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Abstract

The blended learning format can help students develop their digital literacy skills, but the design of
the blended learning model and the student factors important to this development remain undefined.
The purpose of this research was to explore the relationship between blended learning design models
and digital literacy skills in a sample of 106 upper vocational education and training (VET) students.
The data analysis examined the relationships between activities, competences, and prior experience
with blended learning. Student engagement with collaborative, task-based instructional designs was
positively associated with digital competence (for example, collaborative project work and regular
use of quizzes with collaboration tools, online communication, and technology for learning). In
contrast, the association between live session use and pre-recorded video use and digital competence
was weaker than for other teaching approaches. Use of Virtual Reality/Augmented Reality and
interactive video was positively associated with students” use of digital tools but not with their
perceptions of online safety or content creation. Students with previous experience of blended
learning reported higher developmental competence (content creation; learning/research) than those
without such experience. The results also showed that VET students can be grouped into three
categories based on their technical field and experience with blended learning. Overall, the findings
suggest that structured collaboration and formative assessment should be emphasized in the
implementation of the blended learning model.

Keywords: blended learning; digital competence; intrinsic motivation; vocational education;
self-determination theory

1. Introduction

The effectiveness of blended learning in developing digital competences among students is
influenced by several key factors, as highlighted across multiple studies. Firstly, the quality of
technology integration plays a crucial role, with research indicating that the perceived quality of
technology integration significantly predicts students’ digital competencies and engagement, more
so than the mere frequency of technology use [1]. Additionally, Arranz-Garcia and Secades [2] found
that project-based blended learning improved students’ specific, general, and systemic digital skills,
though it did not enhance their interpersonal digital skills. The integration of face-to-face and online
components is also essential, with the quality of face-to-face activities supporting higher-order
processing, social interaction, and engagement, which are critical for effective blended learning [3].

Additional studies have examined the quantitative effects of blended learning on students’
digital competency. Martinez-Alcala et al. [4] found that a blended workshop increased students’
digital literacy scores, while Sanchez et al. [5] reported that a Moodle-based blended course improved
both procedural and attitudinal digital competencies but had no effect on cognitive competency.
Flexible blended models have also been shown to support problem-solving and related digital skills
[6]. Overall, these findings indicate that practice-based and engaging blended learning consistently
increases students’ procedural, attitudinal, and problem-solving digital competencies.
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Finally, Feng et al. [7] found that perceived teacher support plays a crucial role in shaping students’
ICT self-efficacy and their engagement in online English learning. The study highlights that when
students perceive strong and consistent support from their teachers, their confidence in using ICT
tools

In terms of self-efficacy, technical skills, digital literacy, and adaptability, studies show that
students with prior experience in blended and/or online learning rate their digital competence much
more favorably than those experiencing blended learning for the first time. As an example, Marsh &
Johnson [8] reported that students with prior experience rated themselves as being more confident
and demonstrated superior navigation skills when compared to students without prior experience;
Garcia-Ortega and Galan-Cubillo [9], similarly, identified fewer challenges related to adapting to
digital tools on the part of students with prior experience as well.

Intrinsic motivation is linked to digital competence in settings where technology-enhanced,
authentic learning environments meet students’ psychological needs. In one study, vocational
students in a mobile augmented reality car maintenance program experienced features such as
scaffolding and real-time feedback that were moderately correlated with motivational dimensions
like relevance, indicating that digital engagement underpinned this intervention. Although digital
competence was not measured directly here, the use of digital tools implies baseline skill engagement.
In another study set in a project-based engineering capstone, students who experienced
environments emphasizing autonomy, competence, and relatedness reported enhanced acquisition
of 21st-century skills, including ICT competence. This study details a reciprocal process in which the
development of new skills further meets intrinsic motivational needs, thereby fostering continued
competence growth. Together, the studies support that in vocational education and training, intrinsic
motivation and digital competence acquisition are mutually reinforcing when learning contexts are
designed to integrate technology, offer timely instructional support, and promote authentic, self-
directed experiences.

The literature indicates that a higher degree of intrinsic motivation has been associated with a
higher level of digital competence in the majority of educational settings using various types of digital
tools for learning. Posekany et al. [10] documented an increase in students’ perceived competence
and relatedness in a digital empowerment course at the university level; Amin et al. [11] reported a
strong correlation between digital competence and academic motivation/lifelong learning among
nursing undergraduates. Altinpulluk et al. [12] also indicated a statistically significant but relatively
small association between self-directed learning and intrinsic motivation in a MOOC study; Pratiwi
et al. [13] found that digital communication competence was the most important predictor of
motivation explaining approximately 69.7% of the variance. The role of mediating and/or moderating
factors in this relationship appears to be significant, as well. In some cases, self-directed learning and
academic motivation have served as mediators in the relationships between other variables and
intrinsic motivation; however, the strength of the relationship can be moderated by several variables
including field of study, gender, technology access, and prior digital experience. As mentioned
earlier, the methodologies used in the research varied widely including validated Self-Determination
Theory measures and researcher-created scales, as well as: pre-post comparison, cross-sectional
survey design, and mixed-methods design. Regardless of methodology, there is a consistent pattern
in the research indicating that in the contexts studied, students’ levels of intrinsic motivation are
positively related to their levels of digital competence.

In addition to exploring the relationship between the implementation of blended learning and
students’ perceptions of developing digital competence, the present study focuses on three main
areas of investigation. First, the present study will investigate the correlations between students’
participation in specific blended learning activities and the development of specific digital
competencies. While much of the previous research has focused on general trends in students’
development of digital competence, research findings suggest that different pedagogical approaches
employed in blended learning environments may foster the development of different digital
competency dimensions. Second, the present study will explore whether students’ prior experience
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with blended learning moderates the amount of self-reported growth in digital competence,

specifically examining whether prior exposure to blended learning models increases students’

perceptions of their own competency growth. Third, the present study will examine the relationship

between students’ intrinsic motivation and their perceptions of growing in digital competence,

drawing upon evidence that motivational factors significantly impact digital literacy outcomes and

technology use. Through investigating these interconnected research questions, the present study

will gain insight into the processes through which blended learning environments promote students’

development of digital competence and identify those factors that may affect the relationship

between blended learning environments and students’ development of digital competence.

Therefore, the following research questions were developed to guide the present study:

(1) How do specific blended learning activities correlate with the development of specific digital
competences?

(2) How do students with no prior blended learning experience differ in their self-reported digital
competence development compared to those with prior experience?

(3) Is there a positive association between students’ intrinsic motivation and their perceived
development of digital competences?

(4) To what extent can distinct clusters of students be identified based on their digital competence
profiles, and how are these clusters associated with demographic characteristics and teaching
approaches used in the courses?

2. Materials and Methods

2.1. Participants

A convenience sampling method was used for this study. A teacher from each of seven VET
program participants in the pilot study sent links to surveys to their students. Students participated
voluntarily; and 106 students chose to complete the survey. Of those 106 students, 98 were male and
7 were female, with one student indicating they would prefer not to identify as either male or female.
The average age of the students who completed the survey was 17.1 years old. Based on the typical
demographics of students who enroll in VET programs (e.g., Computer Technician, Auto Technician,
Electrical Engineering Technician, and Mechanical Engineering Technician), it was anticipated that
the majority of the students completing the survey would be male. In addition, all participants were
students in 4th or 5th year of an upper-secondary, technical program. Specifically, among the
participants, 56 were in their 3rd year of school, 36 were in their 2nd year, 11 were in their 1st year,
and 3 were in their 4th year when the data was collected.

2.2. Measures

Students completed a survey that consisted of an initial section collecting demographic
information about the student (i.e., gender, age, name of the school, educational program, etc.) and
current level of study; the second section collected data about the student’s experience with blended
learning (i.e., teaching methods, workload perceptions, types of learning, and motivation).

2.2.1. Teaching Approaches

The 10-item scale provided a measure of the commonly used teaching methods. For each item,
students rated on a five-point scale how frequently a method of instruction was used in their class
(from “0—Never” to “4— Almost Always”). Table 1 illustrates descriptive statistics for the question
‘During the blended learning pilot, how often did your course(s) include the following?” Each item is
listed by mean.

In accordance with Table 1, students reported that the most frequent use of teaching methods
during the implementation of BL included live online meetings (e.g., using Zoom), teacher-created
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instructional video presentations, and the least frequent was receiving online feedback from the
teacher.

Table 1. Descriptive statistics for the scale of teaching approaches.

Teaching Approaches N M SD

Live online sessions (e.g., Zoom, Teams) 101 2.5 1.18
Pre-recorded teacher presentations or videos 100 2.17 1.21
Expert presentations (live or recorded) 102 208 121
Online group projects or presentations 101 2.05 1.13
Small group interactions or breakout rooms 100 203 123
Frequent quizzes or short assignments 100 1.98 1.23
VR or AR technology activities 100 1.83 1.22
Interactive video activities 102 1.62 1.24

Online vocational skill-building coursework 100 144 125
Online instructor feedback and guidance 100 1.21 1.31

Note: Min. =0; Max. = 4.

2.2.2. Digital Competences Improvements

Student’s digital competence improvement was measured by an assessment instrument based
on the checklist based on the DigCompEdu framework. This tool provided a way to measure student
perception of their digital competence improvement through the blended learning experience. The
measurement tool allowed students to indicate in which of nine areas of digital competence that they
believed they had developed skills during the blended learning experience by marking all relevant
boxes: (1) Using digital tools and software; (2) Understanding online safety and privacy; (3)
Organizing digital files and folders; (4) Collaborating using online collaboration tools; (5)
Communicating with others online; (6) Creating, publishing, and sharing digital content; (7) Using
technology for learning and research; (8) Understanding digital citizenship and ethics; and (9) Solving
common technical problems with computers. Students could choose more than one category to
provide feedback of how many areas of digital competence that they have developed skills in. All
responses were then converted into numerical codes (0 = Not Selected; 1 = Selected). The results of
this assessment were reported in the table below.

Table 2 shows that students most often improved practical digital skills through blended
learning, especially in using digital tools and software (71.3%), online communication (67.8%), and
collaboration tools (65.5%). Fewer reported progress in creating content (41.4%) or understanding
digital ethics (40.2%), suggesting stronger gains in operational than in critical or ethical com

Table 2. Digital Competence Areas Improved Through Blended Learning (N = 87).

Digital Competence N %
Using digital tools and software (e.g., Office, Google Docs) 62 71.3
Understanding online safety and privacy 39 448
Managing digital files and folders 55 63.2
Using online collaboration tools (e.g., Google Drive, Teams) 57 65.5
Communicating effectively online (e.g., email, chat) 59 67.8
Creating and publishing digital content (e.g., blogging, videos) 36 414
Using technology for learning and research 50 55.6
Understanding digital citizenship and ethics 35 40.2
Troubleshooting common computer problems 51 58.6

2.2.3. Prior Blended Learning Experience

We assessed students’ prior experience with blended learning using a single dichotomous
question: “Have you ever been involved in blended learning before?” Students selected either “Yes”
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or “No”. Responses were coded as 0 (No) and 1 (Yes) in the database. Results are shown in the table
below.

According to Table 3, just over half of the students (54.7%) reported having no prior experience
with blended learning, whereas 45.3% indicated previous participation in blended learning
environments.

Table 3. Prior Experience with Blended Learning.

Prior Experience with Blended Learning N %
Yes 48 45.3
No 58 54.7

Total 106 100

2.2.4. Student Motivation

The evaluation of how teaching techniques impacted student motivation was conducted using
several of the scales in the Intrinsic Motivation Inventory (IMI). The IMI has been validated through
many studies before ours. Four of the seven IMI scales were utilized in this study along with slight
adjustments. The “Interest/Enjoyment” (IMI-I) scale contained four self-report items (for example, “I
would call BL very interesting”), measured overall interest in the material. The “Effort/Importance”
(IMI-E) subscale was made up of four items (for instance, “I put a lot of time into my BL course”) and
measures the degree to which an activity is important to one’s motivation. The “Perceived
Competence” (IMI-C) subscale consisted of four self-report items (such as, “After doing BL for a little
while, I felt pretty confident”), is linked to self-report and observable intrinsic motivation. The
“Value/Usefulness” (IMI-V) subscale contained four items (for example, “I believe the things I did in
BL could have some worth”), measures the degree to which an activity is seen as valuable and/or
relevant. Each item was rated on a five-point Likert-type scale from 1 (“strongly disagree”) to 5
(“strongly agree”).

Table 4 summarizes the results of the students’ ratings for each of the scales in the IMI; the data
indicated that the blended learning activities were both motivating and enhancing to their confidence
in performing the tasks. The averages for effort/importance were just under those of the other three
scales but still above the midpoint on the rating scale, indicating the students generally experienced
the courses positively.

Table 4. Descriptive statistics for the student’s motivation scale.

Perceived Motivation (Scales) N M SD

Live online sessions (e.g., Zoom, Teams 94 3.66 0.85
Pre-recorded teacher presentations or videos 94 3.44 0.81
Expert presentations (live or recorded) 94 3.66 0.82
Online group projects or presentations 94 3.59 0.88

Note: Min. =1; Max. = 5.

2.3. Data Analysis

Pearson correlation was utilized for RQ1 to analyze how many times the students participated
in the online learning activities and developed the various digital competencies. Students’
participation frequency answers were recorded as 5-point scales (1 = Never, 5 = Almost always),
whereas digital competence questions were coded as either 0 = Not selected or 1 = Selected. To
measure the association between each individual activity and competence, Pearson correlations and
all other analyses were calculated using SPSS version 21, following standard procedures for bivariate
correlations, significance testing, and output interpretation.

For RQ2, chi-square tests of independence were applied to investigate whether there are
significant differences in the development of digital competencies between students who have had
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previous experience in blended learning and those that have not. In addition to examining overall
digital competence, each of the nine competencies were analyzed individually as separate binary
outcome measures (i.e., selected v. not selected) with prior experience being the grouping variable
(prior experience = 1, no prior experience = 0). It should be noted that to meet the assumption of
having at least five observations in every cell, expected frequencies were examined. If this assumption
was violated, Fisher’s Exact Test was used instead. An effect size was also computed using Cramér’s
V to determine the degree of difference found in the groups.

To address RQ3, both descriptive and inferential statistics were used to evaluate the relationship
between students’ intrinsic motivation (IMI) and their development of digital competencies. The first
step in this process was to calculate the means for each of the four IMI subscales (Interest/Enjoyment,
Perceived Competence, Value/Usefulness, and Pressure/Tension) by calculating the mean of the
items that corresponded to the individual subscales and reversing coding for the negative worded
items before creating the subscale scores. Reliability for each subscale was estimated by computing
Cronbach’s alpha coefficient. Next, a Total Digital Competence Index was created by counting the
number of competencies checked in. Pearson correlation was then used to explore the bivariate
relationships between each of the IMI subscales and the Total Digital Competence Index. Following
this, hierarchical multiple regression was used to model the Total Digital Competence Index as a
function of the four IMI subscales and to identify which of the IMI subscales had the greatest
predictive power with regard to developing digital competencies.

Hierarchical cluster analysis was used to address RQ4 and was employed to divide the sample
into distinct groups based on the student’s performance in developing the 9 different digital skills
listed in Q10a-Q10i. Recoding of the original missing values (-1,-3) to “missing” and deletion of
students with missing data (listwise) occurred. The hierarchical cluster analysis was completed in
SPSS 21 using the average linkage (between-groups) method and squared Euclidean distances, which
is suitable for clustering binary data in this version of the software. The structure of the cluster
solution was evaluated by assessing the dendrogram and agglomeration coefficients, and the number
of clusters was identified as the largest increases in the fusion coefficients and visual separation in
the dendrogram. Membership in the clusters was retained for additional comparison of the groups.

3. Results

This section presents the study’s findings in relation to each of the four research questions: (1)
Correlation between online learning activities and digital competence development; (2) Comparisons
among participants who have had previous blended learning experiences; (3) Relationship between
intrinsic motivation and digital competence; (4) Cluster analysis of digital competence profiles.

3.1. Correlations Between Blended Learning Activities and Digital Competence Development (RQ1)

Table 5 displays the Pearson correlations between frequency of online learning activities and
students’ self-reported digital competence indicators.

Table 5. Pearson Correlations Between Online Learning Activities and Digital Competence Indicators.

Online Learning Activity 1 2 3 4 5 6 7 8 9
Live sessions 14 .00 a1 18* .02 .02 -04 .15 .00
Pre-recorded videos .00 .01 .01 -.07 -.05 .06 -08 -04 -12
Expert talks .02 15 -.07 .00 -12 .09 -01 16 12
Group projects 3115 02 59%  61*** .08 09 20 .06
Small-group interaction .06 -16  -.03 A1 -.08 -.16 03 .00 .00
Frequent quizzes 36 -.05 20 .28 .10 12 25 18 .02
VR/AR activities e 18 .08 10 -.04 -07 =200 17 .02
Interactive video 28** -12 -10 .02 .01 =21 =200 15 11
Challenging coursework -10 -.02 .08 -10  -.05 .30 A3 12 -08
Instructor feedback -02 -23% 07 -.05 .01 .05 06 -04 -12
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Note. N ranged from 86 to 90 across correlations. *p < .05; **p < .01; p <.001. 1 - Using digital tools; 2 - Online
safety; 3 - File management; 4 - Collaboration tools; 5 - Online communication; 6 - Digital content creation; 7 -
Tech for learning; 8 - Digital citizenship; 9 - Troubleshooting.

The findings in Table 5 suggest that interactive and collaborative learning formats have the
highest positive association with developing digital competence. Specifically, group projects had a
very high positive correlation with a number of competencies including collaboration tools (r=.59, p
<.001), online communication (r = .61, p <.001), and using digital tools (r = .31, p < .001). Likewise,
frequent quizzes were positively correlated with the competencies; using digital tools (r = .36, p <
.001), collaboration tools (r = .28, p <.01), and technology for learning (r = .25, p <.01), which indicates
that structured engagement and feedback enhance students’ ability to apply their digital skills. The
other two formats of learning (VR/AR and interactive video) showed varying degrees of association
with digital competence. While both formats were positively correlated with using digital tools (r =
31, p <.001; r = .28, p < .01, respectively), there was a small or negative correlation between these
formats and both online safety (r = - .18, p <.05; r = -.12, ns) and content creation (r =- .21, p <.01; r =
-.20, p < .05), indicating that novelty is not sufficient to produce competence. Traditional or passive
learning formats (live sessions and pre-recorded videos) displayed low or non-significant
associations with all three areas of digital competence. Overall, the results indicate that active and
task-based learning formats, particularly those with opportunities for collaboration (e.g., group
projects) and assessment (e.g., quizzes), are the most effective at enhancing students’ overall digital
competence across a variety of areas.

3.2. Differences in Competence Development by Prior Blended Learning Experience (RQ2)

Table 6 presents the percentage of students reporting each digital competence level, comparing
those with and without prior blended learning experience. To assess if a student’s prior exposure to
blended learning will impact their self-assessment of their digital competence as it relates to different
digital skills, the percentage of students who reported being confident with each of the skills is
presented in Table 6, comparing students who had prior exposure to blended learning and those that
did not have prior exposure to blended learning.

Table 6. Percentage of Students Reporting Digital Competence by Prior Blended Learning Experience.

Digital Competence Indicator Yes (n = 35) No (n=52) x>

Using digital tools and software 54.30% 82.70% 6.91**
Understanding online safety and privacy 31.40% 53.80% 3.39*
Managing digital files and folders 54.30% 69.20% 1.42
Using online collaboration tools 51.40% 75.00% 4.15%
Communicating effectively online 77.10% 61.50% 1.67
Creating and publishing digital content 57.10% 30.80% 4.96*
Using technology for learning and research 70.30% 45.30% 4.54*
Understanding digital citizenship and ethics 22.90% 51.90% 6.19%*
Troubleshooting common computer problems 40.00% 71.20% 7.14**

Note. Percentages reflect the proportion of students who selected each digital competence item within each
group. Chi-square tests assess group differences. Valid N ranged from 87 to 90. *p < .05; **p <.01; p < .001.

The results show consistent and often significant differences between the two groups. Students
without prior blended learning experience reported higher confidence in several basic and tool-
related competences, such as using digital tools and software (82.7% vs. 54.3%, x? = 6.91, p < .01),
understanding online safety and privacy, using online collaboration tools, and troubleshooting
computer problems. Conversely, students with blended learning experience scored higher on more
advanced, creative, or learning-oriented competences —particularly creating and publishing digital
content (57.1% vs. 30.8%) and using technology for learning and research (70.3% vs. 45.3%).
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Although several of the x? values indicate statistically significant differences, the overall pattern
suggests that previous blended learning may encourage deeper, learner-centered uses of technology,
while those without such experience appear more confident in routine technical operations.

3.3. Relationship Between Intrinsic Motivation and Perceived Digital Competence Growth (RQ3)

To examine the relationship between students’ overall digital competence and their intrinsic
motivation components, Pearson correlation analyses were conducted between the total Digital
Competence Index and each intrinsic motivation subscale (Table 7).

Table 7. Pearson Correlations Between Total Digital Competence Index and Intrinsic Motivation Subscales.

Variable 1 2 3 4
1. Index of Competences 1
2. Interest/Enjoyment 30%** 1
3. Effort/Importance A44r** H53F** 1
4. Perceived Competence 27%* 70%** 59%** 1
5. Value/Usefulness 23%* 78%** AT7H* 76%**

Note. *p <.05; **p <.01; p < .001. Sample sizes ranged from N =90 to N = 94.

Table 7 examines the associations between the Digital Competence Index and Intrinsic
Motivation Subscales. Results indicated there was an extremely high association, positively, between
students’ level of digital competence and several of the motivational components. Value/Usefulness
had the highest correlation to the overall competence (r =.76, p <.001), which indicates students who
see digital skills as being useful or valuable are more likely to be at higher levels of competence than
those that do not. Perceived Competence demonstrated a moderate, positive association to the
competence index (r =.59, p <.001), indicating a relationship exists between a student’s self-efficacy
and their actual level of digital competence. A moderate, but statistically significant association
existed for effort/importance (r=.53, p <.001) and interest/enjoyment (r = .30, p <.001), which suggests
a motivation to invest time and attention into digital activities will result in higher competence. High
inter-correlation existed among the motivation sub-scales (specifically, perceived competence and
interest/enjoyment (r = .70, p < .001)) and suggest students who have confidence in their ability to
learn digitally also have enjoyment from the learning process. Collectively the results suggest an
interaction effect between competence and motivation; where students enjoy, value and believe they
can use digital skills will significantly increase the likelihood of them demonstrating greater digital
proficiency.

3.4. Student Clusters Based on Digital Competence Profiles and Related Course Factors (RQ4)

Three student categories were found through the hierarchical cluster analysis, as a result of the
way that the demographic, educational and experiential attributes of the students differed from one
another. Cross-tabulation tests were used to explore whether there are associations between cluster
groupings and other categorical variables: gender, technical subject area, study level (year) and
previous blended learning experience. The distribution of students across these variables is shown in
Table 8.

Table 8. Distribution of Students Across Clusters by Key Variables (N = 87).

Cluster 1: Cluster 2: Cluster 3:
Student Ad . E . E . d
Characteristics v:a\r-lcmg meir‘glng xpefl-e nee
Practitioners practitioners practitioners
Gender
Male 21 (91.3%) 50 (92.6%) 9 (90.0%)
Female 2 (8.7%) 4 (7.4%) 1 (10.0%)
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Technical Field
Mechanical & Mechatronic 4 (17.4%) 14 (25.9%) 9 (90.0%)
Electrical & Computing 17 (73.9%) 34 (63.0%) 1 (10.0%)
Creative & Communication Tech. 2 (8.7%) 6 (11.1%) 0 (0.0%)
Study Year
1-2 years 8 (34.8%) 24 (44.4%) 3 (30.0%)
3-4 years 15 (65.2%) 30 (55.6%) 7 (70.0%)
Prior Experience
Yes 8 (34.8%) 18 (33.3%) 9 (90.0%)
No 15 (65.2%) 36 (66.7%) 1 (10.0%)

There was no significant association identified between gender and cluster membership, x?(2, N
= 87) = 0.09, p = .954, meaning that gender distribution is consistent across all clusters; therefore,
gender will be excluded as an interpretive label for cluster membership. However, a significant
relationship was identified between cluster membership and student’s technical discipline, x?(4, N =
87) = 19.18, p < .001, Cramér’s V = .33, meaning that students in mechanical and mechatronics
disciplines were over-represented in Cluster 3 (90%), while students in electrical and computer
disciplines were more represented in Clusters 1 & 2. Furthermore, study year did not have a
significant association with cluster membership, x3(2, N = 87) = 1.12, p = .572, which suggests that
students who started their program earlier or later in time were distributed relatively evenly. On the
other hand, students’ prior experiences in blended learning significantly differed by cluster
membership, x3(2, N =87)=11.65, p=.003, Cramér’s V = .37, where 90% of Cluster 3 students reported
some form of prior blended learning experience when compared to approximately 1/3 of Cluster 1 &
2 students.

Cluster names were determined through a synthesis of students” academic progress, technical
area of study, and prior blended learning engagement. These elements were interpreted as indicators
of blended learning competence. Cluster 1 was termed Advancing Practitioners primarily consisting
of upper-level students with technical specialization in the middle range and limited prior blended
learning experience; thus indicating developing competence. The largest and most diverse cluster
was labeled Emerging Practitioners, consisting of primarily first year students with minimal exposure
to blended learning; this indicates foundational competence. The final cluster, comprising
predominantly upper-level mechanical/mechatronic students with extensive prior blended learning
experience, was labeled Experienced (High Competence) Practitioners.

Collectively, the above-mentioned clusters provide evidence of a continuum of development in
blended learning competence from emerging (Cluster 2) to advancing (Cluster 1) to experienced
(Cluster 3). The differences observed across the clusters are in terms of educational maturity, technical
specialization, and prior blended learning participation rather than demographic differences.

To gain insight into how different participant groups integrate the use of individual instruction
techniques within the context of the blended learning course, the frequencies of various teaching
approaches utilized across three competence-based clusters were examined using ANOVA (see Table
9).

Table 9. Descriptive Statistics and ANOVA Results for Teaching Approaches by Competence-Based Cluster (N

= 87).
Cluster 1 Cluster 2 Cluster 3
. Advancing Emerging Experienced
Teaching approach Practitioners  Practitioners Practitioners F,84)
M (SD) M (SD) M (SD)
Live sessions (Zoom, Teams) 1.65 (1.23) 1.81 (1.21) 1.60 (1.58) 0.21
Teacher video lectures 2.22 (1.24) 2.15 (1.12) 2.40 (1.27) 0.20
Expert talks 1.61 (1.16) 1.43 (1.20) 1.40 (1.58) 0.18
Group or online projects 2.00 (1.09) 2.43 (0.94) 1.80 (0.92) 2.67
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Breakout room interaction 2.17 (1.19) 2.13 (1.12) 1.60 (1.58) 0.93
Live sessions (Zoom, Teams) 2.36 (1.29) 2.98 (0.92) 3.00 (1.05) 2.91*
Teacher video lectures 1.74 (1.42) 2.04 (1.49) 1.00 (1.33) 2.21
Expert talks 2.43(1.34) 2.30 (1.09) 1.40 (0.84) 3.15*
Group or online projects 1.78 (1.31) 2.19 (1.08) 3.00 (0.82) 4.13**
Breakout room interaction 2.57 (1.08) 2.63 (1.03) 3.00 (1.33) 0.60

Note. Scores range 0—4; higher values = more frequent use of each teaching approach. *p <.05; **p < .01; p < .001.

As shown by the data in Table 9, there is little difference in the teaching methods that the three
different competence-based clusters reported using for each activity. Most mean scores range from
1.4 to 2.6 on a scale of 0-4, which implies that the teaching strategies were rarely or never used. There
was no statistical significance in the first five items in terms of live sessions, video lectures, expert
talks, group or online projects, and breakout room interactions, so it appears that all three clusters
used them at similar frequencies.

There was greater variability in the use of the next set of strategies. Significant effects were found
for live sessions (F =2.91, p <.05), expert talks (F =3.15, p <.05) and group or online projects (F = 4.13,
p < .01). These results indicate that participants who were classified as high competence level
practitioners tend to be more likely to use more interactive and collaborative ways of instruction than
the other two groups. Although the differences are small, this could indicate an evolving trend from
more teacher centered ways of instructional delivery to more student participative ways of
instructional delivery as students move up the competence level scale.

4. Discussion

The current study assessed how various blended learning activities (e.g., quizzes, group projects,
VR/AR, interactive video), prior experience with blended learning formats and students’ intrinsic
motivation relate to students” digital competence and if distinct competence profiles correspond to
different instruction approaches. In doing so, it addressed a significant void in the literature by
relating specific pedagogical activities to multivariate indices of digital competence and largely
within a single cohort and not treat “use of technology” as a generic category. Additionally, by
combining correlational data, group comparisons, and cluster analysis, the study provided a more
detailed description of how participatory design and motivational factors interact to influence
competence development.

4.1. Participatory Activities and Competence Development

Participatory activities generally align with overall competence development. Designs that
promote collaborative and task-based interaction (notably group projects and frequent low-stake
quizzes) show the greatest number of positive correlations with multiple competence indicators
(collaboration tools, communication, technology for learning). These findings are supported by meta-
analytic evidence showing that both active and collaborative learning produce improved
performance and transferable skills in higher education [14,15] and by research on the “testing effect,”
which demonstrates that frequent practice and feedback enhance applied knowledge and strategic
tool usage [16]. These studies collectively suggest that digital competences are best developed when
students are required to co-create products, coordinate tasks and iteratively access and utilize
information—conditions that are inherent to well-designed group work and formative assessments.

4.2. Impact of Immersive Technologies on Competence

Immersive technologies, such as VR, AR, and interactive video, show positive relationships with
digital tool use but do not consistently benefit all aspects of learning, as neither online safety nor
content creation exhibit significant positive associations, and prior research warns that highly
immersive media may increase cognitive load or divert focus from metacognitive regulation and
transfer [17,18]. However, educational applications of augmented reality have been found to
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significantly enhance learners’ motivation, confidence, attention, creativity, and satisfaction by
offering immersive and interactive experiences, which not only increase engagement but also support
the development of digital competences and self-directed learning [19]. These results suggest that
while novel or interactive media can rapidly boost relevant fluency, explicit scaffolding —such as
guidance for responsible use and structured authoring tasks —is essential to translate the novelty of
these technologies into meaningful competence development.

4.3. Effect of Prior Blended Learning Experience

Prior blended experience distinguishes between “routine” versus “developmental”
competences. Students who did not report prior blended learning experience reported significantly
higher levels of confidence regarding routine, tool-based operational competences (e.g., basic
software use, troubleshooting) compared to those students reporting prior blended experience who
reported higher levels of advanced, learning-based competences (e.g., content creation, utilizing
technology for learning/research). These distributions are consistent with models that differentiate
technical/operational competencies from strategic and creative aspects of digital competence [20,21].
They also support evidence demonstrating that authentic, repeated inclusion of technology within
course assignments produces a transition from procedural know-how to goal-directed, disciplinary
utilization [22]. The present findings further suggest that prior blended learning experience acts as a
developmental lever; students are encouraged to move beyond “tool-handling” and towards
generative application.

4.4. Interdependence of Motivation and Competence

Motivation and competence appear to be interdependent. The Digital Competence Index was
found to correlate most strongly with perceived value/usefulness and perceived competence,
followed by effort/importance and interest/enjoyment. According to Self-Determination Theory,
perceived value (identified regulation) and efficacy beliefs interact to predict long-term commitment
to engagement and performance [23]. Meta-analytic research has shown that intrinsic motivation and
identified motivation have been consistently linked to performance and persistence in cognitively
demanding tasks [24]. Collectively, the present pattern suggests a mutual reinforcement of
competence and motivation; as students perceive the utility of digital skills and perceive themselves
as competent in applying them, they invest more time and derive more interest, further strengthening
their competence. Instructionally, this suggests that incorporating value-affirming activities with
direct relevance and structured success experiences is important.

4.5. Competence Clusters and Interactive Teaching Approaches

Competence clusters correlate (to some degree) with more interactive teaching approaches. The
three competence clusters —emerging, advancing, experienced —most clearly differed in terms of
prior blended learning experience and disciplinary background; experienced practitioners reported
slightly greater use of interactive/collaborative approaches (group projects). Although effects were
weak, they are directionally consistent with research linking stronger self-regulation and technology-
supported collaboration to enhanced engagement in blended learning environments [25].
Collectively, the present findings reinforce a developmental continuum: as competence and prior
experience grow, learners tend toward or profit more from participatory designs.

The main purpose of this study was to triangulate multiple analytic lenses (correlations, group
comparisons, clustering) within a coherent framework, enabling inferences about activity—
competence alignment and motivational covariation. It operationalizes digital competence across
several domains rather than relying on a single proxy, improving construct coverage. With these
advantages in mind, the study also has some limitations. First, the cross-sectional, self-report design
precludes causal claims and may inflate activity—competence associations due to common-method
variance. Second, several cells—particularly in cluster-by-discipline cross-tabs —were small, limiting
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precision and generalizability. Finally, the single-cohort, domain-specific context may limit external
validity to other institutions or disciplines.

4.6. Implications and future directions,

The results of this study suggest that when designing educational experiences using digital tools
and multimedia, the instructor should prioritize two design elements to increase students’ overall
digital competences. The first is structuring collaboration in a way that clearly defines the role(s) of
each participant(s) in the collaborative process, and the artifacts (i.e., materials) they will be working
with. Second, providing students with frequent opportunities to receive feedback on their
performance can help students develop both the technical skills required to operate digital tools and
other digital competences (such as problem-solving, critical thinking, etc.). As an example, when
students are interacting through virtual reality (VR)/augmented reality (AR), or video, the instructor
should provide additional scaffolding for students to learn about how to safely and ethically interact
within those environments. Additionally, the instructor should also teach students how to create
digital content by including additional assignment types (creation assignments) and rubrics to guide
student reflection to extend the benefits of operating digital tools beyond just the basic operation of
them. In addition to the instructional design strategies described above, when developing
instructional designs that incorporate digital tools and multimedia, instructors should consider
integrating value-affirming frames into their instruction and feedback to strengthen students’ sense
of efficacy and further enhance the motivation-competence spiral.

The future research should utilize longitudinal or experimental methods to investigate causal
relationships between specific instructional design features (e.g., interdependence structure of group
work; retrieval practice schedule) and distinct competence domains. Future research should also
explore mediators of this relationship (i.e., perceived value, self-efficacy) and potential contextual
moderators (i.e., discipline, year of study). Fine-grained learning analytics (i.e., trace data collected
from Learning Management System (LMS) or video platforms) would allow researchers to collect
empirical evidence to supplement self-report measures and to identify specific mechanisms (e.g.,
quality of collaboration, timing of feedback) through which instructional designs influence student
development of digital competences.

5. Conclusions

This research adds to our current understanding in several ways: that participatory, feedback
rich activities have the strongest association with the development of multiple dimensions of digital
competence; that prior experience with blending is associated with more developmentally oriented,
learning focused dimensions of digital competence; that motivation and competence are closely
related; and that those who possess higher levels of competence, tend to be more likely to engage in
collaborative pedagogy. The findings of this research will allow researchers and learning designers
to develop more refined design principles for blended courses and demonstrate the potential for
increasing the speed at which learners move from operational fluency to generative, discipline
specific digital practices by linking active learning with motivational scaffolds.
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