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ABSTRACT 

21st century education is becoming increasingly important to ensure learners have learning and innovating skills, skills 
using technology and information media. One of the skills of the 21st century is learning and innovating skills including 
high-level thinking skills. The object of this study was the development of teaching materials in the general chemical 
network of HOTS-based media-based stoichiometry materials, designed to be accessible to students online as well as 
improve students' high-level thinking skills. Through this HOTS-based media integrated online teaching material, 
students are trained to think critically, creatively, analytically about the information and data available in solving 
problems, as well as independent teaching materials that students can learn anytime and anywhere. The teaching 
materials products in the HOTS-based media integrated network developed have been declared valid and proven 
effective in improving students' high-level thinking skills in stoichiometry materials. 

Keywords: HOTS, Teaching materials, Stoichiometry, Integrated network, HOTS-based media.  

1. INTRODUCTION 

The principle of 21st century learning uses a learner-
centered learning approach in which teachers and 
lecturers act as facilitators. The quality of an education 
also always refers to the results or academic 
achievements achieved by learners, where good quality 
of education is the goal of education itself. The results of 
the International Programme for International Student 
Assessment (PISA) study showed the achievements of 
reading literacy, mathematical literacy, and scientific 
literacy achieved by Indonesian students are very low and 
can only occupy the bottom 10 from 65 countries. Trends 
in International Mathematics and Science Study (TIMSS) 
shows Indonesian students are ranked very low in the 
ability (1) to understand complex information, (2) theory, 
analysis and problem solving, (3) the use of tools, 
procedures and problem solving, and (4) conduct 
investigations [1]. 

Of course, there are many factors that cause the low 
results of pisa studies and one of the contributing factors 
is because students in Indonesia are poorly trained in 

solving contextual questions, demanding reasoning, 
argumentation and creativity in solving them, where the 
questions are characteristic of TIMS questions. Various 
efforts have been made by the government to address the 
problem including efforts to improve the curriculum to 
curriculum 2013. One of the efforts in improving the 
2013 Curriculum is the improvement of assessment 
standards, by gradually adapting the international 
standard assessment model. Improved assessment of 
learning outcomes is expected to help students to 
improve high-level thinking skills (HOTS) and is 
expected to encourage students to think broadly and in 
depth about learning materials. HOTS is part of Bloom's 
taxonomy of revisions in the form of operational verbs 
consisting of analysis (C4), evaluation (C5) and creative 
(C6) that can be used in the preparation of questions. 

Higher Order Thinking Skill (HOTS) is a high level 
of thinking skills that demand critical, creative, analytical 
thinking, information and data in solving problems [3]. 
High-level thinking is a type of thinking that tries to 
explore questions about existing knowledge regarding 
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issues that are not clearly defined and do not have a 
definite answer [4]. 

 Low levels of thinking ability are not only 
experienced by students at the school level, but this is 
also the case for students in college. The results of the 
initial study, which researchers conducted, found that 
there are still many new students whose high level of 
thinking skills are still low including in general chemistry 
courses. As a result of the researchers' analysis, most 
students still find it difficult to solve HOTS questions on 
the C4-C6 indicator. Each individual's high level of 
thinking ability certainly varies depending on the 
exercises often performed to develop it. In addition to the 
use of strategies or learning models by teachers / 
lecturers, other factors that also determine the success of 
learners in learning are teaching materials that students 
use as learning resources. Supporting the implementation 
of an effective learning process, cannot be separated from 
the use of teaching materials. Teaching materials that can 
be used by students as a source of self-learning have an 
important role in improving and developing their high-
level thinking skills. Teaching materials can be packaged 
in printed and non-printed form [5].  

An educator including lecturers are also required to 
be able to design teaching materials that are oriented to 
active student engagement and are expected to stimulate 
students to be able to think high levels. It is also in 
accordance with the concept of 21st century education, 
namely century skills, scientific approach, authentic 
learning, and authentic assessment. One of the skills of 
the 21st century is learning and innovation skills that are 
able to think creatively, work creatively, and create new 
innovations. When students are directed to be able to 
think critically and creatively means students are targeted 
to have a high level of thinking skills. The development 
of appropriate teaching materials and in accordance with 
the needs of students is the best effort to be able to 
improve the achievement of student academic 
achievement and foster high-level thinking skills of 
students. To produce a good quality of teaching 
equipment or materials, the teaching materials must be 
prepared and planned carefully to produce a good 
learning activity.  

In addition to the use of teaching materials as a 
learning resource for students, another factor that also 
needs to be considered by a lecturer is the use of 
innovative and constructive learning media in 
reconstructing students' knowledge, abilities and 
creativity. The development of information technology 
and communication in today's digital era seems 
unstoppable. Today the world has entered the digital-
based 4.0 industry where technology has become the 
most basic thing and brings the current generation into 
the world of digital literacy that has fused with the current 
state of society. This condition makes the community 
easier, faster and has a greater chance of finding various 

information and able to overcome the limitations of space 
and time. 

In the era of industrial revolution 4.0, various human 
resources in all fields are required to have digital skills 
especially in the field of education. Various technologies 
should already be applicable in classroom learning 
activities. An educator, both teachers and lecturers, needs 
to plan innovative and creative strategies, teaching 
materials and learning media by utilizing technology-
based learning. One of the media that can be applied in 
the learning process is Adobe Flash and Articulate Story 
Line (online-based) media. 

The use of computer media (multimedia) can be an 
alternative because it can integrate molecular animation 
and video demonstrations [6]. The development of 
technology triggered the rapid development of e-
learning, a wide variety of software or programs that have 
been provided for learning media that can be accessed at 
any time and all places. The development of e-learning 
triggered the creation of interactive learning media [7]. 
One of the most supportive software in its application as 
an interactive learning medium is Adobe Flash CS6 
which has all multimedia elements so that it can be used 
to the maximum to improve the learning process and 
student achievement. This Adobe Flash CS6 application 
is a medium that contains elements of motion, images, 
and sound. For example, in the form of presentation 
media, interactive media [9]. The use of interactive 
learning media with Adobe Flash CS6 can be an 
alternative learning medium and able to make learning 
more varied, attract students' learning interests, and get a 
positive response from students [7], it is expected that 
students can directly see simulations/images that 
resemble the actual phenomenon, so that students are able 
to understand at once [10]. 

The Media Articulate Story Line can also be 
developed into a learning medium to overcome students' 
difficulties in learning [11], can be developed to attract 
students' attention [12], arouse motivation and stimulate 
students to learn, provide an integral or comprehensive 
experience from concrete to abstract. Articulate Storyline 
is software that functions as a medium of communication 
or presentation. Learning media using this software is no 
less interesting than other interactive media. Articulate 
Storyline is an advanced software that can build 
interactive e-learning modules. Articulate Storyline's 
look is similar to PowerPoint but offers more perks [15]. 

Based on the phenomenon and description above, it is 
necessary to develop teaching materials in an integrated 
network of media based on Higher Order Thinking Skills 
(HOTS) in general chemistry courses that are expected to 
support the implementation of effective and optimal 
learning processes. Teaching materials that need to be 
developed in the form of digital books in the network that 
integrated media Adobe Flash and Articulate Story Line 
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(based online) based higher order thinking skills (HOTS) 
in the course of General Chemistry. 

2. METHODS 

This research includes a type of research and 
development (R&D) that is a type of research that 
produces products instead of testing a theory. Research 
and development is a process used to develop and 
validate educational products [16], test the effectiveness 
of those products [17], and be accountable [18]. The 
result of this development research is teaching materials 
in network or digital book integrated media (Adobe Flash 
and Articulate Story Line) based higher order thinking 
skills (HOTS) in the course of General Chemistry 
Stoichiometry materials.  

The development model used refers to the ADDIE 
development model. The procedure is carried out through 
several stages, including: (a) Analysis, (b) Design, (c) 
Development (d) Implementation, and (e) Evaluation. 
Techniques and instruments used in this study include: 
interviews, validation sheets and tests. Interviews are 
used for data collection when conducting research as 
preliminary study materials to look for problems to be 
researched. Interviews are also used in product trials both 
at the time of validation to experts and product trials in 
the field as consideration in the improvement of 
developed teaching materials. Validation sheets are used 
to obtain data on the validation results of experts on hots-
based media integrated teaching materials developed. 
The results of the expert validator assessment will be 
tested for feasibility or validity. The test instruments are 
prepared to obtain data on the high level of thinking 
ability (HOTS) of students. Tests are compiled and 
developed according to HOTS indicators including C4, 
C5 and C6. 

The data of the research results are analyzed 
gradually to determine the feasibility (validity) and 
effectiveness of teaching materials in the developed 
network. Expert validation data is analyzed taking into 
account feedback, comments, and suggestions from 
validators. The results of the analysis served as a 
guideline to revise the teaching materials developed. The 
validity of the teaching materials that have been created 
can be seen from the validation sheet filled by the expert 
validator and the results of the Q&A during the validation 
process. The effectiveness of the teaching materials 
products developed was obtained from the results of the 
student's high-level thinking ability (HOTS) test. Test the 
effectiveness of the developed teaching materials 
analyzed from hots enhancement with t-test or paired 
approach of t-test samples with the help of SPSS 
program. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Validation results of teaching materials in 

the network 

The validity (feasibility) of the materials developed is 
validated by 3 expert validators. The results of expert 
validators on teaching materials in the Stoichiometry 
material network obtained an average total score of 4.22 
or declared valid. In terms of eligibility the content 
obtained an average score of 4.28 (valid); on the aspect 
of presentation eligibility obtained an average score of 
4.20 (valid); on the aspect of language eligibility obtained 
an average score of 4.22 (valid); and in the graphing 
aspect obtained an average score of 4.18 (valid). 

Table 1 Validation results of teaching materials in the 
stoichiometry. 

Aspects of 

assessment 

Validator (mean 

score) 
Total 

mean 
Criteria 

I II III 

Content 

eligibility 

4.25 4.42 4.17 4.28 Valid 

Presentation 

eligibility 

4.10 4.30 4.20 4.20 Valid 

Language 

eligibility 

4.00 4.44 4.22 4.22 Valid 

Graphworthiness 4.00 4.27 4.27 4.18 Valid 

Mean total validation 4.22 Valid 

3.2. HOTS-based media validation results on 

material aspects 

The validity (feasibility) of HOTS-based media 
developed on material aspects is validated by 2 expert 
validators. The results of the material expert validator on 
HOTS-based media Stoichiometry material obtained an 
average total score of 4.20 or declared valid. In terms of 
scope and depth of material obtained an average score of 
4.22 (valid); on the aspect of accuracy of presentation 
(systematic) and not misconceptions on the material 
obtained an average score of 3.94 (quite valid); on the 
aspect of conformity and clarity of animation on the 
material obtained an average score of 3.89 (quite valid); 
on the aspect of clarity of the formula on the material 
obtained an average score of 4.11 (valid); on the accuracy 
aspect of the sample of the problem in each learning 
activity obtained an average score of 4.50 (valid); on the 
accuracy of the answer to the evaluation question in each 
learning activity obtained an average score of 4.00 
(valid); on the assessment aspect HOTS obtained an 
average score of 4.70 (valid). 
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3.3. HOTS-based media validation results on 

media aspects 

The validity (feasibility) of HOTS-based media 
developed on the media aspect is validated by 3 expert 
validators. The results of the media expert validator on 
HOTS-based media Stoichiometry material obtained an 
average total score of 4.09 or declared valid. On the 
software engineering aspect obtained an average score of 
4.07 (valid); on the aspect of the interface display 
obtained an average score of 4.15 (valid); and on the 
visual communication aspect obtained an average score 
of 4.04 (valid). Overall, the assessment results by expert 
validators on the media aspect concluded that HOTS-
based media on developed Stoichiometry materials is 
considered valid (table 3). 

Table 3 Hots-based media validation results on the 

aspects of assessment. 

Aspects of 

assessment 

Validator (mean 

score) 
Total 

mean 
Criteria 

I II III 

Software 

engineering 

4.20 3.70 4.30 4.07 Valid 

Interface 

display 

4.00 4.22 4.22 4.15 Valid 

Visual 

communication 

4.13 4.00 4.00 4.04 Valid 

Mean total validation 4.09 Valid 

3.4. Product effectiveness 

The effectiveness of teaching materials products in 
the integrated network of HOTS-based media developed 
is analyzed based on the improvement of learning results 
obtained by students in completing hots tests on 
Stoichiometry materials using pre-test – post-test design. 
The test was conducted to one sample group of 30 
students without any comparison (control) samples. Test 
results are analyzed with t-test or paired approach of t-
test samples with the help of SPSS program. Early HOTS 
students on Stoichiometry materials before being given 

teaching materials in an integrated network of HOTS-
based media produced (Pre-test) obtained an average 
score of 59.87 and standard deviation of 5.606 with the 
lowest score of 48 and the highest score of 60. After the 
action through learning using teaching materials in the 
integrated network of HOTS-based media from the 
results of post-test obtained an average student HOTS 
score of 87.20 and standard deviation of 8.142 with the 
lowest score of 72 and the highest score of 96. T-test 
results with a paired approach of t-test samples obtained 
a tcount value of 18.387 with a probability of 0.000 < 
0.05 (table 4). 

Table 4 Product effectiveness results (t-test). 

  Mean 
Std. 

Deviation 
t df 

Sig. 

(2-

tailed) 

Pair 
1 

Post-
test 
– 
pre-
test 

27.333 8.142 18.387 29 0.000 

The results of the product effectiveness analysis in 
table 4, concluded that the application of teaching 
materials in the integrated network of HOTS-based 
media developed on Stoichiometry materials is effective 
in improving student HOTS. The effectiveness of the use 
of HOTS-based media integrated teaching materials 
developed in Stoichiometry materials was 45.6%. 

The results of the development research obtained 
material products in the integrated network of Adobe 
Flash media and Articulate Story Line based hots that are 
declared valid (feasible) and effective in improving 
HOTS students in general chemistry courses 
stoichiometry materials. Validity (eligibility) is 
qualitatively fulfilled based on the assessment 
(validation) of expert validators who are overall declared 
in the valid category. 

The effectiveness of teaching materials products in 
hots-based media integrated network is fulfilled based on 
the implementation of teaching materials in hots-based 

Table 2 Hots-based media validation results on the aspects of assessment. 

Aspects of assessment Validator (mean score) Total 

mean 
Criteria 

        I II 

Scope and depth of material 4.11 4.33 4.22 Valid 

Accuracy of presentation (systematic) is not a 

misconception on the material 
3.67 4.22 3.94 Valid enough 

Conformity, clarity of animation on the material 3.56 4.22 3.89 Valid enough 

Clarity of formulas on materials 4.00 4.22 4.11 Valid 

Accuracy of sample questions in each learning 

activity 
4.00 5.00 4.50 Valid 

Accuracy of the answer to the evaluation question in 

each learning activity 
4.00 4.00 4.00 Valid 

HOTS Rating 4.40 5.00 4.70 Valid 

Mean total validation 4.20 Valid 
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media integrated network that can be accessed by 
students online and evidenced by the improvement of 
students' ability to complete HOTS instruments on 
Stoichiometric materials with the results of t-test analysis 
of 18.387 and p = 0,000 so that it is concluded that the 
application of teaching materials in the network of 
integrated HOTS-based media is valid and effective d 
nature increases student HOTS.  

The results of the implementation of teaching 
materials in the network of integrated media based on 
HOTS are also proven to improve student HOTS. Before 
being given teaching materials from the results of student 
pre-tests on Stoichiometry materials obtained an average 
initial HOTS score of 59.87 students and after the 
learning action using teaching materials in the integrated 
network of HOTS-based media on Stoichiometry 
materials from the results of Post-test obtained the 
average value of student HOTS of 87.20 with an average 
difference of HOTS value of 27.33 as well as the 
magnitude of effectiveness or increase of student HOTS 
on Stoichiometric material after given teaching materials 
in the integrated network of HOTS-based media is 
45.6%. 

This has implications that to improve the capabilities 
of HOTS students can be done by developing innovative 
teaching materials integrated with HOTS-based media 
that can be accessed and downloaded online as teaching 
materials or self-learning resources for students. Through 
teaching materials in the integrated network of HOTS-
based media is expected to help improve the 
understanding, mastery and capabilities of HOTS 
students because through this online teaching materials 
integrated hots-based media, students are trained to think 
critically, creatively, analytically to the information and 
data that exist in solving problems, and can repeat the 
material anytime and anywhere because it can be 
accessed and downloaded by students on the e-learning 
site of the department of chemistry education, faculty of 
mathematics and natural sciences, Universitas Negeri 
Medan. 

4. CONCLUSION 

This research and development resulted in teaching 
materials in an integrated network of HOTS-based media 
on Stoichiometry materials through the ADDIE 
development model. Teaching materials are developed 
and designed in an integrated manner with HOTS-based 
media that train students to think critically, creatively, 
analytically about information and data to solve problems 
in teaching materials and developed media. Hots-based 
media integrated teaching materials produced can also be 
accessed online students on the e-learning site of the 
department of chemistry education, faculty of 
mathematics and natural sciences, Universitas Negeri 
Medan. Teaching materials in the integrated network of 
HOTS-based media developed have been declared valid 

and proven effective in improving students' HOTS 
capabilities. 
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