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Abstract—Several initiatives have been made to overcome educational 
problems, ranging from improving the curriculum, developing and improving 
the quality of teachers, developing student abilities, and other efforts related to 
improving the quality of education. This study analyzed critical thinking skills 
built based on perceptions of mobile media, self-directed learning, and digital 
literacy. The research method used was a quantitative approach utilizing a ques-
tionnaire as the instrument. The questionnaire was distributed to students who 
enrolled in record management using previously produced interactive mobile 
media. The sampling technique used was probability sampling with the type of 
random sampling. Data analysis included analyses of prerequisite tests, includ-
ing validity and reliability tests. The data were then analyzed using a structural 
equation model (SEM) analysis using the SPSS Amos application version 26. 
The results showed that 1) the variable of the perceptions on mobile media could 
not affect critical thinking skills directly, 2) there was a significant positive effect 
on the variable of perceptions on online learning media on self-directed learning, 
3) there was a significant positive effect on the variable of perceptions on online 
learning media on digital literacy, 4) there was a significant positive effect on the 
variable of self-directed learning on critical thinking skills, 5) there was a signif-
icant positive effect on the variable of digital literacy on critical thinking skills, 
6) the variable of perceptions on mobile-based learning media had a significant 
positive effect on critical thinking skills through self-directed learning mediation, 
7) the variable of perceptions on mobile-based learning media had a significant 
positive effect on critical thinking skills through digital literacy mediation.

Keywords—learning media, mobile learning, critical thinking, vocational 
school, education

1 Introduction

Education is an essential aspect of a country’s development, which functions as a 
mechanism of the system to educate the nation’s generation. It becomes a benchmark 
in assessing the progress of a country, which is also applied to Indonesia. Although 
 education development is a particular concern in government policy, the reality in 
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Indonesia leads to complex conditions. One of the organizations that assess or evalu-
ate students’ academic abilities in various countries is The Organization for Economic 
Co-operation and Development (OECD). The OECD uses the test system called Pro-
gram for International Student Assessment (PISA), which is carried out in three pri-
mary academic areas: reading, mathematics, and science. 

Based on the issues discussed above, essential conclusions can be drawn in the 
background of these research problems. Education is a crucial component in developing 
the quality of human resources in a country, including in Indonesia. As a developing 
country, Indonesia is still experiencing some human resource problems when viewed 
in education based on the PISA test results. Based on the latest report of PISA involv-
ing 78 countries, the reading and mathematics score of Indonesian students was ranked 
72, while the science score was ranked 70 [38]. These results suggested that there is 
a problem with the quality of education, which has a direct effect on scholarly output 
in the form of human resources. The scholarly output based on the curriculum imple-
mented in Indonesia requires students to have particular knowledge and competencies, 
such as critical and deep-thinking skills. However, based on the initial observations 
conducted by this study, the critical thinking skills of the samples of students were low, 
with only a few of them possessing high critical thinking skills. Several factors related 
to and affect the ability to think critically include learning media, self-directed learning, 
and digital literacy. The relationship of these three factors with critical thinking skills 
forms a new design in the framework of mobile-based media knowledge. Therefore, 
this study seeks to confirm the relationship between these variables and determine the 
form of the relationship and the significance of the new design in mobile-based media 
knowledge.

This description shows that education is expected to prepare human resources capa-
ble of facing the changes and challenges of the times. Quality human resources in 
Indonesia can only be generated by improving the quality of education. This improve-
ment can be carried out by adjusting the teacher-centered learning system imple-
mented towards more meaningful student-centered learning [1]. The learning system 
that directs its focus on students will foster and develop creativity and train students’ 
critical thinking skills in learning and solving problems faced in daily living [30]. 
However, the weakness in this learning system is the lack of attempts to develop stu-
dents’ thinking skills [11, 19, 48]. This weakness eventually distorts, if not wholly 
hinders the completion of the final goal of learning, which is mastering thinking skills. 
Indeed, teachers teach students to learn but do not teach them the proper way of think-
ing to learn [62].

All learning differs from one subject to another, including record management 
in the Office Administration Department. On the ground that every subject requires 
accuracy and skill in thinking [59], a preliminary observation was conducted to deter-
mine the state of students’ critical thinking skills in the subject of record management. 
The following table presents the results of preliminary observations regarding critical 
thinking skills in several schools in Surakarta:
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Table 1. The results of the critical thinking skills of 10th-grade students in the  
subject of record management in vocational high schools in surakarta

No Score Criteria Frequency Percentage

1 76–100 Very Good (VG) 2 10%

2 51–75 Good (G) 5 25%

3 26–50 Moderate (M) 5 25%

4 0–25 Poor (P) 8 40%

Source: Primary data processed, 2020.

A total of 20 students of 10th-grade students in record management were sampled for 
preliminary observation. Table 1, which presents the critical thinking skills test results, 
shows that students’ skills can be categorized evenly in the moderate and very good cat-
egories. Out of 20 students, two students or 10% were in very good criteria; 5 students 
or 25% were in the good criteria; 5 students or 25% were in the moderate criteria, and 
eight students or 40% were in the poor criteria. These results indicate that most students 
who enroll in record management have not formed critical thinking skills.

It shows that the standard process encounters issues. Many aspects of indicators can 
be used to measure the success of the learning process, including support from learning 
media [7]. The use of media, including mobile learning applications, is proven to be 
able to provide a positive stimulus in learning [21, 36]. Several studies have conducted 
the development of mobile learning applications. As a result, various abilities can be 
improved through the use of mobile media, including learning ability [42], analytical 
ability [41], creativity ability [40], and critical thinking [42]. Furthermore, the advan-
tage of using media is to evaluate learning implementation [40, 43]. Besides learn-
ing media, other ways can help develop critical thinking skills, such as self-directed 
learning [2, 60]. In addition, through self-directed learning, students can improve their 
problem-solving skills [24]. Self-directed learning can also be improved and affected 
by several factors, including perceptions and literacy skills in digital media [38, 50].

Based on the above overview, this study would confirm quantitatively that crit-
ical thinking skills can be improved through digital and mobile media perceptions, 
self-directed learning, and digital literacy. Furthermore, this study would reveal the 
relationship between the variables of critical thinking skills, including self-directed 
learning, digital literacy, and the perceptions of mobile-based learning media. Based on 
the background that has been described above, the problems that can be formulated are 
(1) do the perceptions of mobile-based learning media have a significant positive effect 
on self-directed learning? (2) do the perceptions of mobile-based learning media have 
a significant positive effect on digital literacy? (3) do the perceptions of mobile-based 
learning media have a significant positive effect on critical thinking skills (4) does 
self-directed learning have a significant positive effect on students’ critical thinking 
skills? (5) does digital literacy have a significant positive effect on students’ thinking 
skills? (6) Do mobile-based learning media perceptions significantly positively affect 
critical thinking skills through self-directed learning? Furthermore, (7) do the percep-
tions of mobile-based learning media have a significant positive effect on critical think-
ing skills through digital literacy skills?
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2 Literature review

This section discusses each variable, which is seen empirically by understanding it 
based on the metadata created and the indicators that make up the variable. The rela-
tionship between these variables forms a path relationship that needs to be proven by 
empirical research in the field. It illustrates that the main objective of this study is to 
prove the relationship formed in the theoretical study empirically.

2.1 Students’ critical thinking skills 

Definition of critical thinking skills. Humans need skills to create a quality 
workforce [35]. Critical thinking is the skills to identify, analyze, and evaluate situations, 
ideas, and information to formulate responses to problems so that it always uses 
logic and reasoning to identify the strengths and weaknesses of alternative solutions, 
conclusions, or problem approaches [28]. It is also the skills used to make judgments 
and choices based on information obtained to express an idea [15]. These skills involve 
questioning sources of knowledge, testing the validity of the obtained information, 
analyzing its reliability, and drawing appropriate explanations for a specific task or 
situation [16, 31, 50]. According to Goodsett (2020), the primary components of critical 
thinking skills include clarification, assessment, justification, connecting ideas, and 
novelty. Clarification is accomplished by asking and answering clarifying questions 
about a given topic utilizing information and communication technology (ICT).

Indicators of critical thinking skills. The process to improve critical thinking skills 
is established from the presence of a problem. According to Facione, six primary critical 
thinking skills are involved in the critical thinking process, including interpretation, 
analysis, evaluation, inference, explanation, and self-regulation [6]. Critical thinking 
is also the skill of using ICT to make judgments and choices based on information 
about the resources obtained and communicating reflectively with sufficient evidence 
to express ideas [58]. Critical thinking is broadly used in education, psychology, and 
philosophy, and repeated attempts have been made to define the concept to increase 
understanding of how this cognitive ability can be used [56]. More recently, it has been 
defined as a purposeful, self-regulatory assessment, which results in interpretation, 
analysis, inference, and explanation of the evidence, concept, methodology, logical 
or contextual considerations that become the basis of the assessment [22]. These 
components are involved in the definition of critical thinking skills according to [11], 
including making arguments, interpreting, thinking appropriately about thinking, and 
using critical thinking as new knowledge. The study’s findings [59] simplified these 
core components by adjusting respondents of students and professionals into three 
primary indicators, including reflection, justification, and novelty.

2.2 Students’ perceptions of mobile-based learning media

Formation of students’ perceptions of mobile media. Multimedia is one of 
the learning media that combines several elements of media presented in computer 
media. Media is a Latin word, originated from the word ‘medium,’ which means an 
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intermediary or something used to convey, deliver, or carry something [39]. Based 
on the meaning of the words ‘multi’ and ‘media,’ we can interpret multimedia as a 
combination of various media such as text, animation, pictures, videos, and others, that 
are put together in the form of digital files assisted by computers, which help convey 
information or messages [36]. Furthermore, multimedia that the user can control is 
called non-linear multimedia or often known as interactive multimedia. Interactive 
multimedia is a solution to facilitate students to learn materials conveniently compared 
to monotonous textbooks/e-books. An example of interactive multimedia is a learning 
presentation that allows the users to choose which topic they want to study without 
waiting for the complete presentation to be broadcast [60]. The interactive multimedia 
using the basics of animation is developed based on the demands in the field [34, 60]. 
The materials of the subject will be difficult to understand if they are not accompanied 
by visualization, which eventually affects the low learning outcomes of students [30]. 
Furthermore, besides providing visualization, the objective of developing mobile 
learning is to learn anywhere and anytime [54]. Learning using m-learning provides 
freedom to users to access learning content anywhere and anytime, without having to 
visit a particular place at a particular time by using mobile learning. 

Indicators of students’ perceptions of mobile media. Perceptions are the process 
of knowing or recognizing objective objects and events using one’s senses or, in other 
words, the process of entering messages or information into the human brain [19]. In 
this study, the researchers used some instruments in assessing students’ perceptions of 
the media. The measurement was divided into four parts of a central theme, including 
kinesthetic or ease of media operation, the experience of using media, learning 
motivation, and authenticity [15].

2.3 Self-directed learning

Definition of self-directed learning. Self-directed learning is an attempt made by 
students to improve knowledge, skills, and achievements related to self-development 
orientation where they use many methods in various situations and relatively independent 
time [35]. Self-directed learning is necessary because it can allow students to work on 
assignments, combining skill and character development, and prepare students to learn 
their whole lives.

Scope of self-directed learning. Self-directed learning includes the way students 
learn every day, adapt to rapidly changing circumstances, and take initiatives when an 
opportunity does not occur or does not present. It is one of the critical determinants 
of modern pedagogical theory based on active student inquiry, where they control 
themselves, make choices about learning, solve problems independently, and form 
abstract conclusions. The success of self-directed learning needs special skills like 
setting learning objectives, plans to study further, strategies, and evaluation of these 
learning objectives [56]. Therefore, self-directed learning needs a relatively high 
cognitive ability. The central issue in implementing self-directed learning is that it 
requires proactive students to choose learning strategies flexibly and the presence of 
activities to monitor and control their learning progress [16]. 

Indicators of self-directed learning. Currently, three tools and theories are used 
to measure self-directed learning (SDL) in the literature, including the Self-directed 
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Learning Readiness Scale (SDLRS), the Oddi Continuing Learning Inventory (OCLI), 
and the Self-Rating Scale of Self-Directed Learning (SRSSDL). The study used several 
indicators to measure students’ self-directed learning, including the level of awareness, 
attitudes, motivation, learning strategies, learning methods, learning activities, 
interpersonal skills, and constructing knowledge [27].

2.4 Digital literacy

Definition of digital literacy. The skills to utilize digital information are critical to 
success in most disciplines and occupations [60]. Digital literacy is critically described 
as the ability to locate the relationship between digital practice and power and have the 
capacity to understand the sociocultural context [44]. It can access and share various 
information sources practically from various media and the ability to present and 
communicate using processes and devices [8].  It also includes the awareness, attitude, 
and ability of individuals to utilize digital tools and facilities properly to identify, 
access, manage, integrate, evaluate, analyze, and synthesize digital resources, build 
new knowledge, create media expressions, and communicate with others, in the context 
of a particular situation in life, to allow constructive social action; and to reflect on this 
process [38].

Digital literacy must be positioned as a right for students to support their full partici-
pation in the community because it increasingly mediates social, cultural, political, and 
financial aspects in life [56]. It can access, comprehend, and create knowledge using 
devices, platforms, and tools generally called digital or information communication 
technology (ICT) [54]. A comprehensive definition of digital literacy is the knowl-
edge, attitudes, and skills required to identify, find, access, retrieve, store, and organize 
information [8]. The focus here is essentially to solve problems, build new knowledge 
through technology and media in a critical, creative, flexible, and ethical way. Digital 
literacy is the skills to utilize digital technology, communication tools, or networks to 
find, evaluate, use, and generate information [31].

Indicators of digital literacy. Many theories about digital literacy are developed 
by various researchers, such as [23], who researched the measurement of digital 
literacy of online learning participants during the pandemic. In this study, Bawden’s 
theory of digital literacy formation connects digital literacy with computer literacy 
and information literacy. The Bawden conception comprises basic literacy skills, 
background knowledge of information, skills in ICT, and attitudes and perspectives 
of the users of information [52]. Basic literacy skills involve the ability to read, 
write, understand symbols, and compute numbers. In the context of online learning, 
this ability can be in the form of understanding terms and symbols (icons) used in 
software, creating a file containing text and images, and sharing these files via digital 
platforms [32, 59]. Background of information knowledge is the ability to use existing 
knowledge to explore new information to enrich the existing knowledge. In the context 
of online learning, background information can be interpreted as the ability to discover 
information online through search engines and select search results to match the online 
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learning context that is being participated. Skills in the field of ICT are creating/
compiling digital content. These skills are the critical competencies in digital literacy, 
which involve assembling information or knowledge. In the context of online learning, 
this ability is related to compiling a document or scientific article as a learning output 
of the subject that is being enrolled. The attitudes and perspectives of information users 
are behaviors associated with using digital information and communicating content 
containing information from other sources [8].

3 Research method

This study was conducted at twelve vocational high schools in Surakarta City, which 
have a major in office administration. The study was conducted starting in October 
2020 to December 2020. The method used in this study was quantitative research with 
a descriptive research type. This study used the descriptive quantitative method to solve 
existing problems based on data in numbers and then analyzed and interpreted. The 
variables in this study consisted of the perceptions of mobile-based interactive learning 
media, self-directed learning, and digital literacy as the X variables (independent) and 
the critical thinking skills as the Y (dependent) variable.

The research population was all 10th-grade students in the Office Administration 
Department who had already received record management in mobile-based interactive 
learning media. The population was 1,960, with a sample of 190 students. This sample 
was taken from the independent variable indicators and the dependent variable indica-
tor multiplied by 10. The sample size was 190 since this study involved 19 indicators 
that included both dependent and independent variables. It was based on the argument 
of [4] that in a multivariate study, the sample size must be several times (5–10 times) 
the number of variables to be studied. The sampling technique used in this study was 
probability sampling with the random sampling type. Random sampling is a sampling 
technique in which the population is taken randomly using a balanced proportion 
according to the position in the population. This sampling technique is used based on a 
homogeneous population that has a definite number.

The data collection technique employed a closed questionnaire with a Likert scale of 
1–7 consisting of 57 initial statement items. The statement items consist of 9 statements 
of critical thinking skills, 12 statements of perceptions of mobile media, 24 statements 
of self-directed learning, and 12 statements of digital literacy. The validity technique 
used the Pearson formula (product-moment) with the r count > r table criteria, while 
the reliability used Cronbach’s alpha formula with the criteria ≥ 0.60. The assumption 
test used Kolmogorov Smirnov’s normality test with criteria of more than 0.05 at a tol-
erance of 5%. Hypothesis testing used the Structural Equation Model (SEM) analysis 
to determine the effect of the variables of perceptions on mobile media, self-regulated 
learning, and digital literacy on the formation of critical thinking skills through the 
SPSS Amos application version 26.
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4 Results

4.1 Instrument validity test

Testing the validity of the statement items in the questionnaire aimed to verify the 
accuracy of these items in measuring the concepts intended in this study. This study 
used construction validity using the Pearson formula (product-moment) with rough 
numbers. Questionnaire items can be declared valid if Rcount > Rtable. The value of 
Rtable is at the 5% significance level, with the number of N (amount of data) of 30 
respondents was 0.36. The analysis results show that the validity of each statement 
item was greater than 0.36. Therefore, Rcount on each statement item > Rtable (0.36). 
These results indicate that all 57 statement items were declared valid and could be used 
in questionnaires distributed to the respondents.

4.2 Instrument reliability test

The reliability test in this study aimed to determine the accuracy of the instrument’s 
measurement so that it remains consistent when two or more measurements were made 
of the same symptoms using the same measurement tool. The instrument reliability test 
in this study used Cronbach’s alpha formula. For each item in the variables, the instru-
ment used would be considered reliable when the Cronbach’s alpha > 0.60. The reli-
ability test in this study used the SPSS Amos application version 26. These results show 
that the values of all statement items had a Cronbach’s alpha value > 0.60. Therefore, 
all 57 statement items were reliable and feasible to be distributed among respondents.

4.3 The results of hypothesis testing

Structural model evaluation. Structural models can be evaluated using r-squares 
for each endogenous latent variable as predominant strength and structural models. 
In this study, hypothesis testing was performed using the magnitude of the structural 
coefficient and stability of the estimate, which was evaluated using the t-statistical test. 
The test was obtained through a bootstrapping procedure.

Table 2. The r-squares values

Variable r-Squares Value

Perceptions of Mobile Learning Media (X1) –

Self-Directed Learning (X2) 0.958

Digital Literacy (X3) 0.892

Critical Thinking Skills (Y) 0.782

Source: Primary data processed, 2020.

Table 2 regarding the r-squares values indicates that the coefficient of determination 
on each variable was endogenous. In the variable of self-directed learning, the r-squares 
value was 0.958, indicating that the variability of self-directed learning can be explained 
by the variable of perceptions of mobile learning media by 95.8%. In comparison, the 
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other 4.2% is explained by other factors outside the variables studied in this study. In 
the variable of digital literacy, the r-squares value was 0.892, indicating that 21st-cen-
tury digital skills and entrepreneurship education can explain the variable of personal 
effectiveness competency in entrepreneurship by 89.2%. In comparison, the other 
10.8% is explained by other factors outside the variables examined in this study. In the 
variable of critical thinking skills, the r-squares value was 0.782, indicating that the 
variable of critical thinking skills can be explained by self-directed learning and digital 
literacy by 78.2%. In comparison, the other 21.8% is explained by other factors outside 
the variables researched in this study.

Path analysis results. The results of the analysis are derived and presented in the 
table as follows:

Table 3. Relationship between variables

Variable Coefficient Relationship

Variable X1 → Variable X2 0.975 Direct

Variable X1 → Variable X3 0.948 Direct

Variable X1 → Variable Y –1.275 Direct

Variable X2 → Variable Y 0.844 Direct

Variable X3 → Variable Y 1.317 Direct

Variable X1 → Variable X2 → Variable Y 0.823 Indirect

Variable X1 → Variable X3 → Variable Y 1.25 Indirect

Source: Primary data processed, 2020.

Furthermore, the resulting research output is also presented through the path dia-
gram as follows:

Fig. 1. Path diagram
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Table 3 and Figure 1 present the relationship between variables, obtaining a model 
consisting of 7 lines. The seven lines are composed of 5 lines with a direct relationship 
and two lines with an indirect relationship. Direct relationship means that no interme-
diate variables connect one variable to another. An indirect relationship means an inter-
mediary variable (the mediating variable in this study) connects one variable.

The value of the direct and indirect relationships between variables can be found 
out through an equation based on the coefficient value. This study had four variables, 
including variable X1 (Perceptions of mobile-based learning media), variable X2 
(Self-directed learning), variable X3 (digital literacy), and variable Y (critical thinking 
skills). The direct relationship between variable X1 and variable X2 was obtained from 
the cumulative coefficient of variable X1 and variable X2 (variable X1 → variable X2). 
The direct relationship between variable X1 and variable X3 was obtained from the 
cumulative coefficient of variable X1 and variable X3 (variable X1 → variable X3). 
The direct relationship between variable X1 and variable Y was obtained from the 
cumulative coefficient of variable X1 and variable Y (variable X1 → variable Y). The 
direct relationship between variable X2 and variable Y was obtained from the cumula-
tive coefficient of variable X2 and variable Y (variable X2 → variable Y). The direct 
relationship between variable X3 and variable Y was obtained from the cumulative 
coefficient of variable X3 and variable Y (variable X3 → variable Y). Furthermore, the 
indirect relationship in this study was found in variable X1 to variable Y through vari-
able X2 (the coefficient was obtained from the coefficient of variable X1 → variable X2 
x the coefficient of variable X2 → Y) and variable X1 to variable Y through variable X3 
(the coefficient was obtained from the coefficient of variable X1 → variable X3 x the 
coefficient of variable X3 → Y).

The goodness of fit test. The results of the goodness of fit test can be seen in the 
following table:

Table 4. The results of the goodness of fit model

Measurement of the Goodness of Fit Threshold of the Goodness of Fit Results

Chi-Square The smaller, the better 495.220

RMSEA 0.05≤RMSEA≤0.08 0.112

TLI 0.80≤TLI≤1 0.884

CFI 0.80≤CFI≤1 0.900

NFI 0.80≤NFI≤1 0.865

Source: Primary data processed, 2020.

Table 4 presents the results of measuring the goodness of fit, showing the results 
of various measuring instruments. First, as seen from the chi-square, the result in this 
model was 495.220. These results indicate a high value and not following the threshold, 
given that the smaller the chi-square, the better. The chi-square number is susceptible 
to the number of samples, whereas this study had a large sample of 190 students. The 
use of the chi-square measuring instrument needs to be supported by other measuring 
instruments to obtain more representative results. The value of the second measuring 
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instrument in this model of the Root Mean Square Error of Approximation (RMSEA) 
was 0.112. The results show that the model conformity level was outside the require-
ments, indicating that this model has a moderate level of conformity when seen from 
the RMSEA.

It is essential to add measuring tools to meet the requirements so that the model 
is in a good category and can be used for further analysis. The following measuring 
tool was the Tucker-Lewis Index (TLI) and Normed Fit Index (NFI), measuring incre-
mental fit by comparing the proposed model with the basic model. The TLI value was 
0.884, while the NFI value was 0.865, indicating the model was in good fit criteria. The 
last measuring tool was the Comparative Fit Index (CFI), an incremental fit index and 
highly recommended because it is insensitive to the number of samples. The CFI value 
was 0.900 and was included in the good fit criteria. The conclusion is that the overall 
path analysis equation model was acceptable, and hypothesis testing can be continued.

Hypothesis testing. Hypothesis testing in this study used the regression weight 
analysis of the significance of the magnitude. This analysis was performed to determine 
the overall effect, direct effect, an indirect effect of the relationship between the 
variables researched. The basis for making decisions on this significance test include:

1) If the p-value < alpha of 0.05, then the hypothesis becomes null (0), and H0 is 
rejected, indicating that there is an effect between the two variables statistically 
(significant).

2) If the p-value > alpha of 0.05, then the hypothesis becomes null (0), and H0 fails to 
be rejected, indicating that there are no effects between the two variables statisti-
cally (significant).

The following is a table of results of the analysis of the amount of regression on the 
path diagram:

Table 5. Weight regression results

Path Standardized 
Beta p-Value Decision Types of 

Relationships

Variable X1 → Variable X2 0.975 0.000 Significant Positive

Variable X1 → Variable X3 0.948 0.000 Significant Positive

Variable X1 → Variable Y –1.275 0.049 Significant Negative

Variable X2 → Variable Y 0.844 0.000 Significant Positive

Variable X3 → Variable Y 1.317 0.000 Significant Positive

Variable X1 → Variable X2 → Variable Y 0.823 0.000 Significant Positive

Variable X1 → Variable X3 → Variable Y 1.25 0.000 Significant Positive

As shown in Table 5 above, the Regression Weight results show significant values, 
indicating that all relationships of the variables have a significant effect. The following 
are the results of the hypothesis testing in detail:
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1. Hypothesis Testing 1
  H0: There is no significant positive effect on perceptions of mobile-based learning 

media on self-directed learning.
  H1: There is a significant positive effect on perceptions of mobile-based learning 

media on self-directed learning.
  Based on the results of the hypothesis testing, the coefficient of the effect of 

perceptions on mobile-based learning media on self-directed learning was 0.975. 
It indicates a positive coefficient which means that it had a positive relationship. 
Moreover, the p-value was 0.000 < 0.05. It means that the relationship between these 
two variables was significant, so that H0 was rejected. It can be concluded that there 
was a significant positive effect on perceptions of mobile-based learning media on 
self-directed learning. 

2. Hypothesis Testing 2
  H0: There is no significant positive effect on perceptions of mobile-based learning 

media on digital literacy.
  H1: There is a significant positive effect on perceptions of mobile-based learning 

media on digital literacy.
  Based on the results of the hypothesis testing, the coefficient of the effect of per-

ceptions on mobile-based learning media on digital literacy was 0.948. These results 
indicate a positive coefficient which means that it had a positive relationship. More-
over, the p-value was 0.000 < 0.05. It means that the relationship between these 
two variables was significant, so that H0 was rejected. In conclusion, there was a 
significant positive effect on perceptions of mobile-based learning media on digital 
literacy.

3. Hypothesis Testing 3
  H0: There is no significant positive effect of perceptions of mobile-based learning 

media on critical thinking skills.
  H1: There is a significant positive effect of perceptions of mobile-based learning 

media on critical thinking skills.
  Based on the results of the hypothesis testing, the coefficient of the effect of per-

ceptions on mobile-based learning media on critical thinking skills was –1.275. 
These results indicate a positive coefficient which means that it had a positive rela-
tionship. Moreover, the p-value was 0.049 < 0.05. It indicates that the relationship 
between these two variables was significant but had a negative relationship, so that 
H0 failed to be rejected. In conclusion, there was no significant positive effect on the 
variable of perceptions on mobile-based learning media on critical thinking skills.

4. Hypothesis Testing 4
  H0: There is no significant positive effect of self-directed learning on critical 

thinking skills.
  H1: There is a significant positive effect of self-directed learning on critical think-

ing skills.
  Based on the results of the hypothesis testing, the coefficient of the effect of 

self-directed learning on critical thinking skills was 0.844. These results indicate a 
positive coefficient which means that it had a positive relationship. Moreover, the 
p-value was 0.000 < 0.05. This means that the relationship between these two vari-
ables was significant, so that H0 was rejected. The conclusion was that there was a 
significant positive indirect effect of self-directed learning on critical thinking skills. 
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5. Hypothesis Testing 5
  H0: There is no significant positive effect of digital literacy on critical thinking 

skills.
  H1: There is a significant positive effect of digital literacy on critical thinking 

skills.
  Based on the results of the hypothesis testing, the coefficient of the effect of dig-

ital literacy on critical thinking skills was 1.317. These results indicate a positive 
coefficient which means that it had a positive relationship. Moreover, the p-value 
was 0.000 < 0.05. It means that the relationship between these two variables was 
significant, so that H0 was rejected. In conclusion, there was a significant positive 
indirect effect of digital literacy on critical thinking skills. 

6. Hypothesis Testing 6
  H0: There is no significant positive effect of perceptions on mobile-based learning 

media on critical thinking skills through self-directed learning skills.
  H1: There is a significant positive effect of perceptions of mobile-based learning 

media on critical thinking skills through self-directed learning skills.
  Based on the results of the hypothesis testing, the coefficient of the effect of percep-

tions on mobile-based learning media on critical thinking skills through self-directed 
learning was 0.823. These results indicate a positive coefficient which means that 
it had a positive relationship. Furthermore, the p-value was 0.000 < 0.05. It means 
that the relationship between these two variables was significant, so that H0 was 
rejected. It can be concluded that there was a significant positive effect of percep-
tions of mobile-based learning media on critical thinking skills through self-directed 
learning abilities.

7. Hypothesis Testing 7
  H0: There is no significant positive effect of perceptions on mobile-based learning 

media on critical thinking skills through digital literacy.
  H1: There is a significant positive effect of perceptions of mobile-based learning 

media on critical thinking skills through digital literacy.
  Based on the results of the hypothesis testing, the coefficient of the effect of per-

ceptions on mobile-based learning media on critical thinking skills through digital 
literacy was 0.817. These results indicate a positive coefficient which means that it 
had a positive relationship. Furthermore, the p-value was 0.000 < 0.05. It means that 
the relationship between these two variables was significant, so that H0 was rejected. 
In conclusion, there was a significant positive effect on perceptions of mobile-based 
learning media on critical thinking skills through digital literacy.

5 Discussion

Perceptions of learning media measured through the student’s point of view greatly 
influence students’ habits. The measurement consisted of kinesthetic or ease of opera-
tion of the media, the experience of using media, learning motivation, and authenticity. 
First, the ease of operation will enable students to improve learning strategies and 
learning activities, which construct self-directed learning skills [15]. Second, the expe-
rience of using media becomes a stimulus to increase the level of students’ awareness of 
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the importance of learning and the establishment of student attitudes in learning which 
is a variable of self-directed learning [26]. Third, measuring learning motivation helps 
shape and improve interpersonal skills and motivation to learn independently. Finally, 
the authenticity of the media can uniquely construct knowledge based on the objectives 
of each media and can indoctrinate student learning methods according to the media 
applied. All media perceptions correspond to improvements in self-directed learning 
skills [27, 35, 50].

On the other hand, perceptions of mobile-based learning media cannot be separated 
from the increase in digital literacy. First, ease of operation affects basic digital literacy 
skills [6, 28]. Through easy operation, students can construct knowledge about digital 
technology used in learning. It can also improve skills in the ICT field [23]. In mea-
suring experience and motivation in learning, these indicators can build the attitudes 
and perspectives of information users to show awareness in learning through the latest 
media [10].

After the behavior of self-directed learning is formed, critical thinking skills will be 
formed constructively. Independent learning is a learning strategy that is considered 
helpful in times of the pandemic as it happened today. The application of SDL can be 
carried out in various ways. One of them is the use of video game technology [58]. The 
application of SDL can also be carried out through digital technology precisely [2, 46]. 
Self-learning or self-direct learning has some objectives that must be achieved, such as 
increasing cognitive quality [12].

Furthermore, independent learning can also improve the quality of output of the 
students [27]. Based on these two objectives, it can be concluded that the main objec-
tive of SDL is the development of students, especially in the cognitive aspects. One of 
the skills that the development of students in the cognitive aspect needs to have is the 
ability to think critically. This is consistent with the findings from [25], which showed 
that SDL helps increase critical thinking skills using specific methods.

Critical thinking is not only formed through self-directed learning behavior but also 
adequate literacy skills. In this study, literacy has been narrowed down to digital lit-
eracy according to the media knowledge framework. The primary purpose of digital 
literacy is to create the skills to think according to the information obtained. In fact, 
in the formation of 21st-century digital skills, the component needed to be integrated 
is critical thinking [31, 59]. Critical thinking has been identified as an essential skill 
because, in an online environment, participation and resources are created with various 
intentions and competencies. Online content must be critically assessed in this age of 
disinformation and fake news. People need to understand its nature and source. The 
focus is on message quality concerning performance in the argument. It is essential 
for students to filter incoming online information and communications quickly and to 
extract valuable information. People must generate critical reflections on the points 
discussed online and provide argument support that leads to online discussions [31]. To 
improve critical thinking skills, people need to carry out efforts related to basic knowl-
edge that is important to reformulate independently, argue from a particular perspective 
and have an opinion [61].

As revealed by the path analysis, there is an indirect relationship between percep-
tions of mobile-based learning media and critical thinking skills. Both of these variables 
were significant but negatively related. This is in line with several previous findings, 
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which stated that perceptions of mobile-based learning media could not directly affect 
students’ learning skills, such as thinking critically. Perceptions of the media must go 
through the variables of increasing learning behavior and master ICT to affect students’ 
measurable abilities [22, 49, 63–64]. Therefore, the results in this study showed that 
the direct relationship between perceptions and students’ skills are not proven, and the 
relationship between perceptions must go through an increase in self-directed learning 
and digital literacy to be able to positively and significantly affect students’ critical 
thinking skills [13, 17, 29].

6 Challenges

The challenge faced by the researchers in conducting this research is the presence of 
the COVID-19 pandemic so that the distribution of questionnaires is only done through 
online media. In addition, the researchers cannot directly monitor the condition of 
respondents when filling out the research instruments. This situation also forced the 
researchers to reschedule some respondents to fill out the instrument. 

7 Conclusions

Based on the research results and discussion, the conclusions that can be drawn are: 
1) the perceptions of mobile-based learning media cannot directly affect critical think-
ing skills, 2) critical thinking skills can be built from self-directed learning abilities, 
3) critical thinking skills can be built from mastery of digital literacy, 4) self-directed 
learning skills can be built from students’ perceptions of mobile-based learning media, 
5) digital literacy skills can be built from students’ perceptions of mobile-based learning 
media, 6) perceptions of mobile-based learning media can affect critical thinking skills 
through self-directed learning skills mediation, 7) perceptions of mobile-based learn-
ing media can affect critical thinking skills through digital literacy skills mediation. 
These results suggest a new theoretical framework regarding the use of mobile media 
to improve critical thinking skills. These results can serve as the latest contribution of 
critical thinking skills in the long term to enhance the quality of human resources due 
to the ongoing educational process.

8 Limitations

The research limitations are that the interpretation of the results can only describe 
the state of the relationship of the variables descriptively and is limited to the results of 
statistical processing on the questionnaire. For further research, the researchers hope 
that the results of this study can be utilized as a reference to prove the relationship 
between variables through classroom and experimental research.
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