
 

 

 

JURNAL INOVASI PEMBELAJARAN KIMIA                                                                                                           
 (Journal of Innovation in Chemistry Education)  

https://jurnal.unimed.ac.id/2012/index.php/jipk 

email: Jinovpkim@unimed.ac.id                                           
 

 

Recieved : 01 February 2026 

Revised : 28 April 2026 

Accepted : 30 May 2026 

Publish : 30 May 2026 

Page : 76 – 87  

76 
 

pISSN 2685-0761 

eISSN 2685-0850 

Development of E-Module Based on Higher Order Thinking Skills 

Integrated with Discovery Learning for Thermochemistry  
 

Mella Amilasti Naila1, Haqqi Annazili Nasution2* 

1Bilingual Chemistry Education Study Program, Chemistry Department,  

Universitas Negeri Medan, Medan 

*Email: haqqiannazili@unimed.ac.id   

 

 

Abstract: Learning thermochemistry is often difficult for students due to abstract concepts and complex 

computational requirements, leading to low engagement and high misconception rates. To address 

these challenges, this research developed a Higher Order Thinking Skills (HOTS)-based e-module 

integrated with the Discovery Learning model using the 4D development framework. The e-module 

was designed as an interactive flipbook utilizing Canva and the Heyzine platform. Results 

demonstrate that the e-module is highly feasible, with validation scores of 3.32 from media experts 

and 3.31 from material experts. Response tests yielded very positive results, averaging 3.51 from 

teachers and 3.27 from students, highlighting its usability and engaging visual design. 

Implementation significantly improved learning outcomes, as the student mean score rose from 

37.57 to 86.52, achieving a Normalized Gain of 0.79, which is categorized as high effectiveness. 

This success is attributed to the integration of Discovery Learning syntax, which encourages 

students to construct knowledge independently. By combining digital technology with HOTS-

oriented tasks, this e-module serves as an effective instructional tool that successfully bridges the 

gap between theoretical chemistry and real-world applications in 21st-century education 

Keywords:  4D Model; Discovery Learning; E-Module; HOTS; Thermochemistry 

  

INTRODUCTION 

Education is a transformative process 

aimed at developing critical thinking and 

intellectual maturity, as emphasized in 

national regulations on science and 

technology mastery (Rahman et al., 2022). In 

the 21st century, learners are expected to 

master the 4C skills: critical thinking, 

creativity, collaboration, and communication. 

They also need digital literacy to address real-

world challenges (Karimah et al., 2025). In 

this context, chemistry plays an essential role 

as a foundation for many scientific fields 

(Dewi et al., 2022). However, chemistry 

learning is still often dominated by rote 

learning, where students memorize formulas 

without understanding their application, 

resulting in weak conceptual understanding 

(Treagust et al., 2018; Yeni et al., 2024). 

https://jurnal.unimed.ac.id/2012/index.php/jipk
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Thermochemistry is frequently cited 

as one of the most challenging topics due to 

its abstract nature and heavy reliance on 

computational precision (Agustina et al., 

2023; Habiddin et al., 2021). Current data 

indicates that up to 60% of students struggle 

with this topic, with error rates in enthalpy 

calculations reaching 93% (Agustina et al., 

2023). Observations at SMAN 2 Medan 

reveal a significant gap. Current instruction 

relies heavily on conventional textbooks and 

passive lectures. This approach fails to 

connect abstract concepts with real-world 

applications (Nasution et al., 2025). To 

address this gap, this research proposes the 

development of an Electronic Module (e-

module) based on Higher Order Thinking 

Skills (HOTS) integrated with Discovery 

Learning. Unlike standard digital textbooks, 

e-modules provide an immersive, interactive 

environment that facilitates independent 

learning and visualizes abstract chemical 

reactions (Dewi et al., 2021; Erna et al., 2021). 

The integration of HOTS ensures students 

move beyond rote learning to analyze and 

evaluate phenomena (Adella et al., 2024), 

while the Discovery Learning model provides 

a structured, inquiry-based framework 

through stages such as stimulation and 

verification (Hasanah & Prayogo, 2023). This 

synthesis of a digital platform with a student-

centered pedagogical model represents a 

significant contribution to modernizing 

chemistry instruction. 

The general objective of this study is 

to develop a valid, practical, and effective 

HOTS-based e-module integrated with the 

Discovery Learning model for 

thermochemistry instruction. The specific 

objectives are as follows. First, to determine 

the feasibility of the e-module based on media 

and material expert validation scores. Second, 

to analyze teacher and student response 

ratings regarding the e-module’s usability and 

design. Third, to evaluate the improvement in 

students’ HOTS learning outcomes using 

normalized gain (N-Gain) analysis. 

Based on the theoretical framework 

and previous studies, the null hypothesis (H₀) 

states that there is no significant improvement 

in students' HOTS learning outcomes after 

using the HOTS-based e-module integrated 

with Discovery Learning on thermochemistry, 

while the alternative hypothesis (Hₐ) states 

that there is a significant improvement. 

Therefore, this study uses a one-tailed 

statistical test because the direction of the 

expected effect is positive (improvement in 

learning outcomes). 

LITERATURE REVIEW  

2.1 The Nature of Learning and Chemistry 

Education 

Learning is a fundamental process that 

supports the development of human potential 

and improves the quality of human resources 

(Nurhidayati et al., 2023). It is a conscious 

effort to help students actively explore and 

develop their abilities (Syafii, 2023). In 

science education, chemistry plays an 

important role. It provides a systematic way to 

understand natural phenomena through 

observation, experimentation, and analysis 

(Salsabil et al., 2024). 

Science learning includes three main 

dimensions: product, process, and scientific 

attitude (Syazali & Umar, 2022). The product 

refers to facts and theories. The process 

involves scientific inquiry. The scientific 

attitude includes honesty and persistence. At 

the senior high school level, chemistry 

learning aims to help students master these 

dimensions to solve real-world problems 

(Karimah et al., 2025). 

2.2 Twenty First-Century Learning and 

Higher Order Thinking Skills 

Modern learning requires students to 

develop essential skills. These include critical 

thinking, creativity, collaboration, and 

communication (Khusna et al., 2023; Scott, 

2023). These skills help students adapt to 

changes and solve complex problems 

(Sakdiyah, 2025). 

Higher Order Thinking Skills (HOTS) 

are a key part of this process. HOTS include 

analyzing, evaluating, and creating (Adijaya 

et al., 2023). These skills encourage students 

to think beyond memorization (Setyawan et 

al., 2023). In chemistry, HOTS are important 

because many concepts are abstract. Students 
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need to connect theory with experiments using 

logical reasoning (Saputra et al., 2025). 

2.3 Development of Learning Media and 

the E-Module 

Educational research development is a 

systematic process of designing and 

evaluating learning products to ensure they 

are effective and practical for classroom use 

(Rindrayani et al., 2025). The 4D model, 

consisting of the Define, Design, Develop, 

and Disseminate stages, serves as a 

foundation for creating digital learning media 

due to its clear and adaptable structure (Yusuf, 

2023; Fauziah, 2025). 

A prominent innovation in this field is 

the electronic module or e-module, a digital 

version of self-instructional material enriched 

with multimedia and interactive features 

(Famulaqih & Lukman, 2024). E-modules 

offer flexibility and higher interactivity 

through the integration of text, visuals, audio, 

and animation, making them better suited for 

modern blended learning environments (Erna 

et al., 2021). These tools foster motivation and 

deeper understanding by visualizing abstract 

chemistry concepts that are otherwise difficult 

to comprehend (Dewi et al., 2022; 

Purnamasari et al., 2020). 

2.4 Discovery Learning Model 

Discovery Learning focuses on 

student-centered learning. Students actively 

discover concepts through exploration 

(Sundari & Fauziati, 2021). This model is 

based on constructivist theory, where students 

build their own understanding (Azizah et al., 

2025). The stages include stimulation, 

problem statement, data collection, data 

processing, verification, and generalization 

(Nugroho & Wardani, 2025). These steps 

guide students to think critically and 

systematically. Students are trained to test 

ideas and draw conclusions (Nuryakin, 2025). 

Integrating Discovery Learning with HOTS in 

e-modules creates active learning. It also 

increases motivation and supports deeper 

understanding (Manurung & Pappachan, 

2025). 

2.5 Thermochemistry 

Thermochemistry studies energy 

changes in chemical and physical processes 

(Ramli et al., 2022). It is based on the First 

Law of Thermodynamics, which states that 

energy cannot be created or destroyed. Energy 

can only change form. 

Energy changes in reactions are 

expressed as enthalpy change (ΔH). Heat is 

released in exothermic reactions and absorbed 

in endothermic reactions (Ramli et al., 2022). 

Understanding these concepts helps students 

relate chemistry to real-life processes such as 

combustion and photosynthesis. 

2.6 Research Gap and Conceptual 

Framework 

Previous studies show several gaps. 

First, many e-modules are descriptive and 

lack HOTS-based tasks (Adella et al., 2024). 

Second, Discovery Learning is rarely 

integrated into e-modules for 

thermochemistry (Hasanah & Prayogo, 

2023). Third, most studies focus on 

feasibility and do not measure effectiveness 

using N-Gain (Dewi et al., 2021; Erna et al., 

2021; Pardosi & Dibyantini, 2025). Fourth, 

based on the literature search, no previous 

study has combined the 4D model, HOTS, 

Discovery Learning, and N-Gain in a single 

design. 

This study addresses these gaps by 

developing a HOTS-based e-module 

integrated with Discovery Learning using 

the 4D model. E-modules improve 

understanding and engagement (Fadhilah & 

Nasution, 2025). They also increase 

motivation and learning outcomes (Lumban 

Gaol et al., 2025). HOTS is important 

because students’ higher-order thinking is 

still low (Sitorus & Jahro, 2024). Problem-

based digital learning also improves 

achievement in complex topics (Fadhilah & 

Nainggolan, 2024). Discovery Learning 

supports active and deeper learning (Karan, 

2023). 

METHODS  

3.1 Research Location and Time 

This study was conducted at SMA 

Negeri 2 Medan, selected due to its adequate 

digital learning infrastructure and its 

implementation of the Merdeka Curriculum, 

which emphasizes student-centered learning. 

The research was carried out from October 
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2025 to January 2026, encompassing 

preparation, development, implementation, 

and completion of the research report. 

3.2 Population and Sample 

The population consisted of 

approximately 430 Grade XI Science students 

at SMA Negeri 2 Medan in the 2025/2026 

academic year. A simple random sampling 

technique was applied to ensure equal 

selection opportunity. The selected sample 

was Class XI-Mendel 1, consisting of 33 

students. 

3.3 Research Design 

This study employed a Research and 

Development (R&D) approach using the 4D 

development model proposed by Thiagarajan, 

Semmel, and Semmel (1974), as cited in 

Sugiyono (2019). The model consists of four 

stages: Define, Design, Develop, and 

Disseminate. 

The study focused primarily on the 

first three stages (Define, Design, and 

Develop), while the Disseminate stage was 

conducted on a limited scale due to contextual 

constraints. To evaluate the effectiveness of 

the developed e-module, a One-Group 

Pretest–Posttest Design was used. Students’ 

learning outcomes were measured before 

(pretest) and after (posttest) the 

implementation of the e-module. 

3.4 Research Instruments 

The instruments used in this study 

consisted of test and non-test instruments. The 

test instrument comprised 20 validated 

multiple-choice questions designed to assess 

students’ cognitive learning outcomes at the 

HOTS levels (C4–C6). 

The non-test instruments included 

validation sheets completed by media and 

material experts to evaluate content quality, 

technical functionality, and scientific 

accuracy. In addition, teacher and student 

response questionnaires were used to assess 

the attractiveness, usability, and effectiveness 

of the e-module using a 4-point Likert scale, 

where 1 = strongly disagree, 2 = disagree, 3 = 

agree, and 4 = strongly agree. 

3.5 Data Collection Techniques 

Data were collected using both test 

and non-test techniques. The test technique 

involved administering pretests and posttests 

to measure students’ improvement in learning 

outcomes objectively. The non-test 

techniques included expert validation sheets 

and response questionnaires to obtain 

qualitative data related to feasibility, 

practicality, and user acceptance of the 

developed e-module. 

3.6 Research Procedure 

The research procedure followed the stages of 

the 4D development model.  

1. The Define stage focused on identifying 

learning problems through teacher 

interviews and student needs analysis 

questionnaires.  

2. The Design stage involved preparing the 

e-module blueprint, including content 

structure, layout, visualization, and 

interactive features.  

3. The Develop stage included the 

production of the e-module, expert 

validation, revisions, and a limited field 

trial.  

4. The Disseminate stage involved the 

distribution of the validated e-module to 

teachers and students at SMA Negeri 2 

Medan as a digital learning resource. 

3.7 Data Analysis Techniques 

Data obtained from expert validation 

and response questionnaires were analyzed by 

calculating the mean score of each assessment 

aspect.  
_
Σ
=

∑𝑋

𝑁
                          (1) 

Where :  
_
Σ

 = Mean score 

∑𝑋  = Total score 

N  = Number of Items  

The mean scores were interpreted 

using the following criteria.  

1. 3.26–4.00 (very feasible),  

2. 2.51–3.25 (feasible),  

3. 1.76–2.50 (less feasible), and  

4. 1.00–1.75 (not feasible) 

An e-module is considered feasible if 

the mean score falls into the very feasible or 

feasible category. 

The effectiveness of the e-module in 

improving students’ learning outcomes was 

analyzed using the normalized gain (N-Gain) 
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formula proposed by Hake (1999), as cited in 

Hayati et al. (2020) as follows : 

g = 
𝑆𝑝𝑜𝑠𝑡−𝑆𝑝𝑟𝑒

𝑆𝑚𝑎𝑥−𝑆𝑝𝑟𝑒
                (2) 

where :  

g  = N-gain score 

𝑆𝑝𝑟𝑒  = Pre-test score 

𝑆𝑝𝑜𝑠𝑡  = Post-test score 

𝑆𝑚𝑎𝑥  = Maximum possible score (100) 

The N-Gain values were classified 

into :  

1. High (g ≥0.70),  

2. Moderate (0.30≤ g <0.70), and  

3. Low (g <0.30). 

 

RESULT AND DISCUSSION 

4.1 Results 

The development of a Higher Order 

Thinking Skills (HOTS)-based e-module 

integrated with Discovery Learning on 

thermochemistry was conducted as a solution 

to learning challenges commonly encountered 

in chemistry instruction. The e-module was 

developed using Microsoft Word for content 

preparation, Canva for visual design and 

layout, and the Heyzine platform for digital 

publication in the form of an interactive 

flipbook. The development process followed 

the 4D model, with emphasis on the Define, 

Design, and Develop stages, while 

dissemination was conducted on a limited 

scale. 

4.1.1 Define Stages 

The define stage revealed that students 

experienced difficulties in thermochemistry 

concepts requiring both conceptual 

understanding and numerical calculation. 

Teacher interviews and student needs analysis 

questionnaires confirmed that existing 

learning resources were limited and 

predominantly teacher-centered, while 

students demonstrated high readiness for 

interactive digital learning media. Based on 

these findings, an e-module format integrated 

with Discovery Learning syntax was selected 

and designed. 

4.1.2 Design Stages 

The design stage focused on planning 

a HOTS-based e-module integrated with 

Discovery Learning for thermochemistry. 

This phase involved determining the 

appropriate media, structuring the module 

format, and developing research instruments 

to ensure the product meets pedagogical and 

technical standards. 

1. Media Selection 

Media selection was informed by front-

end analysis, teacher interviews, and student 

needs. Findings indicated a requirement for 

interactive, digital-based media that supports 

conceptual understanding, problem-solving, 

and higher-order thinking skills in 

thermochemistry. 

An electronic module was chosen as the 

primary medium, developed using Microsoft 

Word for content, Canva for visual design, 

and the Heyzine platform for publishing. This 

combination ensures the e-module is visually 

engaging, user-friendly, and easily accessible 

across various devices. 

2. Format Selection 

The e-module utilizes an A4 format to 

maintain readability for both digital and 

printed use. The structure is organized into 

four primary sections designed to support the 

Discovery Learning model and improve 

material navigation. 

Preliminary Section  

This section serves as a navigation aid and 

includes the cover, a foreword explaining the 

module’s purpose, and comprehensive lists of 

contents, figures, and tables. 

 

Figure 1. Preview of Preliminary Section 

Introduction Section  

The introduction outlines the module 

identity, Learning Objectives Flow (ATP), 

and the integration of the Pancasila Student 

Profile. It also features a thermochemistry 

concept map and specific usage guides for 

both teachers and students to ensure smooth 

implementation. 
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Figure 2. Preview of Introduction Section 

Thermochemistry Learning Activities  

The core content is divided into three 

meetings: Basic Concepts, Thermochemical 

Equations, and Enthalpy Change 

determination. Each meeting follows the 

Discovery Learning syntax, guiding students 

through stimulation, data collection, and 

verification phases. 

 

Figure 3. Preview of Learning Activities Section 

Evaluation and Supporting Features  

To reinforce learning outcomes, the 

final section includes a summary, a glossary 

of scientific terms, and HOTS-based final 

evaluations. It also incorporates reflection 

tools and academic references to support 

independent student learning. 

 

Figure 4. Preview of Evaluation and Supporting 

Section 

4.1.3 Develop Stage 

1. Media Expert Validation Results 

The feasibility of the developed e-module 

was evaluated by three media experts. The 

validation results are presented in Table 1. 

Table 1. Media Expert Validation Results 

No Aspect Mean Category 

1 Visual 

Design 

Quality 

3.20 Feasible 

2 Functionality 

and System 

Performance 

3.50 Highly 

Feasible 

3 Learning 

Integration 

3.27 Highly 

Feasible 

Overall 3.32 Highly 

Feasible 

The results indicate that the e-module is 

technically sound, with particularly high 

marks in functionality. With an overall score 

of 3.32, the media is considered highly 

feasible for instructional use. 

2. Material Expert Validation Results 

The feasibility of the developed e-module 

was evaluated by three material experts. The 

validation results are presented in Table 2. 

Table 2. Material Expert Validation Results 

No Aspect Mean Category 

1 Content 

Feasibility 
3.27 

Highly 

Feasible 

2 Presentation 

Feasibility 
3.33 

Highly 

Feasible 

3 Language 

Feasibility 
3.33 

Highly 

Feasible 

Overall 3.31 Highly 

Feasible 

According to the experts, the content is 

robust and well-structured. The overall mean 

of 3.31 confirms that the material is 

educationally sound and ready for 

implementation in a classroom setting. 

3. Teacher Responses 

Following the expert validations, the e-

module was reviewed by educators to 

determine its practicality in a real-world 

teaching environment. Teachers provided 

feedback on how the module assists in 

delivery and classroom management. 

Table 3. Teachers Responses' Results 

No Aspect Mean Category 

1 Attractiveness 3.40 Very 

Practical 
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2 Usability 3.56 Very 

Practical 

3 Effectiveness 3.59 Very 

Practical 

Overall 3.51 Very 

Practical 

The teacher responses were positive, 

especially regarding the effectiveness of the 

tool. An overall score of 3.51 suggests that the 

e-module is a highly practical asset for 

modern teaching workflows. 

4. Students Responses 

The e-module was tested by students to 

gauge the end-user experience. This 

assessment measured the module's appeal and 

how easily students could navigate the lessons 

independently. 
Table 4. Students' Responses' Results 

No Aspect Mean Category 

1 Attractiveness 3.32 Very 

Practical 

2 Usability 3.20 Practical 

3 Effectiveness 3.29 Very 

Practical 

Overall 3.27 Very 

Practical 

Students found the e-module engaging 

and helpful for their studies. While usability 

received a "Practical" rating, the overall score 

of 3.27 classifies the module as "Very 

Practical" for student-centered learning. 

5. Improvement in Learning Outcomes 

The effectiveness of the HOTS-based e-

module was measured by comparing student 

performance before and after the learning 

process. A pretest was administered to 

determine initial knowledge, followed by a 

posttest to evaluate the improvement in 

understanding thermochemistry concepts. 

Table 5. N-gain Score 

Test Mean 

Score 

N-

gain 

Category 

Pretest 37.57  

0.79 

 

 

High Posttest 86.52 

The data shows a significant increase in 

the mean score from 37.57 to 86.52. With an 

N-gain score of 0.79, the improvement is 

classified in the "High" category, 

demonstrating that the e-module is highly 

effective in helping students master the 

material and develop higher-order thinking 

skills. 

4.2 Discussion 

The development of the HOTS-based 

e-module for thermochemistry follows a 

systematic design and evaluation process that 

confirms its quality and instructional 

effectiveness. Based on the validation and 

trial results, the discussion focuses on three 

key pillars: technical feasibility, pedagogical 

practicality, and impact on student learning. 

4.2.1 Feasibility of E-Module 

The high media feasibility score (3.32) 

was primarily driven by the functionality 

aspect (3.50). This reflects the stable 

performance of the Heyzine flipbook 

platform, which preserves interactive 

elements such as clickable navigation and 

embedded multimedia. Unlike conventional 

PDFs that often lose interactivity across 

different devices, the flipbook format ensures 

consistent user experience, reducing technical 

barriers that could distract students from 

learning. 

From the material perspective, the 

high score (3.31) was evenly distributed 

across content, presentation, and language. 

This indicates that the integration of HOTS-

based questions and Discovery Learning 

syntax was well-aligned with the Kurikulum 

Merdeka. Specifically, the Discovery 

Learning stages (stimulation, data collection, 

verification) provided a natural scaffold for 

HOTS tasks, allowing students to build 

understanding incrementally. These findings 

are consistent with previous studies reporting 

that interactive e-modules using Discovery 

Learning obtain high feasibility ratings due to 

strong pedagogical alignment and technical 

quality (Abidin & Wulandari, 2022; Lasala, 

2023). 

4.2.2 Practicality Based on Teacher and 

Student Responses 

Teachers rated the module as very 

practical (3.51), with effectiveness receiving 

the highest score (3.59). This suggests that the 

e-module reduced teacher workload by 

providing ready-to-use HOTS questions and 

structured Discovery Learning activities. 

Teachers no longer needed to design inquiry-
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based tasks from scratch, which is time-

consuming. Students rated the module as very 

practical (3.27), though usability (3.20) was 

slightly lower than attractiveness (3.32). This 

gap likely stems from students' initial 

unfamiliarity with flipbook navigation, 

particularly using zoom and page-flip 

features. However, after the first meeting, 

students adapted quickly, as reflected in the 

posttest improvement.  

This result aligns with previous 

studies reporting that Discovery Learning–

based e-modules demonstrate high 

practicality due to their interactive features, 

clear presentation, and flexibility for both 

classroom and independent learning contexts 

(Aladin et al., 2024; Aryani & Kurniawati, 

2022). 

4.2.3 Improvement in Learning Outcomes 

The effectiveness analysis confirms 

the impact of the e-module on learning 

outcomes. The mean score increased from 

37.58 (pretest) to 86.52 (posttest). The N-

Gain value of 0.79 falls into the high 

category based on Hake's criteria. These 

findings indicate that the learning 

intervention facilitated meaningful learning 

and reduced learning gaps among students 

with varying initial ability levels. This result 

is consistent with previous studies reporting 

high N-Gain values for Discovery Learning-

based chemistry e-modules (Luthfiani & 

Yerimadesi, 2022; Aryani & Kurniawati, 

2022). 

Therefore, the null hypothesis (H₀) is 

rejected, and the alternative hypothesis (Hₐ) 

is accepted. This means that there is a 

significant improvement in students' HOTS 

learning outcomes after using the HOTS-

based e-module integrated with Discovery 

Learning on thermochemistry. 

 

CONCLUSION 

This study confirms that the HOTS-

based e-module integrated with Discovery 

Learning is a feasible, effective, and 

practical digital learning resource for 

thermochemistry instruction. Expert 

validation results demonstrate high 

feasibility, with mean scores of 3.32 from 

media experts and 3.31 from material 

experts. The implementation of the e-

module resulted in a substantial 

improvement in students’ learning 

outcomes, as indicated by the increase in 

mean scores from 37.58 (pretest) to 86.52 

(posttest) and a high average N-gain value of 

0.79. Positive responses from teachers 

(mean = 3.51) and students (mean = 3.27) 

further indicate that the e-module is 

attractive, easy to use, and effective in 

supporting learning activities. 

The findings have important 

implications for the advancement of 

educational technology in science learning. 

The integration of Higher Order Thinking 

Skills and Discovery Learning within an 

interactive e-module demonstrates how 

digital media can be systematically designed 

to promote higher-level cognitive processes 

and active knowledge construction. This 

study contributes to the development of 

technology-enhanced chemistry education 

by providing an empirically validated 

instructional model that can be adapted for 

other abstract and calculation-intensive 

science topics, supporting the broader 

implementation of student-centered and 

digitally driven learning environments. This 

study has limitations, including a single-

school sample (33 students) and limited 

dissemination scope. Future research should 

expand the sample size and test the e-module 

on other abstract chemistry topics. 
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