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Abstract. This research purpose to describe the feasibility of student worksheet with guided
discovery oriented to train HOTS on thermochemistry matter. Research methodology that used
was research and development which consist of 10 stages, but this research is limited to
product trial stages. The result shows that student worksheet is feasible on validity aspect
which viewed from content and construct validity. The content validity get percentage of
85.76% for student worksheet 1 and 85.91% for student worksheet 2. The construct validity
obtained percentage of 87.16% for student worksheet 1 and 2. Practicality aspect is viewed
from student responses that get percentage in range 75-100% and observation of students
activities shows overall relevant activities are greater than irelevant activities. Effectiveness
aspect is viewed from student’s HOTS test result that get gains score in range 0.58-0.96 with
medium (21.875%) to high (78.125%) criteria and knowledge domain test result with >80% of
classical completeness.
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INTRODUCTION problem; identify experiment variables; and
Chemistry is the study of matter and its analyze_ data, C5 (Evaluate) inclqdes_making
change that cannot be taught only through conc_lusmns and C6 (Cre_ate_) which mcludes
theory but need teaching that involves students making hypotheses; designing experimental
to gain hands-on experience through planned proceplures; rnak_lng observational data tables;
experiment activities [1][2]. The chemistry and discovering ideas [7][8].
matter in Xl grade that is less studied and HOTS needs to be trained on students, so
desired by students and need direct experience they have information and are able to
through experiment is thermochemistry [3]. understand, apply, and analyze so that they can
Thermochemistry is the study of heat changes improve their skills in solving problems and
that accompany chemical reactions and phase constructing their own understanding [6][8].
changes that demands analytical, critical, The use of HOTS to teach science gives
logical, and creative thinking [3][4]. Direct students a real opportunity to act like a scientist
experience through experiment activities can through experiment activities during learning to
facilitate students in understanding of prove the facts of the phenomena that occur and
thermochemistry matter [5]. provide solutions of problems [8][9]. Problems
High Order Thinking Skills (HOTS) is the 'Fhat_occur so far, the teache_r feel difficulties and
ability of students to use their thoughts, reason, is still confused how to train students to be able
and actions efficiently and effectively for to think at a higher level even though the
logical, critical, reflective, metacognitive, and teacher in the classroom has an important role
creative thinking [6]. The cognitive domain of in regulating and motivating students to think at
Revised Bloom’s Taxonomy included in HOTS ghlgher level so the appropriate learning media
is C4 (Analyze) which includes formulate is needed [6][10][11].
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Learning media is one of the tools that
teachers can use to help and facilitate the
learning process [11]. Student worksheet is one
type of learning media that serves as a student’s
learning guide and makes it easier for students
to do teaching and learning activities
[12][13][14]. Based on the field study, student
worksheet that already circulate in the market
and used in schools generally contain of matter
with multiple choice question which are still
categorized as C1 (Knowing) and C2
(Understanding). That student worksheet
cannot trained HOTS yet which consist of
analyze, evaluate, and create so the student
can’t be active and creative when chemistry
learning in the class.

Student worksheet to train HOTS is
needed to facilitate students and teacher as
teaching material that is able to encourage
student’s interest in learning and student’s
thinking potency [15]. The using of student
worksheet succeeds to train student’s HOTS
especially in laboratory activity [16][17]. One
of the learning approach that suggested by 2013
curriculum to train HOTS is discovery learning
[18]. The application of discovery learning in
learning activities has a significant effect on the
improvement of student’s HOTS [19][20]. The
application of guided discovery in learning
activity also has a big effect to improve the
student learning outcomes [21][22]. Guided
discovery learning is places students as learning
subjects who no longer only receive the
knowledge from teacher but provide
opportunities for students to actively gain their
knowledge under teacher’s control [23][24].

The results of pre-research data that have
been carried out at MAN 1 Gresik on Tuesday,
October 8" 2019 with 35 respondents shows
that students get scores in the range of 0-40 in
the C4 category; score 0 for the C5 category;
and the score range 0-66.667 in C6 category.
Based on these results, it can be seen that the
average value of student’s HOTS which
involve C4, C5, and C6 is include in the low
category because it has not reached the
minimum completeness criteria for schools
which is 75. The results of student
guestionnaires and teacher interviews show that
62.86% of students have never been HOTS
trained because of time limitation and lack of
student interest in learning chemistry.

Based on the description above, it is
necessary to conduct research entitled
“Development of Student Worksheet with
Guided Discovery Oriented to Train HOTS on
Thermochemistry Matter”.

METHOD

The research type that used is a
development research wirh R&D design
according to [25]. The aim of this research is
the development of student worksheet with
guided discovery oriented to train HOTS of XI
grade students on thermochemistry matter.
R&D design according to [25] consists of 10
stages, however, this research is limited to
sixth stages which is product trial. The
research design consisted of potential and
problem analysis, data collection, product
design, design review, design validation,
design revision, and limited product trials.

The subject of this research are 32
students of X grade who had not receive
thermochemistry matter yet. The instruments
that used to collect data consisted of student
worksheet review sheet, student worksheet
validation  sheet, student questionnaire
responses, student activity observation sheets,
student’s knowledge and HOTS learning
outcomes test sheet.

Data collection methods in accordance
with the instruments that used are involve the
review method, validation method,
questionnaire method, observing student
activity method, and learning outcomes tests
method which consisting of knowledge test
through posttest and HOTS realm test through
pretest and posttest.

Data of student worksheeet validation
were obtained from two chemistry lecturers
and one chemistry teacher. This assessment
uses calculations from the Likert scale
presented in Table 1.

Table 1. Likert Scale

Criteria Score
Very good
Good
Enough
Less

Bad

P NWkOoO

[26]
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The result data from the scale is then
calculated using a formula:

total score gained
X 100%

P(%) = -
( 0) maximum score

The percentage results are then
interpreted using the criteria presented in
Table 2.

Table 2. Validation Interpretation Score

Percentage Critera
0% - 20% Invalid
21% - 40% Less valid
41% - 60% Quite valid
61% - 80% Valid

81% - 100% Very valid

[26]

Student worksheet that developed can be
categorized valid if it is get a percentage of
>61% [26].

Data of student responses were calculated
using the Guttman scale presented in Table 3.

Table 3. Guttman Scale

Score
Response Yes No
Statement (+) 1 0
Statement (-) 0 1

[26]
The data is then processed and calculated
using the following formula:

Percentage for positive statement (%) =

"yes" answer
L yesTanwer 0004
Y respondents

Percentage for negative statement (%) =

"no" answer
L nolanwer 10004
Y respondents

The percentage results above are then
interpreted into several categories according to
Table 4.

Table 4. Practicality Interpretation Score

Critera

Not practical
Less practical
Quite practical
Practical

Very practical

Percentage
0% - 20%
21% - 40%
41% - 60%
61% - 80%
81% - 100%

[26]

Student worksheet that developed can be
categorized practical if it is get a percentage of
>61% [26].

Analysis of observations of student’s
activities during the learning process is seen
from the most dominant activities undertaken
by students in a class. The data is analyzed
using the formula:

Y. frequency of observed student activity

P(%) =
(%) Y. frequency of overall student activity

X 100%

Student worksheets are categorized as
practical if data analysis obtained from all
aspects of the relevant activities is greater than
irrelevant activities. The results of this
analysis are used to support the analysis of
student responses.

Analysis of student learning outcomes
data obtained from the pretest and posttest.
The difference between the pretest and posttest
scores is used to show the improvement of
student’s abilities after using the developed
student worksheet.

This test result data were analyzed using
the N-Gain comparison with the formula:

posttest score — pretest score
[27]

<g>= :
score maximal — pretest score
Assessment scores use a range of
numbers  from 0-100 according to
Permendikbud number 23 of 2016. The results
of the calculation of the gain score are then
interpreted into Table 5.

Table 5. Gain Level Criteria

Gain Score Criteria
<g><0.3 Low
0,7><g>>0.3 Medium
<g>>0.7 High

[27]
The developed student worksheet can be
categorized as effective if students get a
minimum N-Gain of 0.3 or in the medium
category [27]. The effectiveness aspect of the
student worksheet is also reviewed from the
results of the students' knowledge tests which
can be seen from the results of the posttest.
Student worksheets are categorized as
effective if 80% of students get a score of >75
(minimum completeness criteria) for the
knowledge domain test.
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RESULT AND DISCUSSION

The results obtained include the feasibility
assessment of the student worksheet that was
developed. The assessment of the feasibility of
student worksheet is reviewed from several
aspects including validity, practicality, and
effectiveness. Validity aspect is reviewed from
two criteria that is content validity and
construct validity. Practicality aspect is
reviewed from the results of student’s
responses and the observations of student’s
activities at the time of learning. The
effectiveness aspect is reviewed from the
improvement of HOTS test results and
student’s knowledge test results.

The student worksheet with guided
discovery oriented to train student’s HOTS on
thermochemistry matter was developed after an
analysis of existing student worksheet that
being used in schools, curricullum analysis,
objective learning formulation, learning model
analysis, and student’s condition analysis. The
developed student worksheet consists of 2
student worksheet which are experiment
worksheets. Student worksheet 1 discussing the
type of reaction enthalpy and Hess’s law while
student worksheet 2 discussing the concept of
bonding energy and fuel.

This research was tested on 32 students of
Science X grade who have not get
thermochemistry matter yet. The limited trial
research was conducted at SMAN 1 Manyar in
January and February 2020.

Validity of Student Worksheet

The components of content and construct
validity is according to [28] and [29] criteria.
The validation result of student worksheet with

guided discovery oriented to train HOTS were
shown in Table 6.

Table 6. Validation Result

Percentage (%)
and Category
No Aspect Student | Student
Work- Work-
sheet1 | sheet?2
1 Content validity
Suitability with the 89.33 90.67
matter Very Very
Valid Valid
Suitability with 88.15 87.41
learning objectives

Percentage (%0)
and Category

No Aspect Student | Student
Work- Work-
sheet1 | sheet?2

Very Very
Valid Valid
Suitability with 82.22 82.22
HOTS components Very Very
Valid Valid
Suitability with 83.34 83.34
guided discovery Very Very
learning model Valid Valid

2 Construct validity

Suitability with 80 80

language criteria Valid Valid
Suitability with 93.97 93.97
presentation criteria Very Very

Valid Valid
Suitability with 86.67 86.67
graphic criteria Very Very

Valid Valid

Based on Table 6, the student worksheet is
categorized as valid because each assessment
component gets a percentage of >61% [26].
Assessment of content validity and construct
validity is in the range of 80% -93.97% with a
valid or very valid category.

Based on Table 6 known that overall
aspect of content validity get a percentage with
the range of 82.22%-89.33% and have a very
valid category. This result is shown that
termochemistry matter that used and learning
objectives formulation is suitable with 2013
curricullum and the basic competence which
are 3.5 and 4.5 that concerned about the type of
reaction enthalpy, Hess’s law, and bonding
energi. The thermochemistry content that used
in student worksheet 1 which about the type of
reaction entalphy and Hess’s 230su si adapted
from [4] and [30], meanwhile  student
worksheet 2 which about the concept of
bonding energy and fuel is adapted from [31]
and [32]. The HOTS components and learning
approach that used also suitable and organized
well.

The overall aspect of construct validity
that shown in Table 6 get the percentage of
80%-93.93% with valid or very vallid category.
This result is indicated that the used languange
in developed student worksheet is already
suitable with the prevail theorem, the
presentation of student worksheet is very good
and sistematic, also the graphic of student
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worksheet that concerned on font, figure, and
printout quality is very good so it can attrack
the student’s interest. A good quality student
worksheet is using interactive and standard
languange, also attrack the student’s interest in
learning activity so it will easily to understand
by students [33].

Practicality of Student Worksheet

The practicality of student worksheets is
based on the results of student’s responses that
are supported by observations of student’s
activities when learning using the developed
student worksheet. The results of overall

student responses are presented in Table 7.

Table 7. Student Responses Result

No

Aspect

Percentage

Category

1.

This student
worksheet  made
me feel curious and
interested in
learning

96.88 %

Very
Practical

This student
worksheet is
arranged
systematically

100.00 %

Very
Practical

The appearance of
this student
worksheet is
interesting

96.88 %

Very
Practical

*4,

This student
worksheet did not
motivate me to
study

90.63 %

Very
Practical

The experimental
activities in this
student worksheet
provide a real
illustration of the
matter

90.63 %

Very
Practical

*6.

This student
worksheet is not
accompanied by an
explanation that is
easily understood

84.38 %

Very
Practical

The message in this
student worksheet
matches the
material being
studied

87.50 %

Very
Practical

*8.

The use of
language in this
student worksheet
is not easy to
understand

75.00 %

Practical

Using this student
worksheet can help
me be more active
in the learning
process

78.13 %

Practical

No

Aspect

Percentage

Category

*10.

The use of images
in this student
worksheet is not
right

87.50 %

Very
Practical

11.

This student
worksheet helped
me solve a problem
that was systematic
and coherent

90.63 %

Very
Practical

*12.

This student
worksheet  cannot
help me understand
the type of reaction
enthalpy,  Hess's
law and the concept

78.13%

Practical

of bond energy
matter.

13. | This student
worksheet led me
to conduct an
investigation to
reach conclusions
on each problem
The use of student
worksheets did not
make me work with
groups

15. | The contents of the
student worksheet
are arranged
systematically and
make it easy to use

* negative statement

Based on Table 7, the HOTS student
worksheet with guided discovery oriented to
train on thermochemistry matter is categorized
as practical because students' responses to each
component get a percentage of >61% ie in the
range of 75%-100% with a practical or very
practical category. This is supported by
observing student activity data during learning
activities using the developed student
worksheet.

93.75 % Very

Practical

*14, 100.00 % Very

Practical

100.00 % Very

Practical

Statements in the student response
questionnaire relating to content aspect are
shown on number 5,7,9,11,12,13, and 14 while
construct aspects relating to language criteria
are found in statements numbers 6 and 8,
presentation criteria are found in numbers 1,2,4
and 15, also graphic criteria are in statements
number 3 and 10.

Based on the questionnaire result, students
giving responses that experiment activity in
student worksheet can provide the real image of
thermochemistry matter that studied. This
result is suitable with contructivism theory
which see the study as student’s active process
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to construct their knowledge through of text,
dialogue, physical experience, and etc [34].

The activities observed in the learning
activities are adjusted to the guided discovery
learning model used in the student worksheet.
The guided discovery phase according to [35]

includes: (1) stimulation, (2) problem
statements, (3) data collection, (4) data
processing, (5) verification, and (6)

generalization [35]. Activities of students
observed were 16 activities.

Components on the student activity sheet
that are observed include: (1) listening to the
teacher’s explanation, (2) forming groups based
on the teacher’s direction, (3) observing and
reading phenomena in the student worksheet,
(@) discussing/asking questions, (5)
formulating  problems, (6) formulating
hypotheses, (7) determining the variables in the
experiment, (8) designing experimental
procedures, (9) conducting experiments, (10)
writing experimental data, (11) analyzing
experimental data, (12) reading material/
literature to help analyze experimental data,
(13) making conclusions, (14) presenting
experimental results, analysis, and conclusions,
(15) answering questions related to grammar,
and (16) irrelevant activities.

The results of observations of student’s
activities briefly are presented in Figure 1
below.

15
m 1st meeting

12 m 2nd meeting

6
0 h

123456 7 8 910111213141516
Observed activity

©

Frequency (%)

Figure 1. Graphic of Observed Student’s

Activities

Based on Figure 1, it is known that the
overall percentage of each component of
relevant activity is greater than the percentage
of irrelevant activity. This shows that the
developed student worksheet can be said to be
practical. This result can be used as supporting
data for student’s responses to the questionnaire
[36]. The highest percentage of activities at

meeting 1 and meeting 2 is at number 9, which
is conducting an experiment. The percentage of
activities conducted in the first meeting was
12.96% while in the second meeting was
13.33%. This is in accordance with the
developed student worksheet that students are
guided to conduct investigations through
experimental activities to solve the problems
and tasks provided in the student worksheet.

Effectiveness of Student Worksheet

The effectiveness of student worksheets in
terms of learning outcomes tests consisting of
HOTS domain test results and knowledge
domain test results. Each test is done
individually with an allocation of 45 minutes
each. Student learning outcomes test sheet
consists of pretest and posttest questions.
Knowledge learning outcomes test is conducted
to determine student’s understanding of the
material after using the developed student
worksheet. HOTS learning outcomes test is
conducted to determine and measure HOTS of
students before and after using the developed
student worksheet.

Following Figure 2 shows the N-gain
score diagram of students who are the subjects
of limited trials.

100
g 80 78.125
S 60
8
g 40 21.875
T 20
: [

0 0

Low Moderate High

Figure 2. Percentage of Students Gain Scores

Based on Figure 2, it can be seen that
students have increased HOTS test results with
an N-gain range of 0.58-0.96 with moderate to
high categories. The following Table 8 shows
the average improvement in HOTS test results
for students for each HOTS component.

Tabel 8. HOTS Test Results for Each Component

No HOTS Average Score
Component Pretest | Posttest

1 | C4 (Analyze) 41.49 | 80.38

2 | C5 (Evaluate) 0 75

3 | C6 (Create) 32.69 | 9255
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The data in Table 8 is the overall data of
student test results on each HOTS component
before and after learning using the developed
student worksheet. The developed student
worksheet is content of 2 student worksheet
with the type of reaction enthalpy and Hess’s
law in student worksheet 1 and the concept of
bonding energy and fuel in student worksheet
2. The student worksheet is consist of
phenomenon that relevance with the discussed
matter and considered close with student’s
condition.

The phenomenon of student worksheet 1 is
adapted from [4] and [37] which concerned
about obecity and determination the calories of
chips while the phonomenon of student
worksheet 2 was adapted from [31] and [32]
which concerned about alcohol as fuel and
determination of its enthalpy. Based on
phenomenon that student’s read, they have to
anwser the several question that direct them to
conduct an experiment, analyze the data, and
make conclusion to understand the
thermochemistry matter. The question in
student worksheet is adjusted to indicator,
HOTS components, and guided discovery
approach.

The HOTS component in student
worksheet are C4 (Analyze) which includes
formulate problem; identify experiment
variables; and analyze data, C5 (Evaluate)
includes making conclusions and C6 (Create)
which includes making hypotheses; designing
experimental procedures; making observational
data tables; and discovering ideas [7][8].

Based on these data it is known that each
HOTS component consisting of C4 (Analyze),
C5 (Evaluate), and C6 (Create) has an average
value of >75 so that it can be said that HOTS
students have been trained well. This result is
shown that student’s completeness of HOTS
test result reach 100% for individual and
classical completeness in each component.
Based on the Table 8 known that C6 (create)
component have the highest average value. This
result is supported by [38] which state that
student’s ability to design an experiment that
start with hypothesis formulation has a small
positive result. These results cannot be
separated from the existence of training
activities through appropiate learning and the
use of student worksheet [38].

Table 8 also shown that C5 (evaluate)
component have lowest average value than
other components. It is because partly of
students not able yet to conclude correctly. This
result due to student’s information processing
still uncomplete. Students when conclude is
less of concentration so the information their
have is discontinue to short term memory. The
information that enter short term memory will
miss if there is no repeating and concentrating
so the information is discontinue to long term
memory [39].

Knowledge learning achievement test is
used to find out the final knowledge and level
of understanding students have towards
thermochemical material. The problem of
learning outcomes in the realm of knowledge is
in the form of multiple choice questions with
five answers (A-E). The completeness data of
student’s knowledge about the thermochemical
material is presented in Figure 3 below.

100 91

A OO
o O O

9
[

Not Complete

N
o

Percentage (%)

o

Complete

Figure 3. Percentage of Student’s

Completeness

Based on Figure 3, it can be seen the
completeness of student’s understanding of the
thermochemistry matter given. The minimum
completeness criteria for chemistry subjects is
75. Figure 3 shown that 9% of students cannot
reach completeness yet. This result shown that
they  have less  understanding  the
thermochemistry matter.

Based on the constructivism theory,
learning outcomes very depend on the learning
environment, student’s knowledge and need
student’s willingness to accept their studied
knowledge [40]. [41] stated that student’s
understanding develop in different ways on
different assignment and their study experience
have a large effect on student’s cognitive
development rate. This result is supported by
the implication of Piaget’s cognitive theory in
education that is “acceptance of individual’s
difference in advencement of development”.
Piaget’s theory assume that every child pass the
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same development stage but they did it with
different rate [24]. Knowledge learning
outcomes sheet compiled in multiple choice
guestion so there is possiblity that students
answer the question randomly [42].

Classical completeness of knowledge
learning result is obtained if >80% of students
reach the minimum completeness criteria that
applies to the knowledge domain test. Student
worksheets are effective if it is comply with
classical completeness criteria. Based on these
data it is known that >80% of students are said
to be classically complete. This result is
evidence that student worksheets with guided
discovery oriented to train HOTS on
thermochemistry matter can be categorized
effectively used in learning activities.

CONCLUSION

Based on the problem formulation and
discussion that have been described, it can
conclude that student worksheet with guided
discovery oriented to train HOTS in
thermochemistry matter is feasible in term of
validity, practicality, and effectiveness which
are described as follows:

1. Validity aspect is viewed from content
validity and construct validity. The content
validity of student worksheet get
percentage of 85.76% with very valid
category for student worksheet 1 and
85.91% with very valid category for
student worksheet 2. The construct validity
includes language, presentation, and
graphic  criteria  obtained  average
percentage of 87.16% with very valid
category for student worksheet 1 and 2.

2. Practicality aspect is viewed from the result
of student responses that get percentage in
range 75-100% with practical to very
practical category. The results of
observations of students' activities are used
as supporting data which shows that overall
relevant activities are greater than the
activities of students that are not relevant.

3. Effectiveness aspect is viewed from the
student’s HOTS test result that get gain
score in range 0.58-0.96 with moderate to
high criteria and supported by the

knowledge domain test result which shows
the classical mastery learning is >80%.
This shows that there is an increase in
HOTS test results for each student.

SUGGESTION
Some suggestions for improvement in

future research are:

1. The development of student worksheet
with guided discovery oriented to train
HOTS in thermochemistry matter is further
enhanced in C5 (evaluate) category, which
is making conclusion.

2. Student worksheet that used as trial
products in this research were revised
products after validation, so the student
worksheet that used as trial products and
validation is different. The revised student
worksheet that will be used as trial product
should re-validated so the student
worksheet that used in the trial is truly
valid.
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