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Abstract — The focus of the research is the DigComp 2.2 framework (Digital Competence Framework for Citizens), an initiative by the European Commission that defines and categorizes the digital skills and competences necessary for active participation in a digital society. This research aims to enhance workforce skills by leveraging tools developed by higher education institutions, thereby ensuring the effective implementation of this framework for societal benefit. The research used Design Science Research (DSR) as its research methodology, which focuses on the creation and evaluation of artifacts designed to address specific identified problems. This methodology aims to provide practical solutions while contributing to both academic knowledge and real-world applications. Quantitative data processing method was also used. The research results indicate an increased availability and acceptance of learning at the DigComp 2.2 framework level. The main conclusion is that a timely response to the growing need for advanced digital skills is a critical task for modern universities. Recommendations – the permanent availability of advanced learning content, coupled with robust support systems, should be a key component of the social and economic ecosystem and sustainable learning in the digital age.
Keywords—DigComp 2.2, digital learning, digital skills, education technology, future learning, learning analytics, sustainable education, workforce.
Introduction
The Digital Competence Framework for citizens (Dig Comp 2.2) provides a common understanding of what digital competence is [1]. Dig Comp 2.2 is the latest version of the Digital Competence Framework for Europeans. It classifies the digital skills and competences that citizens need to use digital technologies and raise skills, including in data literacy and security. European Union for the Digital Decade Policy Programme 2030 has set ambitious policy goals to achieve - by year 2030 80% of the population has at least basic digital skills and has at least 20 million ICT specialist [2]. The first of these objectives is also included in European social rights the Pillar Action Plan [1]. Critical and responsible use of digital technologies is a necessity for the entire modern society. Dig Comp 2.2 supports educational and training programs in developing curricula that are relevant to the demands of the modern workforce, thus enhancing employability and participation in the digital economy.
Similar to our other research on e-learning technology and effective e-course development, this research aims to enhance workforce skills by leveraging tools developed by higher education institutions, thereby ensuring the effective implementation of this framework for societal benefit The target group of this study is non-IT students who need enhanced digital skills that meet the DigComp 2.2 framework and labour market requirements.
 The student performance data before and after learning the e-content were used for knowledge acquisition model design. This model is based on the assumption that knowledge acquisition of real e-content can be quantified by superposition of the impact of learning “appropriate” content, too easy content, and too complicated content. The learner knowledge acquisition surface is calculated on this assumption. The data of real course learner knowledge acquisition are located on this surface as “telecides”. Telecides are the visualization of the appropriateness of an e-content unit for the needs of the specific learner or learners target group [3]. 
The second goal of the study is to ensure that an institutional self-assessment of digitalization is carried out at five Latvian Higher Education Institutions (HEIs).  Within the framework of the EduAim project, the institutional self-assessment of digitalisation of Latvian Higher Education Institutions (HEI) is carried out twice. The first self-assessment conducted in January 2023, and the second - in December 2023. For this purpose, the “HEInnovate self-assessment (self-reflection) tool [4] is used, adapting the framework proposed by the European University Association (EUA).
The relationships discovered in the authors' previous studies and experiments are used in the development of e-study technologies, modernizing the content of e-study courses, and conducting new research. Understanding the relevance of specific knowledge in the context of online courses is important for the architecture of the content of the course and for improving the effectiveness of the learning process. By identifying the specific nature of the knowledge flow in a timely manner, it is possible to better adapt the course content to the needs of the student and to ensure that the time spent on learning is used effectively. In the case of this tailored course content, it is expected that in a given course, it would be possible to learn more content than a time-like course where knowledge stickiness has not been taken into account [5]. In particular, the authors use this method effectively for target groups in complex tasks, including increasing digital skills.
The increasing use of advanced digital technologies is transforming production processes and product development activities [6]. This industrial revolution is changing the nature of the job market, even simple physical jobs require digital skills. The DigComp framework is designed to help address the issue of improving the digital skills of society. The effects are expected to be radical, and are referred to as the fourth industrial revolution or “industry 4.0" [7]. This impact is inevitable.
The DigComp projects issued by the EU categorize digital literacy into five domains: information, communication, content creation, safety, and problem solving [8]. In the updated 2022 version of DigComp 2.2, the division of the big 5 categories is the same, but competence descriptions are supplemented with artificial intelligence skills. Maintaining the need to improve skills and competences that are relevant for the EU labour market and education and training [1].
The technology used in EduAim project is based on the previously developed and researched TELECI technology. ARTSS-EDU is its continuation, which will be used for EduAim activities - improving the digital skills of non-IT students based on the DigComp 2.2 framework. The user behaviour data generated in the TELECI learning environment with additional short, easy-to-use multiple-choice questions before and after each content subunit are used for visualization and correlation analysis [3].  EduAim courses were designed according to the ARTSS-EDU principle, which was developed in previous research and has proven itself to be a highly effective technological and content delivery tool for e-learning  The e-courses used in the study were adapted to generate more user behaviour data in each course unit. This was ensured by the placement of relevant questions at the beginning and end of each topic [9]. The basic principle of the ARTSS-EDU approach: it must be compatible with existing study processes, students and lecturers must receive timely feedback at various levels of the study process, including the study program, study course and study course topic levels, and the problem of data overload must be solved, primarily providing the most important indicators of the study process. The ARTSS-EDU tool is a plug-in that can be used to expand the capabilities of the existing e-study environment, and it includes data extraction from the e-study environment, data transformation according to the ARTSS-EDU approach and data visualization [10].
Figure 1 shows the authors previous research and the development and implementation of new e-learning technology methods. 
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Previous research by the authors.
The results of ARTSS-EDU study show that the knowledge flow is influenced by factors (stickiness and motivation) which are important for the development and improvement of e-learning. To provide better online courses and learning outcomes, it is essential to identify if there is any sticky knowledge in the knowledge flow. It is also important to motivate the students and to analyse their performance descriptors [11]. The authors use these research results in a study on improving digital skills.
Design Science Research (DSR) is a method that helps to solve the problems specified in DigComp 2.2. It helps to develop new methods and evaluate them, based on previous research and developed IT solutions.
Universities must ensure that new tools and methods are developed and implemented for the benefit of society.
Materials and Methods
The study on the contribution of universities to multimedia systems in education and workforce training uses a particularly useful methodology, Design Science Research (DSR), which promotes the creation of new strategies for solving practical problems in the fields of innovation and technology
The research used Design Science Research (DSR) as its research methodology, which focuses on the creation and evaluation of artifacts designed to address specific identified problems. This methodology aims to provide practical solutions while contributing to both academic knowledge and real-world applications. Quantitative data processing method was also used.
Design science is active with respect to technology, engaging in the creation of technological artifacts that impact people and organizations. Its focus is on problem solving but often takes a simplistic view of the people and the organizational contexts in which designed artifacts must function. The design of an artifact, its formal specification, and an assessment of its utility, often by comparison with competing artifacts, are integral to design-science research [12].
By coming together, researchers from 5 Latvian higher education institutions (Liepaja University - LiepU, Daugavpils University - DU, Rezekne University of Technology - RTA, Vidzeme University of Applied Sciences - ViA, Latvian Maritime Academy - LJA) identified shortcomings in the universities' existing digitalisation initiatives. A new course platform EduAim was developed and available to all participating universities, their students and anyone else interested in acquiring digital skills. EduAim includes teaching methods that will improve the effectiveness of multimedia education. Additional technological solutions - a series of tools are developed to monitoring the study process and promoting the learning process:
· Remote testing and knowledge assessment technology ARTSS,
· Knowledge perception monitoring,
· Student digital skills testing tool,
· Facial expression recognition tool,
· Reading Ease Tool,
· Virtual reality solution [13]. 
These digital tools help universities to enhance digital skills’ development for non-IT students. Technology and behaviour are not dichotomous in and information system. They are inseparable [12].
More than 1,000 students were involved in the piloting and testing of the platform, and more than 250 non-IT students have been awarded certificates for improving their digital skills. Obtaining a certificate is possible after a digital skills test before and after the course to determine progress, as well as after taking the final test of the course. At the end of the courses, students provided feedback on the EduAim courses and the course platform.
University researchers agree that the new platform and multimedia system tools effectively address the improvement of digital skills of non-IT students, in line with Dig Comp 2.2 guidelines and labour market needs. This is proven by assessments based on the results of the digital skills assessment tool and successfully passed exams.
In the project, support for lecturers was created, supplemented and improved during the entire project. All methodological materials for lecturers are available at https://eduaim.moodle.mii.lv in the section - EduAim consultative support for lecturers and content developers/methodological support package. Both before the first and before the second pilot, a presentation was created for piloting the courses. The presentation contains step-by-step directions for a student to start participating in EduAim courses.
EduAim has a positive impact on the learning outcomes and job market relevance of non-IT students. 
The EduAim project assesses the Digital Transformation and Capabilities of five Latvian HEIs. The digital self-assessment of Latvian HEIs, as an aggregate category “Digital Transformation and Capability”, was being held in the following assessment sub-areas (sub-categories):
· The HEI fosters a digital culture and implements and monitors a digital strategy supporting innovation and entrepreneurship,
· The HEI invests in, manages and continuously improves a fit-for-purpose digital infrastructure, 
· The HEI actively supports the use of digital technologies to enhance quality and equity in teaching, learning and assessment,
· The HEI actively uses open educational resources, open science and open data practices to improve the performance of the institution and increase its impact on its ecosystem,
· The HEI makes full use of its digital capacity to promote sustainable and inclusive innovation and entrepreneurship.
 Results and Discussions

The digital self-assessment scores of universities in the evaluated category "Digital Transformation and Capability" and its sub-categories showed moderate progress that universities have made in organizations' digitization processes (for the category, 2.98 points in an average). It can serve as a kind of measure that gives an understanding of the steps taken by the HEIs towards their defined strategic goals, including digitization, attainment and the level of implementation. Table 1 clearly show the self-assessment of Latvian HEIs (Initial self-assessment carried-out at the first phase of the EduAim project, till January, 2023)
Table 1 Digital self-assesment of Latvian HEIs at the first phase 
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However, we can observe a wide diversity in this self-assessment results between universities. Namely, some universities, such as LiepU, RTU LJA[footnoteRef:1]  (Latvian Maritime Academy (in Latvian: “Latvijas Jūras Akadēmija”) is incorporated in the RigaTechnical University during the implementation of the EduAim project. Therefore, in the text it isgiven an abbreviation - RTU LJA. In the tables and data visualization, the previous abbreviation of the university according to the one specified in the project application is indicated - LJA.) and ViA, ought to shed their low ratings in the area “Digital Transformation and Capability” (respectively: 2; 2; and 2.9 self-assessment points) in order to take measures to improve these indicators, achieve higher levels, and catch up with other universities. For instance, RTA has shown 4,4 self-assessment points and DU achieved 3,6 points. These scores are not surprising because RTA and DU are increasingly taking care of developing their scientific-research base and digitizing the study process. [1: ] 

Evaluating the first sub-category “The HEI fosters a digital culture and implements and monitors a digital strategy supporting innovation and entrepreneurship”, it should be concluded that the average score “3,2”, although at a sufficiently high level comparing to the average score of all subcategories here, has been achieved only thanking to the RTA results (the score "5"); lagging behind other universities (one score was just “2” and many others – only “3”). This indicates that the RTA pays sufficient attention to the promotion, implementation and monitoring of the digital strategy it has developed, which supports innovation and entrepreneurship, thus contributing to the further development of the HEI digital strategy and the promotion of digital culture. The other HEIs involved in the EduAim project would be advised to take a closer look at the digital strategy of their organizations and take measures to implement these digitization steps more effectively.
Table 2  show the second digital self-assessment of Latvian HEIs (the second self-assessment carried-out at the final phase of the EduAim project in December, 2023)
Table 2 Digital self-assesment of Latvian HEIs at the second phase 
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Comparing the results of the 1st and 2nd institutional digital self-assessment of Latvian HEIs, it could be concluded that the participation and active involvement in the EduAim project has allowed our universities to raise their digital awareness and self-confidence, as well as their level of abilities (primarily, in the field of education and research). Table 3 clearly show the progress made by universities during the implementation of the EduAim project.
Table 3 Comparison of two digital self-assesments of Latvian HEIs 
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The research results indicate an increased availability and acceptance of learning at the DigComp 2.2 framework level. The main conclusion is that a timely response to the growing need for advanced digital skills is a critical task for modern universities.
EduAim platform and multimedia system tools are being evaluated by non-IT students after the pilot. The main finding is that students with lower digital skills appreciated the face-to-face meeting, during which they could, with the support of the lecturer, register on the EduAim portal, take the self-assessment tests and register for the course.
Students with higher digital skills rated the remote meeting and email communication more highly.
Student Digital Proficiency Test - before starting the e-course, the learner carried out a self-assessment of his/her digital skills using Fit4Internet, the tool chosen by the project partners. The questionnaire, hosted by an Austrian trader, is aligned with the DigComp 2.2 digital skills standard and follows the project's methodology of initially assessing the level of skills to be able to compare it with the results achieved after the course. The student is given a code to take a free self-assessment test and answer questions on ICT topics according to all five DigComp 2.2 competences. Unfortunately, during the process, it was revealed that the Fit4Internet surveys contained questions that were not directly related to Latvian digital systems, but specifically related to Austrian digital solutions, which Latvian residents were not informed about. This situation was taken into account and the tool was later adapted. In order to create a digital literacy assessment tool, it was decided to create a set of questions that could be used to select the most appropriate and relevant ones for the learning outcomes defined in each course. Initially, a set of self-assessment criteria for digital skills were developed. Then, based on this, questions for each of the five DigComp2.2 digital competencies sub-competencies have been developed, 273 questions in total.
The digital skills test in the five areas of DigComp 2.2 was meaningful for both the student and the lecturer. The student's self-assessment gave an idea of his/her digital skills level, while the lecturer was able to provide personalised learning activities by diagnosing the learners' digital skills level at the beginning of the course. 
In the first phase of piloting, we found that the system was cumbersome – each document had to be downloaded in order for the lecturer to be able to review the self-assessments submitted. Therefore, solutions were sought to make this part easier for both the lecturer and the students. The project working group decided to develop a technological solution in Moodle that would allow self-assessments to be submitted in one place with the possibility for lecturers to see a summary.
In the first pilot phase, 6 lecturers participated with seven courses. The piloting took place in the spring semester 2023 from February to June. During the piloting of the courses, the methodological support of the lecturers was of particular importance for the success of the piloting.
The piloting of the course also revealed some issues that are being addressed during the second piloting. The second piloting of the courses planned in the project took place from 01.07.2023. until the end of the project.
In total, more than 250 students (excluding IT program students), including lifelong learning students, participated in the piloting of the courses. Evaluating the data obtained in the learners' self-assessment about their digital skills before and after taking the course, there is a tendency for students to improve their skills during the course. For example, for the courses included in the competence "Creating digital content", 86 learners filled out the Fina Questionnaire, and the results show that only 14% of the students admitted that there were no changes in their digital skills. The data show that the majority of students who noted that there was no change in their digital skills started their studies with a digital competence level of 4 or 5.
Conclusions
The permanent availability of advanced learning content, coupled with robust support systems, should be a key component of the social and economic ecosystem and sustainable learning in the digital age.
Digital assessment of universities is a critical component that contributes to the ability of educational institutions to respond to changing technological and educational needs, as well as helps develop a sustainable and effective strategy for the future. Incorporating evaluation into university strategies and using these strategies in decision-making helps make universities more attractive to students, apply the latest teaching methods, better plan investment priorities in the IT field, increase reputation, promote international cooperation, and respond to changing educational demands. Based on the analysis of the results of the institutional digital self-assessment of Latvian HEIs, have been submitted for their inclusion in the strategies of Latvian HEIs.
The authors believe that it is very important for Latvian higher education institutions, in accordance with the instructions included in the strategies, to that: Higher education institutions continue to use EduAim courses; Evaluate their digitalization development once a year; Update the importance of digital skills as a cross-cutting skill for lecturers. 
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