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The seamless integration of new digital technologies into
higher education teaching and learning has transformed
education pedagogies and changed how students learn. The
students are now required to have digital competencies to survive
in the era of learning with technology; therefore, measuring the
students’ digital competencies is of utmost importance. This study
evaluates the first-year university students' digital competencies at
a higher education institute using a newly designed digital literacy
measuring tool named digitlitfj. The digitlitfj is an online tool
consisting of a 5 point Likert scale questionnaire ranging from 'No
understanding' to 'Advanced level of understanding' that was
piloted to the first-year university students. The results show that
86.15% of the students were average to very highly digitally
literate. Also, Deep learning, Support Vector Machine, Random
Forest and Decision Tree algorithms in RapidMiner were used to
evaluate the most important and influential variables in predicting
an individual’s digital literacy competency. The results show that
all the variables utilized in the research were important, with
computer literacy being the most influential variable in predicting
an individual's digital literacy.

Keywords: digital literacy, digitlitfj, digital literacy scale,
higher education, random forest.

L INTRODUCTION

The proliferation of digital technology in this digital era
has changed the norms of the digital society. Digital society
suitably describes the society we live in today because there is
extensive use of digital technology used to carry out daily
activities and create a wide range of opportunities. The world
is embracing new digital technologies and using them for the
betterment of societies. Since digitization is permeating
society. every individual living in the digital society needs to
have digital literacy skills to survive and have better livelihood
[1]]2][3]. According to the literature, the term digital literacy
skills was used until the mid-1990s. after which the digital
literacy skills and digital competencies were used
interchangeably [4][5].

The current job market and the education system have also
incorporated technology-oriented environments to increase
efficiency and productivity. According to Phuapan et al. [6].
jobs now require innovation. creativity. social intelligence,
and high productivity, which are associated with digital
literacy skills. Therefore. the most effective way to yield a
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workforce with relevant digital survival skills can be through
adequate and proper education in digital literacy

The educational institutes are adopting digital technology
to engage their students with various teaching and learning
processes [5][7][8]. Students are now exposed to new
pedagogical tools at higher education and they are required to
learn using these tools and survive in the technology-oriented
learning environment [9][6]. The higher education forefront
now uses digital platforms to facilitate the teaching and
learning processes for all online and face-face enrolled
students [10][8][5]. The digitally-driven learning processes
now demand and expect students to have digital literacy skills
to enable them to negotiate online activities and adopt the
digitally enhanced learning environments| 1][11][12][13].

Since digital literacy has become an important component
of higher education. the students' digital competencies must
be measured [7][14]. According to Neilson and Khateeb
[8][4]. the younger generation is considered digital natives;
however. they do not possess relevant digital literacy skills. It
is often seen that many of the digital natives have poor
academic performance and eventually drop out of their higher
education studies [2][14]. The authors, Chan et al. [11]. Dios
et al. [3]. and Zhang & Zhu [12]. state that digital
competencies must be measured so that educational
institutions can place proper interventions to improve the
digital literacy skills of the students. Many measuring tools
have been developed in the literature such as instruments (o
measure ICT competencies and media literacy. scales to
measure digital literacy and surveys to evaluate digital
competencies [1][3]]6]. As mentioned above. the authors
measured digital competencies according to the different
literacies they associated digital literacy with. Their studies
also showed that each literacy positively correlates with the
other literacies and the overall digital literacy.

Motivated from the above claims on the importance of
digital literacy in the digital society and the important role of
higher education in enforcing digital education to the future
workforce, this research study aims to measure the digital
competencies of higher education students and carry out a
prediction analysis on the future incoming students. The study
focuses on the digital competencies of the first-year students
at a regional university in the South Pacific. Since digital
literacy is an emerging concept in the South Pacific very little
research has been conducted in this area. The current paper is
a sequel to the research conducted on digital literacy by Reddy
etal. [1]. which evaluated the digital competencies of students
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in the second semester of their first year of study. This article
aims to measure students' digital competencies using the
newly designed digital literacy scale - digitlitfj. The research
has also carried out a prediction analysis using the Random
Forest Algorithm in RapiMiner to evaluate the most important
and influential variables for an individual's digital literacy.
The analysis was carried out to ensure that relevant
interventions could be derived to improve students' digital
literacy skills. Improved digital literacy skills will mean that
the students can effectively interact and use the digital
environment. hence reducing the attrition rates.

Prior research has shown that digital literacy education has
just begun in the South Pacific [1]. There is a need to measure
digital competencies so that more initiatives to improve digital
literacy skills of the South Pacific populace can be
implemented. The current research introduces a newly
developed digital literacy scale. digilitfj, which can be used to
measure digital competencies of individuals. The digilitfj is
the first scale developed in the South Pacific and it aims to
evaluate an individual’s digital competencies. A knowledge of
the digital literacy status will enable relevant stakeholders to
develop appropriate interventions to improve the individuals'
digital literacy skills. Furthermore. the analysis of the paper
validates the claims by the current authors: that the six
literacies are essential to evaluate the digital literacy of the
individuals. Also, the levels in digilitfj. which is shown in
Table 1. corresponds with the prediction analysis carried out
in this research. Finally. the paper suggests ways to improve
the digital literacy skills of the individuals in the South Pacific.

The paper's outline is as follows: section II entails the
definition and framework of digital literacy. The details of the
newly developed scale, which is digilitfj are entailed in section
I1I. Section IV shows the results gathered for this study and
the last section is the concluding remarks for the present study.

II.  Literature Review

The term digital literacy was first introduced by Paul
glister in 1997 when the use of the internet. access to digital
content and the use of digital technologies were starting to
grow. According to Glister [15]. digital literacy is the ability
of an individual to understand and use different formats of
information gathered from various sources via computers. As
new technologies evolved, the individuals required new sets
of skills and abilities. therefore, the definition of digital
literacy evolved [16]. Together with redefining digital
literacy. the researchers associated different sets of skills with
it [16][17]. These sets of skills were later termed as literacies
associated with digital literacy [16][18].

The definition of digital literacy evolved with new and
changing technologies. More attributes and characteristics
were associated with the term. Given below are the definition
of digital literacy from 2015:

i.  the ability to use digital technology. communication
tools, or networks to find, evaluate. utilize, share, and
create content using information technologies and the
internet [19][20][21]]22].

ii.  the assimilation and accommodation of the learning
processes and have the elements of culture, construction,
communication, confidence. creativity, and critical
thinking [23][24].

iii. the ability of an individual to find and evaluate
information, use this information effectively. create new

content using this information and share and communicate
this newly created information using appropriate digital
technologies [1].

Together with the varied definitions of digital literacy. the
term digital competence was also introduced by researchers.

The term digital competence gives more horizon in
describing a digitally literate individual [25][26][27].
According to Spante et al.[28] and Khateeb [4]. digital
competence involves the confident and critical use of
technology for work, leisure. and communication.
Additionally. digital competencies show the ability to use
potential technology and indicate meaningful participation in
the emerging digital society [26][27]. Hence, for the current
paper. the term digital competence or digital competency will
define an individual's ability to perform tasks using digital
technologies.

Literature shows that several frameworks for digital
literacy have been developed by researchers to suit their
learners and transform the learning process amongst
individuals in the digital society [17][18]. These frameworks
have included dimensions that empower individuals to
develop abilities to use digital technologics and educate
individuals on lifelong learning skills [14]. The frameworks of
digital literacy and the association of different literacies to
these frameworks had varied according to the nature of the
research and environmental settings. The following are
selected digital frameworks from literature:

i. Goodfellow [29] state that the digital literacy framework
involved the following literacies:  Information
Communication Technology (ICT). Technology. Media,
Visual. and Communication literacy.

ii. Martin & Grudziecki [19] associated technology literacy,
information literacy. media literacy. visual literacy and
communication literacy with digital literacy.

iii. Erstad[27] and Buckingham|21] and Dutta [30] associated
with digital literacy with Media literacy.

iv. Stricevic |31] associated digital literacy with ICT literacy.

v. Nedungadi et al. [14] developed a digital literacy
framework that included the following literacies:
Information literacy. Health literacy. Financial literacy.
eGovernance literacy, eSafety literacy. eLearning literacy.

vi. Reddy et al.[l] associated digital literacy with media
literacy.  visual literacy. information literacy.
communication literacy. computer literacy. and
technology literacy.

Since the research presents the continuous work on digital
literacy of the authors Reddy et al. [1]. [32] and [33]. digital
literacy will be associated with media literacy. visual literacy,
information literacy. communication literacy. computer
literacy, and technology literacy. These six literacies have
been chosen because, according to prior research conducted.
they are the most suitable literacies for evaluating digital
competence in an educational setting [1][3][6]. The literacies
were used to develop a new digital literacy scale, digilitfj, to
measure the digital competencies, particularly in educational
settings. There have been scales developed in the literature
that measure individuals' digital competencies[3][6].
However, the authors of the research study believe that those
scales do not include all the relevant competencies that are
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important in this digital age. The details about digilitfj are in
section III of the paper.

The higher education institutes globally are pitching in to
deal with the notion of using digital technologies for the
teaching and learning processes [35][36][37]|38]. The year
2020 forced the education institutes to reinvent themselves
and shift the education system to online and emergency
remote teaching [39] [40] due to the unknown circumstance
of COVID-19 [41]. The unprecedented event of COVID-19
and the emergency shift of the world's entire education system
emphasized the need for digital literacy education [42]. The
quest for digital literacy education is the same for South
Pacific educators when compared to the rest of the world.

In the South Pacific. digital literacy work has already
begun, and the current study introduces digilitfj. The study is
set in a regional university. namely the University of the South
Pacific (USP). whose main campus is located in Suva. Fiji
[10][43]. The university uses virtual classrooms. mobile
learning, tablet learning. cohort-based learning to provide
collaborative and distance-based learning to its students
[1]]9]. Also. tools like Online Mathematics Diagnostic Tool
(OMDT), Early Warning System (EWS) and Lecture Capture
System are used to facilitate online delivery [9][44]. The
university faces similar challenges of lack of digital fluency
by its students [45]. The authors believe that if the students'
digital competencies are known. then appropriate
interventions can be derived to improve the students' digital
literacy skills. Therefore, this study was conducted to gauge
the digital competency of the first-year students enrolled at the
university using the digilitfj. Since there are six literacies
associated with digital literacy from this research, the authors
also performed a correlation analysis to evaluate digital
literacy's most influential predictor literacies.

Literature has many predictive analytic tools. but for this
study. RapidMiner was used. RapidMiner brings artificial
intelligence to the enterprise through an open and extensible
data science platform [46][47]. Built for analytics teams.
RapidMiner unifies the entire data science lifecycle from data
prep to machine learning to predictive model deployment and
is appropriate for educational data mining [47][48]. According
to Ahmed [49]. Massaro et al. [50] and Teja et al. [51]
RapidMiner is one of the most effective data mining tools for
prediction analysis. Prediction analysis indicates the
associated values to the predictor variable and this enables the
relevant  stakeholders to  prepare their  material
accordingly[52]. The RapidMiner tool has many algorithms
out of which Deep Learning, Support Vector Machine (SVM),
Random Forest, and Decision Tree were used for the current
study. According to the authors. Reddy et al.[48] and Massaro
et al.[50]. predictive algorithms and techniques can also be
used to identify the essential or most important predictor
variables.

The current study intends to use digilitfj to measure the
digital competencies of the students'. The digilitfj is the first-
ever tool that has been developed in the South Pacific and to
some extent in the world which encompasses the relevant
skills needed to be tested for a digitally literate individual.
Evaluating digital competencies of the students will give an
idea of the skills they are lacking., therefore, appropriate
interventions can be derived for the students. The current
study works on the following research questions:

(9]

1. What is the status of digital literacy for first-year university
students?

ii. Which literacies are important in defining a digitally literate
individual?

iii. Which literacy is the most influential to digital literacy?

I11.

The research methodology for this study was quantitative with
a survey methodology research design. The survey was
carried out using an online self-reporting questionnaire. which
was part digilitfj. The data set for this study consists of 6
literacies defined as follows:

Methodology

i.media literacy (M). which has 13 attributes
it.information literacy (Info). which has 11 attributes
iii.communication literacy (Comm), which has 5 attributes
iv.visual literacy(V). which has 12 attributes

v.computer literacy (C). which has 6 attributes
vi.technology literacy (T). which has 13 attributes

Each of the six literacies consists of self-reporting items
ranging from "No Understanding" to "Advanced
Understanding" and the points ranging from 1 to 5. Using
these literacies digilifj was developed.

The validation for digilitfj was carried out using the
Explanatory Factor Analysis (EFA) and the Cronbach alpha
test. According to Reddy et al. [1]. the EFA analysis is the
most effective and reliable analysis that can be carried out to
validate a newly developed scale in the early stages of
research. The EFA results show that the newly developed
scale was valid and reliable. This was also supported by the
Cronbach alpha value that yielded to 0.9. Research shows that
the Cronbach alpha value above 0.8 means that results are
excellent [36]. The newly designed and developed scale,
digilitfj, was piloted to the first-year university students and
accessed using a link provided to them. A total of 260 students
participated in the survey. The digilitfj was used to evaluate
the digital literacy status of the students. Table 1 shows the
levels. point distribution. and descriptions of digilitfj.

Table 1 Points Table for digilitfj
Levels Points Description
L1 0-10 No Understanding
L2 11-20 Very Low
L3 21-30 Low
L4 31-40 Average
L5 41-50 High
L6 51-60 Very high (Expert)

Once the digital competencies of the students were evaluated.
a prediction analysis was performed to evaluate the important
and most influential literacies which were used to define a
digitally literate individual for the current study. Predictive
models were generated using Deep Learning, Decision Tree,
Random Forest. and Support Vector Machine (SVM)
algorithms. The authors of this paper decided to use the four
algorithms as they were the most commonly used algorithms
for educational data mining[53]. However, the algorithms
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were individually used or used as a combination. The data set
was trained using the four algorithms together.

Iv. Results and Discussion

From the data gathered, the digital literacy status of first-year
university students was measured. The results show that
86.15% of the students fall in the range of being average to
highly digitally literate, while 14.71% of the students are in
the range of being very low to low digitally literate. Figure 1

usually used by researchers in educational data mining [
49][511]53].

Table 3 shows the weight by correlation values generated for
the chosen algorithms for this study. According to Krstevski
et al.[47], the weight by correlation operator calculates the
weight of attributes concerning the label attribute by using
correlation. The higher the weight of an attribute, the more
relevant it is considered.

shows the digital literacy status of the students.

Fig. 1 Digital Literacy Status

Table 3 Calculated weights for each literacy

Variable Deep SVM Random Decision

Learning Forest Tree

C 0.601 0.691 0.467 0.336

Info 0.547 0.619 0.399 0.334

M 0.366 0.449 0.334 0.194

\ 0.362 0.267 0.311 0.164

T 0.361 0217 0.239 0.153

Comm 0.250 0.195 0.187 0.072

Student Number
5 0 oo

Table 2 shows the error rate, accuracy value, and precision
value for the four algorithms chosen for this study.

As per the results in Table 3, the most influential variable
is computer literacy. This indicates that for an individual to
possess digital literacy skills, computer literacy is of utmost
importance. The researchers, reddy et al.[48], Sakarji et
al.[54],Cacciamani et al.[55], Joo[56] and Lai[57] state that an
individual must have relevant computing skills to use a given
technology and continue using the given technology.
Literature also showed over the years that the most common
literacy associated with digital literacy was computer literacy
[32][71[20][58].

Table 2 Performance of the four algorithms
Algorithm Error Rate Accuracy Precision
(%) (%) (%)
Deep 0.0 100 100
Learning
Decision Tree 4.0 96.0 933
Random 2.8 97.2 100
Forest
Support 0.0 100 100
Vector
Machine

Table 4 Correlation of each literacy with digital literacy
Variable Weights by Correlation
Value
M 0.837
Info 0.895
Comm 0.827
\Y 0.844
Com 0.866
T 0.881

Table 2 shows the best algorithm for this study, Deep Learning
and Support Vector Machine, followed by Random Forest and
then Decision Tree. Deep Learning and SVM have 0% error
rate and 100% precision making them the best algorithms. For
SVM the best fitted kernel was Radial Basis Function (RBF).
The optimal parameter was picked by using the Set
Parameters operator in RapidMiner. This operator is mostly
used for applying an optimal set of parameters of one operator
to another similar operator. The Set Parameters operator takes
a set of parameters as input. Operators like Optimize
Parameters (Grid) or Read Parameters can be used as a source
of parameter set. The Set Parameters operator takes this
parameter set and assigns these parameter values to the
parameters of the specified operator which can be specified
through the name map parameter. Researchers have also
stated that in the last decade Deep Learning and SVM were
gaining momentum in many research fields and educational
data was one of them [49][53]. Although Random Forest and
Decision Tee algorithms have lower precision rate and higher
error rate compared to Deep Learning and SVM, they are

Table 4 shows that all the variables range from 0.827 —
0.881, with no significant difference between them.
Therefore, all the variables are important and positively
correlate with the predicting variable, which is digital literacy.
A similar result has been obtained in the literature, where the
six variables used for this study have a positive correlation
amongst each other and with digital literacy [1].

Since all the literacies are important to determine a
person's digital literacy, the predictive models included all the
literacies. For Random Forest, the predictive model's root was
information literacy, and the Decision Tree was technology
literacy. The prediction for the overall digital literacy of an
individual on the basis that he/she scores 7 out of 10 in each
literacy is as follows for the following algorithms; Deep
Learning the overall digital literacy is 5, for SVM its 5,
Random Forest its 5 and Decision Tree is also 5. Figure 2
shows the predicted digital literacy for each algorithm.
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Fig 2 Predicted Digital Literacy Status
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According to digilifj, level 4 indicates that a person is
averagely digitally literate and level 5 indicates that the person
is higly digitally literate. Looking at the predicted values for
all the algorithms with an average score of 7 out 10, the digital
literacy status of an individual is level 5. The results reflect the
exact status from digilitfj levels shown in Table 1. A person
with a score of 7 in each literacy will have a total of 42 points,
corresponding this with the level from digilitfj indicates that
the individual falls in level 5 of the digital literacy table.

v.  Conclusion

Digital literacy is playing a pivotal role in the survival of the
students who are part of the technology-rich environment in
the 2lst-century. The students' need to be educated
accordingly so that they possess the relevant skills they need
to complete their higher education Ilearning journey
successtully. To achieve the goal of successful graduates and
low attrition rates, digital literacy needs to be measured. While
many studies have been conducted on the evaluation of digital
literacy competencies globally, the current study attempts to
evaluate the digital literacy status of first-year students at a
regional university in the South Pacific. Additionally, the most
influential and important literacies were identified. Predictive
models were also generated to predictive digital literacy for
individuals using the six literacies identified for this study.
The study also introduced the newly designed and developed
digital literacy scale digilitfj, which was used to evaluate the
students' digital competencies.

The results show that 86.15% of the students had an average
to very high levels of digital literacy skills. Since the DLS
encompasses the six different literacies which define digital
literacy for this study, the authors noted that not all students
had high competencies in the different literacies. To design
appropriate interventions to improve the digital literacy of the
students, a prediction analysis was carried out using
RapidMiner.

Deep Learning, SVM, Random Forest and Decision Tree
algorithms were identified as the most appropriate algorithm
to be used for prediction for this study compared to other
algorithms. The results showed that all six literacies were
important in evaluating the overall digital literacy of an
individual. The weights by correlation analysis for Deep
Learning, SVM, Random Forest and Decision Tree showed

that computer literacy was the most influential of the six
literacies used for the study. The generated predictive models
show that if a student scores 7 out of 10 for each literacy, then
the individual's digital literacy status is at level 5. According
to digilifj, level 5 indicates that a person is highly digitally
literate. The predicted value accurately reflected the level
value given by digilitfj.

The findings from the current study indicate that the students
who join higher education are digitally literate. However,
students are not competent in all aspects of digital literacy.
Therefore educators need to design and develop appropriate
interventions and training programs which comprise all
aspects of digital literacy. These developed tools then need to
be administered appropriately by relevant stakeholders to
improve the digital literacy skills of the students. This will
ensure that the students have the required digital skills when
they join the technology-oriented workforce.
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