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Abstract: The purpose of this study is to measure physics students’ data literacy skill by using the MIRECAL learning model. Indonesian students' lack
of data literacy in which data literacy is one of the skills needed in facing the era of industry 4.0 and competing in the working environment, the MIRECAL
learning model has been developed to improve that. The study was conducted through observation of students’ activity and essay assessment towards
students’ worksheets. The improvement level measurement of data literacy skill was conducted against 76 students of the third semester of physics
major who took a mechanics course. The finding of this study shows that there are 24% of students who improve literacy skill at the expert level, 62% at
the proficient level, 14% at the competence level, and no students or 0% at the beginner level. Thus, it is obvious that the MIRECAL learning model was
effective for them to use. This study demonstrated the success of a learning model in improving data literacy skill needed to confront the era of industry
4.0 and compete in the work world. The results of this research contribute to the re-orientation of curriculum policy that is being designed by the
Indonesian government.
Index Terms: Data literacy skill, MIRECAL learning model, The era of industry 4.0.

——————————  ——————————

1. INTRODUCTION
The skills of university graduates in Indonesia are still low
which is represented in The World Economic Forum's report
on The Global Competitiveness. In terms of Skillset of
graduates, in 2019, Indonesia only ranks 37 out of 141
countries, after dropping 4 ratings from the previous year.
Besides, the digital skill owned by the Indonesia productive
population also ranks discouraging. In 2018, Indonesia
reached number 39 then it fell drastically to rank 52 in 2019
[1],[2]. That means that Indonesian students' skill is not
enough as their competence ability to compete in the work
world in the era of industry 4.0. The skills needed in the era of
industry 4.0 are various, especially the one which is related to
the utilization of technology and data. In this article, the
proficiency covered are data literacy skill. There are a lot of
things to do to improve students’ data literacy skill. One of the
efforts is to develop a learning model. The learning model that
has been successfully developed is the MIRECAL model. In
the role of facilitating the establishment of new literacy skill,
one of which is data literacy, this learning model has several
components that are being developed. There are five
components of this model, that are: syntax, support system,
social system, reaction principles and learning impact [3].
MIRECAL's syntax model consists of five modified stages of
the problem-based syntax learning model. Moreover, it also
emphasizes the use of multi representation in physics
learning. This is done so that after studying the MIRECAL
learning model, students are expected to be proficient in data
literacy, technology literacy, and a human literacy, as well as
their ability to solve problems that are also needed in the era
of industry 4.0. Next, we will go further into data literacy. Data
literacy refers to the ability to understand and use data, a
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recent addition to a growing band of literacies such as
numerical literacy, statistical literacy and IT literacy [4]. Data
literacy can be defined by understanding data, explaining, and
documenting data utilities and limitation data by being a critical
consumer of data, controlling the traces of personal data,
discovering meaning in data, and taking action based on the
data. Individual who is aware of data literacy can identify,
collect, evaluate, analyze, interpret, present, and protect the
data [5
The data literacy by Ridsdale [6] is interpreted as the ability to
collect, manage, evaluate, and apply data, has a wide range of
competencies to be achieved including: introducing to data,
discovering and collecting data, evaluating and ensuring
quality and source of data, organizing data, manipulating data,
converting data, creating and using metadata, data accurate,
security, and re-using, preserving data, data tools, analyzing
basic data, interpreting data, identifying problems using data,
data visualization, presenting data (verbally), data-driven
decisions making, critical thinking, data culture, ethics data,
data citation, data sharing and evaluating decisions based on
data. In addition, Maybee & Zilinski [7] proposed a number of
competencies of data literacy for tertiary level namely:
Awareness (understand what data are and its role), Access
(understand how to identify, locate, and use appropriate
datasets and databases), Engage (evaluate, analyze,
organize, and interpret existing data; make decisions based on
data), Manage (plan for and Manage data, including
organizing and analyzing, developing protocols for security
and storage, sharing, and documentation), Communicate
(synthesize, visualize, and represent data), Ethical use
(acknowledge data sources, evaluate and manage risks,
understand issues related to data reuse) and Preserve (be
aware of make practices for long-term storage and use).
Based on the information above, the data literacy skill
observed and become assessment indicators for students is
formulated to five aspects, they are understanding information,
visualization reading, data identification, data criticism, and
evaluation of data impact. The grouping aspects and indicators
of this data literacy skill are adapted to the MIRECAL’s syntax
learning model that not only aims to improve data literacy but
also to improve technology literacy and human literacy.
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In the MIRECAL model, data literacy skill is improved through
learning activities with problem-visualization steps, identifying
and formulating physics-related problems, elaborating by
conducting technology-based experiments, finding a solution
and discussing the results and evaluating it. The proficiency
achievement of the students can be observed through
observation of activities at each stage of the MIRECAL model.
As a support system of the MIRECAL learning model, a module
and students’ worksheets are used. Modules are used because
of module-based learning allows students to achieve learning
outcomes in stages, in a systematic way. Successive, or
iterative, learning allows students to build upon previously
learned skills, encouraging process over memorization or
following rigid instructions, and ultimately making learning an
unfamiliar concept more manageable. Beginning small and
working up to the more complicated tasks allow students to
have confidence in their abilities [8]. The students’ worksheet
as a part of the module is a means for students to report their
learning activities with the MIRECAL model. The students’
worksheet completed is assessed by using the holistic rubric of
the essay assessment technique.
TABLE 1
THE ASPECTS AND INDICATORS OF ASSESSMENT OF DATA LITERACY
SKILL ON MIRECAL MODEL
Aspect
Understanding
Information

Indicator

UI1 Receiving information correctly
UI2 Identifying the variable needed in
data processing
UI3 Being able to identify the other
information needed
VisualisaRV1 Knowing the quantity of physics
tion Reading
in graph, table, and other visuals.
RV2 Describing the textual
information in graph, table, etc.
Identifying
DI1 Identifying how to get the data
data
DI2 Identifying data unit
DI3 Identifying the connection of
each data towards the other
Data critics DC1 Examining the validity of data
collection method
DC2 Analyzing data validity
DC3 Analyzing the validity of data
source
Evaluating
ED1 Identifying data function for the
data impact
next data processing
ED2 Predicting problems solution
based on the data
ED3 Manipulating data
ED4 Interpreting data to various forms
of representation

major who took a mechanics course. They are divided into two
study groups of 41 students of Physics Education (UNP EP),
and 35 students of Non-Educational Physics major (UNP NeP). The measurement of the improvey level of data literacy
skill is done through observation of students’ activity and
essay assessment towards students’ worksheets during the
implementation of MIRECAL model stages. Observation
instruments are in the form of a checklist assessment in four
scales towards each indicator of data literacy skill observed
from the students. The instrument of essay assessment on
students’ worksheets use a holistic rubric. The observation
indicators and essay assessment indicators are shown in table
1 above. The results of the observation and essay assessment
are then calculated to get the interpretation.
TABLE 2
INTERPRETATION OF ASSESSMENT RESULT OF DATA LITERACY

√

√

√

√

√

1
2
3
4

X
X
X
X

√

√

√

√

√
DC2

√
√
√

DC3

√

√
√

√

√

√
√

√

√

√

√
√

Criteria description

Equal to
Taxonomy
Bloom

> 3,4
> 2,8 - 3,4
> 2,2 – 2,8
≤ 1,6-2,2

Expert
Proficient
Competent
Beginner

Able to solve a problem by using the data
Able to evaluating the data
Able to manage the data
Able to collect and identify the data

Level C6
Level C5
Level C4
Level C3

Indicator

√

√

Criteria

TABLE 3
RUBRICS OF ANALYTICAL INSTRUMENT OF STUDENTS ’ DATA
LITERACY OBSERVATION
DC1

√

Average
score

No

Essay Assessment
Obser
vation VR ER SAR SBR SCR SDR
√
√
√
√
√

√

Furthermore, the achievement of data literacy skill grouped by
the level of adaptation adapted from Dreyfus [9] namely: 1)
Novice, merely knowing and understanding the data as a user;
2) Beginner, able to collect and identify data from various
sources; 3) Competence, able to organize data, know the data
needed, know the methods and tools of collecting data,
manipulating data, or converting data; 4) Proficient, able to
evaluate, analyze, interpret/interpret the data; and 5) Expert,
able to implement, share data, and solve problems. Adapting to
the characteristics of the MIRECAL learning model in which the
students are required to collect the required data, the novice
level of improvey is no longer used in this study. Thus the
interpretation of the students’ skill assessment will only use four
levels of improvey of data literacy, namely: beginner,
competence, proficient, and expert.
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DI1

Score
1
Unable to examine the
validity of data
collection method at the
discussion and
evaluation stage
Unable to analyze the
accuracy of data at the
stage of discussion and
evaluation
Unable to trace the
validity of data sources
at the stage of discussion
and evaluation
Unable to identify on
how to get the data

2

3

Less capable of
Capable enough to
examining the validity of examine the validity of
data collection method at data collection method at
the discussion and
the discussion and
evaluation stage
evaluation
Less capable of analyzing Capable enough to analyze
the accuracy of data at
the accuracy of data at the
the level of discussion
stage of discussion and
and evaluation
evaluation
Less capable of tracing Capable enough of tracing
the data sources at the
the data sources at the
stage of discussion and stage of discussion and
evaluation
evaluation
Less capable of
Capable enough to
identifying how to get
identify how to get the
the data
data

4
Able to examine the
validity of data
collection methods at
the discussion and
evaluation stage
Able to identify the
accuracy of data at the
stage of discussion and
evaluation
Able to trace data
sources at the
discussion and
evaluation stage
Able to identify how to
get the data

4 RESULT
In general, the observation result of students' learning
activities and students-worksheet assessments during the
implementation of MIRECAL learning model can be assessed
well in order to build data literacy skill, the result is represented
in Figure 1 below.

3 METHODS
In this research, the implementation of the MIRECAL learning
model was carried out at the Universitas Negeri Padang (UNP)
involving 76 students of third-semester students of physics

Fig. 1. Result of data literacy skill achievement by physics students
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TABLE 4
HOLISTIC RUBRIC OF STUDENTS’ WORKSHEET ASSESSMENT
No
1

2

3

4

5

Dimension

Criteria

Comment Score

Visualization  Writing the physical magnitude in the video into the 'Visualization report'
reading
 Describing the textual information presented in the video into the '
‘Visualization report '.
 Writing the physical quantity of the tracking result on 'Solution report A
and D’
 Describing the textual information that is presented from previous
activities into 'Solution report A and D’
Understanding  Writing phenomen and variables into the 'Visualization report '
information  Writing the right variables to the ‘Elaboration report, Solution report of A
and B '
 Identifying the other variables needed to solve the problem into the '
elaboration report, Solution report A and B'
Identifying  Writing data unit on the 'Elaboration report and Solution report A'
data
 The written data on the 'Elaboration report and Solution report A' are
interconnected.
Data critics  Writing data on 'Solution report A and B' that is used for analysis to find a
solution.
 Writing a predictable solution based on the data in the 'Solution report A,
B and D'.
 Manipulating data on 'Solution report B '
 Representing the data to the graph form on 'Solution report B and C '
Evaluating  Correcting the validity of data collection method is visible in the ' ‘Solution
data impact
report D'.
 Analyzing the accuracy of the data which is visible in the 'Solution report
B and D'.
 Tracing the validity of data sources are visible in the 'Solution Report D’

From the Figure 1 above, it can be explained that from 76
students, there are 24% of students who improve literacy skill at
the expert level in which 12% of the students are from EP class
UNP and 12% of them are from N-eP class UNP. This explains
that quantitatively 18 students are capable of implementing,
sharing data, and solving problems by using the data gained
during the learning process. Moreover, for the proficient
category, there are 62% of students can evaluate, analyze,
interpret the data in which 33% derived from the students of EP
class UNP and 29% of the students are from N-eP class UNP.
On the competence criteria, there are 14% of students in which
9% were from EP class UNP and 5% students were from N-eP
class UNP which signifies that 11 of them have the ability to
organize the data, to identify the required data, to identify the
methods and tools of collecting data, to manipulate the data, or
to convert the data. Through MIRECAL learning, the researcher
does not find the ability of students at the beginner level, it
means that all of the students already have the ability to collect
and identify data from various sources. This relates to their
stimulus in the learning process with the MIRECAL model in
which the students' modules have been clearly informed of what
data to collect and how to obtain it. From the observation, it also
appears that besides the data literacy skill, this success also
comes from the good impact of students’ cooperation and
collaboration during the learning process.
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5 CONCLUSION
This study demonstrated the success of a learning model in
improveing the data literacy skill needed to confront the era of
industry 4.0 and compete in the work world. The results of the
research contribute to the re-orientation of curriculum policy
that is being designed by the Indonesian government.
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