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Abstrak

Evaluation instruments in the student learning process in interactive, fun, challenging, motivating, and
developing students ‘creativity and independence are needed to improve students” High Order Thinking
Skills (HOTS) and digital literacy skills (DLS). HOTS and digital literacy are part of the 21st-century skills
that are important for every individual. This study developed a test instrument integrated with Augmented
Reality (AR) and Google Scholar (GS) to encourage HOTS and students’ digital literacy skills. This type
of research was development research. The subject matter was the scale and comparison. Product trials
were applied to 11th-grade students in Sleman, Indonesia. Product validity was based on expert judgment,
item validity, distinguishing power, difficulty level and reliability. AR was created using the ARLOOPA
application operated with android. The research instrument was designed to increase HOTS and DLS.

Key words: Augmented Reality, ARLOOPA, Digital Literacy Skills, High Order Thinking Skills,

Mathematics.

INTRODUCTION

The 21st-century learning framework
must incorporate technology into the
learning process that focuses on creativity,
critical thinking, communication, and
collaboration. Six components must be
achieved in 21st-century learning, namely:
information

creativity,  collaboration,

fluency, critical thinking, problem-
solving, decision making, citizenship and
concepts and technology. First, students
can demonstrate the ability to think
creatively, build knowledge, and develop
innovative products. Second, learners
can use digital media to communicate
and collaborate

remotely to support

the learning process for themselves and

together. Third, students can apply digital
tools to collect information, evaluate and
process information. Third, students can
do problem-solving and decision making.
Then students have critical thinking skills
to plan and carry out problem-solving and
decision making based on information
using digital technology. Fourth, students
can understand human, cultural and social
problems related to technology legally and
ethically. Finally, students can show a good
understanding of technology concepts
(Thieman, 2008; Rochelle, 2000). In other
words, the current role of education in
the learning process in schools is more
focused on developing student resources,
including Digital Literacy Skills (DLS) and
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High Order Thinking Skills (HOTS).

DLS is an individual's ability to
understand and use information in various
contexts using his ability to think critically
and his skills in using information and
communication technology. Today it
can be seen together that smartphones
have become the primary medium for
communication. Therefore, individuals
are required to have the skill to understand
the text, symbols and graphics digital.
In general, it can be said that human life
today has a new type of knowledge closely
related to the development of the digital
world. Digital literacy is knowledge
and skills

communication tools, or networks to find,

in using digital media,
evaluate, use, and create information. It
alsorelated to utilizing it in a healthy, wise,
intelligent, accurate, precise, and law-
abiding manner in the context of fostering
communication in everyday life (Chan,
2017; Voogt & Roblin, 2012; Koltay, 2011;
Gee, 2003; Gilster, 1997). While HOTS is an
individual’s ability to connect, manipulate,
and change the knowledge and experience
already possessed critically and creatively
in making decisions to solve the problems
at hand (Brookhart, 2010).

One of the technologies that are
considered capable of fulfilling the
needs of DLS and HOTS students is the
Augmented Reality (AR) and Google
Scholar (GS). AR is a smartphone-based
media that can display computer graphics
to the real world. Thus, AR allows users to
see the natural world and the virtual world
simultaneously (Billinghurst, 2002). One
of the current AR development companies
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is ARLOOPA inc. The company created an
application called ARLOOPA that can be
used on both Android and IOS software.
Of course, this is a distinct advantage for
students and teachers. Meanwhile, GS
is a Google service that allows users to
search for scientific materials in text in
published manuscripts. However, there
are growing challenges among school
teachers, especially in Madrasah Aliyah
Miftahunnajah Sleman, regarding whether
AR and GS can be used as effective
technologies in developing HOTS and
DLS -based test instruments.

Instrument test based on High Order
Thinking Skills (HOTS) is a test instrument
that serves to measure higher cognitive
thinking skills, namely thinking skills
that are not merely remembering (recall),
restating, or referring without processing
(reading). HOTS-based assessment in the
context of the evaluation measures the
ability to: transfer one concept to another,
process and apply information, seek
information from several different sources,
use the information to solve problems and
analyzeideas or information critically. Lots
of research has been done on developing
a test instrument to measure students’
HOTS, but it has not met the characteristics
of the digital era.

This
develop a test instrument based on
HOTS and DLS. The instrument test in
question is an instrument that contains
items designed based on the four HOTS

components. It covers reasoning ability,

research was conducted to

argumentation ability, critical thinking

ability, and metacognition ability (Schraw,
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2011). In addition to being developed
based on the HOTS component, the items
were also developed based on the four
DLS components, namely operational
skills, formal skills, information skills and
strategicskills (Lordache, 2017). Inaddition
to measuring students” HOTS and DLS, it
is hoped that the instrument test results
from this development can be a reference
for researchers to increase research on the
development of assessment instruments
that encourage students” HOTS and DLS
(Brookhart, 2010; Djawad, 2018).

METHOD

The research method used is research
and development. The developed product
is based on the following development
steps: information gathering, planning,
initial product development, limited trial,
initial product revision, field trial, and
tinal product revision (Brog & Gall, 1983).
The instrument to measure the validity
is a validation sheet which will then be
analyzed qualitatively. Validation of
instrument carried out aimed to evaluate
the validity of the instrument that is being
developed. The instrument validation
process was carried out at the initial
development stage and was carried out
by five mathematics education experts.
After the instrument was deemed valid,
the instrument was tested on a limited
basis to 5 non-experimental students. At
the same time, field trials were conducted
on 1lth-grade students of Madrasah
Aliyah Miftahunnajah Sleman, totalling 17
students. Trial data analysis was carried

out using classical test theory parameters

to determine the quality of the instrument
empirically as the basis for revising the
questions. The study was carried out on
the results of the expert validation sheet
to see the uniformity of the value of the
instrument validation level. Data in the
form of the value of each item of expert
assessment results were analyzed using
the Aiken’s V formula to calculate the
content validity coefficient using the
following formula (Aiken, 1985).

s

n(c—1)

vy =

where:

>'S = Total difference between the score
given by the expert and the
minimum score.

= Number of experts involved.

= Number of score options that can
be given.

(@]

The data from the analysis is then
compared with the validity categorization
that follows the class range according to
Table 1.

Table 1. Expert Validity Category

Score Category Remark
Range Validity
0,8-1,00 Very high Proper to use
0,6-0,799 High Proper to use
0,4-0,599 Enough Proper to use
0,2-0,399 Low Not worth using
0-0,199 Very low Not worth using
(Koestoro, 2006)

Meanwhile, the data from the test
results to students were analyzed
using SPSS and Microsoft Excel. The
analysis was conducted to determine the
validity, reliability, level of difficulty and
discriminating power of questions. First,
the validity analysis process was carried

out using the product-moment correlation
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of the person with a significance level. In
contrast, the reliability analysis used the
Alfa Cronbach statistical test with the
reliability criterion (Yusup, 2018). Then
the difficulty level analysis was carried out
with the help of Microsoft Excel using the
formula.

Using obtained the value of the
difficulty level, then compared based on
the categorization in Table 2.

Table 2. Difficulty Level Category

Difficulty Level Category
Less than 0.3 Very Difficult
0.3-0.7 Medium
More than 0.7 Easy

With the help of the same application,
then the discriminatory power analysis is

carried out using the following formula.

B BAxJB— BB xJA
JAx JB

DP

where:

BA =The Number of participants in
the upper group who answered
correctly.

BB = The Number of participants in
the lower group who answered
correctly.

JA = The Number of participants in the
upper group.

JB = The Number of participants in the
lower group.

After
distinguishing power, we then compared

obtaining the value of

it based on the categorization in Table 3.

Table 3. Distinguishing Power Category

Distinguishing Category
Power Level
0.71-1.00 Very well
0.41-70 Good
0.21-0.40 Enough
0.00-0.20 Not good

(Arikunto, 2013; Solichin, 2017)
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Data from the test instrument to
studentsin the form lists the value obtained
by the student based on the scoring rubric

Brookhart (2010) as Table 4.

Table 4. Instrument Scoring Rubric

Score Information

2 The answers given are following
the question's intent, and the cal-
culation process/source of infor-
mation is correct.

1 The answers given are following
the question's intent, but there
are still errors in the calculation
process/source of information.

0 The answers given do not match
the intent of the question or do
not answer at all.

RESULT AND DISCUSSION

The initial process carried out in
this study was the preparation of a test
instrument product that contained six
HOTSand DLS questions. Expertvalidation
was carried out by SZN as mathematics
teacher at Muhammadiyah Junior High
School Ayah, Kebumen, ST as mathematics
teacher at Muhammadiyah SMK Mungkid,
Magelang, and TDD as mathematics
teacher at SD Muhammadiyah Pakem,
Sleman. Then to improve the quality of the
test, the researchers involved two students
of Master of Mathematics Education at
Ahmad Dahlan University, Yogyakarta,
namely NR and SY. Next, validation
activities are carried out by giving the
instrument test script to the wvalidators.
Then analyzed using Aiken’s V formula
and obtained a coefficient of 1.00. In other
words, in general, the test instrument has
question items that are very feasible to use.

Based on the results of the limited
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trial to 4 non-experimental students, it
was found that the average time required
by the four students to fill out the test
instrument was 90 minutes. Then from
the results of the assessment of student
work, data obtained by rounding to three
decimal places the results of the validity
analysis using the SPSS application. Based
on the Pearson correlation analysis results,
the conclusion of the item validity test
results is as Table 5.

Table 5. Data from the Validity Analysis
of Limited Test [tems

Question Items Information
la Valid
1b Invalid
2a Valid
2b Valid
3a Valid
3b Valid

Meanwhile, in the analysis of the
reliability, the statistical test results were
obtained Cronbach’s Alpha is .810.

Based on the results of Cronbach’s
alpha analysis above, it was concluded
that the test instrument was categorized
as reliable. After a limited trial was carried
out, then field trials were carried out.
However, before the trial was carried out,
item number 1b was corrected based on the
suggestions of the limited trial participants.
The advice given is to clarify the work
order regarding building construction in
AR, which will be calculated. After the
repair of the item questions is completed,
then a field test is carried out.

Field
determine the validity of the item items,

trials were conducted to

the instrument’s reliability, level of

difficulty and the discriminating power

of the questions. Field trials were carried
out on 11th-grade students of Madrasah
Aliyah Miftahunnajah Sleman, totalling
17 students. At the stage of working on
the test instrument, students are given 90
minutes of processing time according to
the average length of time for students in
a limited trial. After the field trials, data on
the scores achieved were obtained on each
item of the question. An analysis of the
validity of the item items was carried out
using the Pearson correlation statistical
test with the help of the SPSS application.

Based on the

analysis results above, the conclusion of

Pearson correlation

the item validity test results is as Table 6.

Table 6. Data Item Validity Results Field

Test Results
Question Items Information
la Valid
1b Valid
2a Valid
2b Valid
3a Valid
3b Valid

Meanwhile, at the stage of reliability
Cronbach Alpha

statistical test, the results were .840. Based

analysis using the
on the results of Cronbach’s alpha analysis
above, it can be concluded that the test
instrument is categorized as reliable.

The next stage is to test the level of
difficulty and discriminating power of
the questions. The analysis process was
carried out using the help of Microsoft
Excel application. Determination of
students in the upper and lower groups
based on students’ average daily test
scores compared to the KKM (Criteria

for Complete Learning) Compulsory
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Mathematics. From the results of the
analysis obtained the following Table 7.

Table 7. Data on the Level of Difficulty
and Distinguishing Power of Questions

Ques- Diffi- Category Distin- Cate-
tion  culty guishing  gory
Items Level Power
la 047  Medium 0.67 Good
1b 0.65 Medium 0.63 Good
2a 0.53 Medium 0.47 Good
2b 053 Medium 0.75 Good
3a 041 Medium 0.58 Good
3b 0.65 Medium 0.63 Good

It can be seen from the table above
obtained 100% (all) of the items on the test
instrument are in the medium category.
This is not a problem in developing HOTS
questions considering that HOTS questions
do not mean difficult questions. Dr Abdur
Rahman Asdri explained that the items
designed to encourage students to use
HOTS in solving problems did not always
have a high level of difficulty. Students
do not only use recall, restate or recite
throughout the problem-solving process,
but must analyze, evaluate or create,
then such question items are questions
that encourage students” HOTS. On the
other hand, regardless of the difficulty
level of the question, if it is only solved
by using recall, restate or recite, then the
question is not a HOTS question (As’ari,
2019). Meanwhile, from the data, it was
obtained that 100% (all) of the items on the
test instrument had good discriminating
power.

Overall, the statistical instrument test
results based on the data obtained from
the field test scores can be seen in the

following Table 8.
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Table 8. Overall Statistical Test Results
Statistical Scale

Amount Interpre-

tation
Average sig. (2-tailed) .002 Valid
correlation test
Cronbach's Alpha .840 Reliable
Value
Average difficulty 74 Medium
level
Average discriminat- .62 Good
ing power

Based on the data above, the average
sig. (2-tailed) correlation testand Cronbach’s
alpha value were obtained, respectively,
equal to 0.002 and 0.840. That is, the test
instrument that has been made contains
useful items. In addition, at the level of
reliability, the instrument test created is
categorized as reliable. Then, in analyzing
the level of difficulty and discriminating
power of the item items, the average level
of difficulty and discriminating power was
0.74 and 0.62, respectively. This means
that the items made on the test instrument
generally haveamoderatelevel of difficulty
and good discriminating power. At the
field trial stage, the researcher did not
receive any suggestions for improvement
regarding the test instrument’s quality.
Therefore, the test instrument used at
the field trial stage was used as the final
product of this development research.

On the other hand, from the results of
the research that has been shown in the
previous section, it also explicitly explains
that AR can be used effectively and
efficiently as a learning media to improve
HOTS. The

of augmented

students’ development

reality-based learning
media is very possible to do in order to

improve students’ critical thinking skills
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(Syawaludin, 2019; Faridi, 2021). The use
of GS as a media to improve students’
DLS also needs to be tried by teachers in
the learning process. DLS must begin to
be integrated in every learning process
in schools to improve the abilities of 21st
century students (Perdana, 2019). Students
are expected to be not only skilled in using
technological tools, but also need to build
the ability to capture information properly
and have mutual respect in the interaction
process directly or indirectly (Sparks, 2016;
Santos, 2017).

CONCLUSION

Based on the results of the research
and discussion, the following conclusions
were obtained. The final product of this
research is a test instrument that aims
to measure the HOTS and DLS of 11th-
grade high school students. The test
instrument obtained consisted of 6 items
in the form of a description. Based on
the instrument analysis, the average sig.
(2-tailed) correlation test and Cronbach’s
alpha value were obtained, respectively,
equal to 0.002 and 0.840. That is, the test
instrument that has been made contains
valid items. In addition, at the level of
reliability, the instrument test created is
categorized as reliable. Then, in analyzing
the level of difficulty and discriminating
power of the item items, the average level
of difficulty and discriminating power was
0.74 and 0.62, respectively. This finding
means that the items made on the test
instrument generally have a moderate
level of difficulty and good discriminating

power.
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