘Transactive dialogue’ [19] frameworks as forms of productive peer dialogue. The 

main functional features of the agent component include: (a) a user friendly interface 



based on the concept map metaphor, for the instructor to easily model the knowledge 

domain necessary for the agent intervention and also configure the agent behaviour 

during students’ discourse; (b) an appropriately designed MOOC interface for 

students’ synchronous and asynchronous online discussions, where the agent also 

appears and intervenes in the discussion aiming to trigger productive students’ social 

interaction, domain focused cognitive activity and deeper learning.  

     Assessment in MOOCs is about supporting student learning and achievement  

[7]. MOOCs bring a new dimension to assessing such large number of learners. The 

automated assessments that have evolved in recent years are specifically targeted to 

assess and evaluate the large enrolments since it is not possible to manually grade and 

provide feedback to all the learners. Learners can be assessed on time-on-task; 

learner-course component interaction; and a certification of the specific skills and 

knowledge gained from a MOOC [11]. While not the primary aim, these assessment 

techniques will provide an added incentive fo r the learners to persist and complete the 

MOOC.  

    Ultimately, the satisfaction gained from complet ing the course can be potential 

indicator of good learning experiences. Conversely, enhancing the learning 

experience can contribute to improving the MOOC completion rates  [5][]. As a result, 

assessment techniques that permit customization of content catered to the individual 

learner can track learner behavior and predict learn ing outcomes. Such a technique 

will further assist in developing and refining assessment procedures for improving 

learning outcomes. The colMOOC project will enhance MOOCs capabilit ies to this 

direction by explo iting LA based on previous projects and experiences  [12][13].  

3 Project methodology 

In this section we present the project methodology, including a b road description of 

the project aims and the work plan, including the evaluation activit ies .  

 

3.1 Project aims and objectives 

 

The colMOOC pro ject aims to deliver a highly innovative and beyond the current 

state-of-the-art MOOC model and implementation with the integration of services 

based on CA and LA. Especially for the CAs, it is emphasized that the latest studies 

systematically indicate that agent interventions during peer interaction (i.e. online 

discussions) trigger task relevant cognitive activity that leads to improved learning 

outcomes at many levels (domain-specific and domain-independent) [14][15][16]. 

The agent interventions are modelled  according to what is known as "Academically 

Productive Talk" (APT) framework, which essentially refers to modelling the 

experienced teacher’s “moves” (interventions) during students’ dialogue to make 

students elaborate in the domain [17]. The learning experience that this type of agent 

provides to students is similar to having one more partner in their group trying to 

respond to this partner’s prompts.  

    The strategic goal of the project is to make a significant contribution towards 

European universities in their development towards knowledge service providers to 



the economy and society at large and to target the now transversal competencies of 

programming, computational and design thinking as well as concrete application of 

new technologies for teaching. While the EU universities jointly offer a high level of 

education, they trail behind in offering novel and transversal competencies as well as 

in developing joint and novel approaches to MOOC education.  

    Ultimately, the project aims to provide novel methods for teaching and learning 

to address the problem of attrit ion in  online learning. These goals will be achieved by 

pursuing the following objectives:  

 

 Develop new learning and teaching methods for MOOCs , build ing on novel 

technologies in co llaborative learning, such as CAs, that are capable of 

boosting learner interaction and facilitate learners’ self-regulat ion and –

assessment.  

 To promote innovative solutions to current and future challenges and for 

sustainable impact on Europe’s education and training  systems by granting 

open access to the CAs built within the project. 

 To demonstrate and validate the built capacity for innovative teaching and 

learning methods and mainstream them to the existing education and tra ining 

systems, by the design, execution and assessment of several pilots that 

orchestrate individual and collaborative learning activ ities.  

 Spread the best practice pilots built in the project to all participating 

universities and other economic and societal stakeholders (educational 

authorities and civil society organizat ions for further t rain ing for the 

unemployed, businesses for further train ing of the workforce) as well as 

granting access to the MOOCs on European and national providers for free, 

openly accessible MOOCs, e.g., platform.europeanmoocs.eu.  

 

    The applicat ion of the results in multip le countries and large number of users 

will co llect  and analyze substantive evidence on our approaches. The usage of a well-

established pedagogical model and the gathering, processing and analysis of the 

generated data with novel LA tools will provide informat ive evidence that can set the 

foundations for future concrete methodologies. These methodologies will foster 

participatory learning in a structured environment where learners will be ab le to 

develop transversal as well as domain-specific skills, becoming equipped for their 

future employability.  

    Finally, the colMOOC pro ject will enforce market stakeholders in educational 

technology sector with new tools and methods. 

 

3.2 Starting point 

 

The experience and results achieved from two relevant research projects [13][14] will 

input colMOOC regarding the development of the main components of CA and LA. 

These projects are briefly described here: 

 

1. ICT-FLAG (Enhancing ICT education through Formative assessment, 

Learn ing Analytics and Gamificat ion) [13]. The main goal of this pro ject 

was to design and build  a set of eLearn ing tools and services to provide 



support to the learning process in university degrees in the field of ICT . The 

benefits had a repercussion on the students (improvement of the educational 

experience, greater participation and performance, lower drop-out rate) and 

on the lecturers, managers and academic coordinators (resources for 

monitoring a course, making decisions and predictions). To  achieve thes e 

benefits, the contributions of this project focused on three axes:  

 Tools for Format ive Assessment, which provided immediate 

feedback by means of automatic assessment.  

 Learn ing Analytics that monitored the act ivity and the progress of 

the student about the use of the mentioned tools and allowed for 

analyzing the learning results, identifying the critical points and 

defining actions of improvement. These analytics also incorporated 

other sources of academic and historical information to facilitate the 

course tracking and decision making processes to the teaching team.  

 Gamification, as an  incentive scheme, mot ivated students to 

perform new activ ities and increased their engagement without 

sacrificing the academic rigor.  

 

    A relevant aspect considered by the eLearning tools developed in this 

project was the modularity and independence from technologies and 

particular learning systems, with the aim to facilitate its application to 

different courses and contexts. To this end, the functionalities of the ICT-

FLA G platform [13] are offered  as a set of services, using appropriate 

standards, with the ultimate aim that these services become feasible as part 

of both self-taught education (life-long learning) and traditional formal 

education as well as massive courses of on-line learning (MOOCs). 

    The colMOOC pro ject will leverage the technological independence-

based LA services of the ICT-FLAG platform to provide MOOC students 

with a broad set of general analytics on their collaborative learn ing 

progress. 

2. The research project “Promoting academically productive talk with 

conversational agent interventions” [14] set as a key object ive to exp lore the 

impact of questioning interventions implemented by a conversational agent 

in the context of computer-supported collaborative activities  in h igher 

education. The type of interventions is modelled accord ing to ‘Academically 

Productive Talk’, a model emphasizing the orchestration of teacher-students 

talks and highlighting a set of useful discussion practices that can lead to 

reasoned participation by all students, increasing the probability of 

productive peer interactions to occur [18]. To achieve the desired object ive 

this specific p roject: 

 Designed and developed a teacher-configured CA component able 

to be integrated in chat tools.  

 Implemented a number of research activities exploring various 

facets of the impact of the CA component on students’ learn ing in  a 

series of relevant studies [3] [12] [14] [16].   

 



    The overall outcome has been highly positive indicating that this type 

of APT-based automated form of conversational support can enhance 

students' exp licit  reasoning on domain concepts  and improve ind ividual and 

group learning  in  the context  of a collaborative learn ing activity  in  higher 

education settings [14] [16]. However, all available research so far has been 

conducted in controlled experimental settings. The colMOOC projects aims 

to expand exploration of this approach ‘in  the wild’, that is in  actual MOOC 

settings.  

 

3.3 Work plan 

 

In order to achieve the above aims and objectives, the colMOOC project methodology 

will be div ided into three major phases:  

 Analysis & Design: During this phase all the possible user requirements  are 

to be identified with regards to the CA and LA components. Implementation: 

This phase regards the integration and practical application of the designed 

CA and LA components in real world settings , in particular MOOC 

platforms, and large number of end-users to test their validity and ability to 

enhance the quality of education and training. 

 Evidence-based Policy  Format ion: Th is phase includes the accumulation, 

study and analysis of the evaluation results after the trials and the 

corresponding design of policy recommendations. These recommendations 

will be concrete and in accordance to the policy making lifecycle. 

 

    The relevant milestones as the corresponding main success indicators along with 

the major pro ject results are: 

 colMOOC educational approach and component design.  

 Components models and tools  and first version of integration mechanism 

released.  

 Software modules configured, courses design and materials developed  

 Trials and evaluation completed. Validation activ ities in educational and 

training settings are performed and evaluated. 

 Policy recommendations drafted.  

 

    In terms of work methodology, the project will follow a four - step loop approach 

where education and training policies are used as input in o rder to produce the 

project’s objectives and then provide new policy act ions as outputs based on validated 

evidence. This way, the project’s potential will be maximized in successfully 

transferring the project results into European policy development. These steps 

include:  

 Study of good practice projects under various projects that have d ealt with 

and successfully raised awareness and translated results into policy actions .  

 In-depth study or existing models for policy development and the education 

and training policy agendas. This will include study of the nature of policy 

and the particular nature of education policy within  its wider social, polit ical 

and economic contexts .  



 Design of innovative approaches and test of their validity on large-scale 

multilingual and multid isciplinary settings .  

 In-depth study of wider po licy recommendations  in a national and/or 

European level for the identification of best practices. 

 

    Finally, the evaluation plan of the project aims to develop several pilot MOOCs 

of different pedagogical disciplines : 

 Programming for Non-Programmers. Programming skills are not only a 

major asset for getting hired for developing software, but also allow for 

better understanding and co-designing with a development team. 

Programming skills are required to use, build, and maintain d igital 

infrastructures for managing and compiling data.  

 Computational and Design Thinking . This pedagogical strategy fosters 

systematic and creative approaches to problem solving. Th is involves 

analysis and formalization of complex problems, understanding and 

developing feasible, technical solutions, as well as divergent and convergent 

ways of thinking. 

 Educational Technologies in the Classroom. New technologies enhance 

learning through dynamic, interactive, mult i-media formats in simulations, 

web-videos, and games. Advanced technologies enable new forms to 

aggregate and visualize data for feedback to students and teachers.  

 

    The above project activities lead to the preparation of input state-of-the-art 

papers (dissemination activ ities) that provide recommendations for the fo rmulation of 

new policy act ions in the university-level and train ing-level.  

    Considering all the above, Fig. 1 below shows the main act ivities of the 

colMOOC project.  

 

 
Fig. 1. colMOOC project main activ ities . 

 

 

 

 



4. Project outcomes 

In this section, the expected benefits of the project will be first shown and then how 

these benefits will reach each of the identified target groups will be explained.  

 

4.1 Expected benefits 

 

The outcomes of the colMOOC project are expected to benefit the higher education 

institutions in different ways:  

 Enhanced MOOC courses: the project will provide prototype MOOC courses 

and services that will increase students’ online engagement in conditions of 

productive dialogue and thus deeper learning. This, in turn, is expected to 

increase students’ motivation and interest to follow the course. Moreover, 

university teachers will be able to use new and innovative pedagogical 

approaches such as collaborative learning supported by conversational 

agents to produce similar MOOCs for a diverse, larger audience.  

 Minimize the dropout rate by integrating learn ing analytics based students’ 

assessment and the cost of accreditation. 

 As a marketing tool, increase the student enrolment by offering short 

MOOCs of different discip lines to potential students of formal academic 

programs, where they can see, t ry and understand the university pedagogical 

model and technological advances before the formal enrolment.  

 New research opportunities. 

 

In addition, enterprises are also going to be benefitted from the pro ject outcomes  as 

they will enforce  their market strategy with new tools and methods . These results 

cannot be achieved without cooperation at national, regional or local level for the 

following reasons: 

 The pilots will be implemented in four d ifferent countries (Greece, Spain, 

Germany, Denmark). 

 In order to provide a more holistic approach that will be available to the 

market, the proposed solution should be able to be applied in different 

educational domains and approaches. 

 The consortium includes experts in all fields (experts in pedagogy, MOOCs, 

conversational agents, learning analytics and educational scenarios).     

 

4.2 Target groups 

 

The project targets three groups: the academic community, the training community, 

and the technology providers. As these groups transcend the project consortium, the 

project targets people through three networks. The first network is comprised by the 

project partners (e.g., researchers, educators, admin istrative staff, management of 

partner organizat ions), the second by the immediate networks of each of the pro ject 

partners (e.g., municipalities, school/university networks, enterprises, associations), 

and the third by all other actors interested in MOOCs that could reach the project 

through the online presence and the outreaching activities planned in the project.  



    Next, the benefits from the project results for each of these three groups are 

explained: 

 

Academic community 

 University students. Enrolled students require increased flexib ility and 

support, something that cannot be always available in a un iversity system 

that deals with rising number of students and limited funds.  

 University teachers. As MOOC elements and online pedagogies are 

integrated into university curricula, the use of techniques, such as learning 

analytics, could provide a holistic view of the learning activ ity . This would 

be valuable for the teachers, in their effort to improve their courses.  

 Academic institutions. The integration of conversational agents and learning 

analytics into MOOCs would  allow the universities to offer more flexible 

and engaging ways of teaching. This would allow the universities to reach 

wider demographic (based on age, occupation, etc.) and address the need for 

lifelong learning. 

 Researchers. Cutting-edge original research will be exp lored during the 

project. To the best of our knowledge there are on ly two research groups 

currently worldwide developing this kind of agents with APT based dialogue 

modeling and interventions, one of these groups participating in the pro ject 

[14]. 

       

Training community      

 Learners. The pro ject will provide an  enhanced learning experience for the 

online learner, offering at the same time d ifferent ways to formal education, 

lifelong learning, and training.  

 Trainers. Trainers are in need of innovative, engaging and motivational 

learning methods in order to attract the attention of the employees of any 

sector during train ing sessions. In addition, trainers should be able to easily 

design courses and material and monitor their trainees’ progress during 

sessions. This way, they will be able to adapt the process accordingly, 

change the real world scenarios used as problems that need solving and 

foster the employees’ skills development.  

 SMEs. European SMEs continuously need to train their employees to 

improve the competitive advantage of the enterprise. SMEs can be benefited 

by adopting a colMOOC t rain ing approach thus being able to provide 

personalized training to their employees and being able to monitor their 

progress.  

       

Technology providers 

 Tool developers. Learning tool developers (e.g., MOOC p lug-in developers) 

need to provide high quality personalized software products to their 

customers.  

 Content providers. Learn ing content providers (e.g. MOOC providers) aim at 

making their content easily accessible to a great number of users. 

 



    Eventually, the project’s target outcomes are in accordance to the main goals of 

the European policy agendas as this will enable and facilitate the dialogue between 

the consortium and the policy makers as well as their transfer to actual policy 

development.  

5 Conclusions 

This paper presents the scientific approaches of a newly started research project called 

“Integrating Conversational Agents and Learning Analytics in MOOCs (colMOOC)” 

funded by the European Commission. The main objective of the colMOOC project is 

to provide innovative ways for promoting learners’ interaction by enabling the teacher 

to configure an agent software component, which attempts to trigger learners’ 

discussion through appropriate interventions in dialogue-based collaborative 

activities.  

    The eLearn ing context  as well as the main priority tackled in the project  is the 

need to make MOOCs more collaborative in order to support teachers and engage and 

motivate students. Moreover, it is critical to ensure that assessment in  MOOCs will 

monitor individual achievement and demand constant engagement. To this end, the 

project will leverage the power of learn ing analytics to achieve more meaningful 

assessment, thus allowing educators and trainers to apply learning processes where 

learners participated actively and are engaged throughout the course. 
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