
INVESTIGATING NEW POSSIBILITIES FOR THE TEACHING OF 
CHEMISTRY ADOPTING DIGITAL TECHNOLOGIES 

Aline Grunewald Nichele, Kênya Silva dos Santos Moraes, Letícia Zielinski do 
Canto 

Federal Institute of Education, Science and Technology of Rio Grande do Sul (BRAZIL) 

Abstract 
Mobile devices such as smartphones and tablets are changing our relationship with information and 
the way of producing knowledge. The adoption of these digital technologies in the context of education 
enables the use of different pedagogical practices. For teaching and learning Chemistry, the 
interactivity and experimentation that can be enabled by these devices broaden the understanding of 
this science. In order to investigate how these technologies can contribute to the innovation of the 
teaching and learning processes in Chemistry from the perspective of mobile learning, the purpose of 
this paper was to seek and identify the emerging pedagogical practices that have been developed with 
the support of the digital technologies within the sphere of education in Chemistry. For this, a literature 
review was performed considering the years 2017 and 2018. Thirty-eight scientific articles were 
identified, 24 of which were selected and analyzed. After analysis of the content of these articles, they 
were organized in five categories, as follows: 1) Creation of chemistry App; 2) Teaching and learning 
using chemistry Apps; 3) Teaching and learning using general Apps; 4) Creation of “equipment” using 
smartphones/tablets; and 5) Using an augmented reality App. Respectively, for each of these 
categories, 4, 8, 4, 5 and 3 related articles were found. The identification and knowledge of 
pedagogical practices developed with the support of mobile devices will be the knowledge base to 
make new proposals for teaching and learning Chemistry in the context of mobile learning. 
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1 INTRODUCTION  
The adoption of Digital Technologies (DT) such as smartphones and tablets in the context of 
education makes it possible to develop teaching and learning strategies in hybrid environments in 
which activities performed in the classroom are associated with distant activities, and also stimulates 
the practice of Bring Your Own Device (BYOD) [1]. 

There are different ways to combine the face-to-face and distant activities (hybrid environments) one 
of them being the flipped classroom [2].Through this teaching model, the student begins to appropriate 
the content before it is discussed in the classroom. A fundamental characteristic of flip teaching is 
using the DT, with which the students can read, watch videos, hear podcasts, accessing these 
materials at any time, at any place.  

Using teaching and learning strategies based on the BYOD perspective, it is possible to implement 
activities adopting smartphone and tablet Apps. For teaching and learning Chemistry, the Apps can 
help understand chemical concepts and phenomena that require abstraction. Through the Apps it is 
possible to develop  activities to perform experiments by simulations, and it is possible to visualize and 
“manipulate” representations of chemical structures, providing an opportunity to observe the 
representation of some submicroscopic chemical phenomena [3][4][5][6] . 

The strategies for teaching and learning Chemistry can use specific Apps to teach Chemistry, Apps for 
general use, Apps for the adoption of augmented reality, Apps that can mediate proposals to create 
teaching materials with the cellular phones and tablets, among other possibilities. 

In this context, aiming to investigate how the DT can contribute to innovate the Chemistry teaching 
and learning processes from the perspective of BYOD and of hybrid learning environments, the 
objective of this work was to seek and identify the emerging pedagogical practices that have been 
developed with the support of the digital technologies within the sphere of education in Chemistry. 
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2 METHODOLOGY 
A literature review was performed using the Web of Science database, considering the years 2017 
and 2018, and five sets of keywords: “Chemistry” and “Mobile learning”, “Chemistry” and “App”, 
“Chemistry” and “Smartphone”, “Chemistry” and “Tablet”, “Chemistry” and “Bring Your Own Device”. 
Thirty-eight scientific articles were identified, 24 of which were selected and analyzed. After analysis of 
the content of these articles, they were organized in five categories. 

3 RESULTS 
The educational perspective that utilizes smartphones and tablets is favored by installing Apps, which 
confer different functionalities on the mobile devices and make it possible to propose and develop 
educational activities with them.  

The articles that describe the emerging pedagogical practices developed for Chemistry teaching and 
learning  supported by DT were organized in five categories, namely, 1) creating a Chemistry app, 2) 
teaching and learning how to use Chemistry Apps, 3) teaching and learning how to use general Apps, 
4) creating equipment using smartphones/tablets, and 5) Utilizing an augmented reality App.  

The related articles will be presented for each of these categories. 

3.1 Creating a chemistry App  
Chemistry Apps are the software for smartphones and tablets that were specifically developed to 
approach chemistry contents. They can be used in laboratory activities, in the classroom or in the 
context of hybrid learning environments. Many chemistry Apps available in virtual stores are limited 
to making texts and data tables available; Table 1 lists a few articles that describe the creation of 
differentiated Apps for teaching and learning Chemistry, such as a virtual laboratory and an App to 
help color-blind or visually impaired students while performing titrations.       

Table 1. Articles that describe the creation of Chemistry Apps. 

Title Year 

Development of Virtual Laboratory Application Structure 
in Android Cellphone for Distance Learning [7] 

2018 

Development of Web and Mobile Applications for 
Chemical Toxicity Prediction [8] 

2018 

Usability Testing of Chemistry Dictionary (ChemDic) 
Developed on Android Studio [9] 

2017 

The Sound and Feel of Titrations: A Smartphone Aid for 
Color-Blind and Visually Impaired Students [10] 

2017 

Outstanding among these articles is the creation of the “Titration ColorCam” App [10], whose 
purpose is to allow color-blind and/or visually impaired students to develop practical activities in the 
laboratory, especially performing titrations. Titrations are techniques used for the quantitative 
chemical analysis of a few chemical substances. Usually in a titration the final point is indicated by a 
change of color of the sample. In order to allow students with a visual deficiency to have the 
perception of changes of colors that occur during a titration, a multisensory experiment was 
developed using an App. The App created utilizes the smartphone camera to capture and quantify 
information about the change of color that occurs during titration. The data quantified (change of 
color that determines the end point of a titration) are converted into sound signals and tactile 
feedback (by means of smartphone vibration) (Fig. 1). The use of this App allows color-blind and/or 
visually deficient students greater independence in laboratory activities.  

7624



 
Figure 1. Screen captures while performing a titration using the Titration ColorCam App. (a) Initial view 

before beginning titration. (b) Color of the solution as the end point approaches. Sound signals and 
vibrations are generated as the pink color appears.   (c) Sound signals and vibrations are intensified  

as the end point is reached. 

3.2 Teaching and learning using Chemistry Apps 
Interactive animations and simulations have been used to teach Chemistry to help understand 
different scientific concepts. Through Apps with interactive animations it is possible to visualize 
interactions and manipulate variables to foresee and observe the experimental consequences. These 
activities are essential to construct a significant understanding of the scientific phenomena, correlating 
submicroscopic aspects with the observations at the macroscopic level. 

Using animations it is possible to visualize and understand concepts such as chemical equilibrium and 
the influence of variables such as temperature and pressure on a system in equilibrium. In general, 
using animations, it is possible to visualize what is theoretically non observable by creating images 
representing the submicroscopic universe. The possibility of developing activities of this kind is one of 
the most important that is enabled by Chemistry Apps to teach and learn Chemistry (Table 2).  

Table 2. Articles that describe studies on teaching and learning Chemistry using Apps. 

Title Year 

"Are chemistry educational apps useful?" - a quantitative study with 
three in-house apps [11] 

2018 

Developing and Application of Mobile Game Based Learning (M-GBL) 
for High School Students Performance in Chemistry [12] 

2017 

The Effectiveness of Interacting with Scientific Animations in 
Chemistry Using Mobile Devices on Grade 12 Students' Spatial 
Ability and Scientific Reasoning Skills [13] 

2017 

Role of iOS and Android Mobile Apps in Teaching and Learning 
Chemistry [14] 

2017 

Using Digital Badges for Developing High School Chemistry 
Laboratory Skills [15] 

2017 

Apps and the study of the periodic table [16] 2017 

Using Computational Visualizations of the Charge Density To Guide 
First-Year Chemistry Students through the Chemical Bond [17] 

2017 

Apps for the study of the greenhouse effect and global warming [18] 2017 
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In a study whose objective was to investigate the effect of utilizing animations to develop spatial 
visualization and comprehension of three-dimensional structures of chemical substances among high 
school students, students in a “control group” and an “experimental group” were submitted, 
respectively, to activities that did not adopt DT and that adopted DT in the context of BYOD [13]. The 
“experimental group” used tablets with animations and three dimensional simulations to teach and 
learn chemistry. At the end of the study, a significant effect on the capacity of reasoning among the 
students of the two groups was not identified, but a significant difference was found regarding the 
“experimental group”. In this sense, pedagogical practices that adopt simulations help understand 
phenomena in the dimension. 

Apps can also be used to mediate proposals that involve the creation of teaching materials with the 
cellular phones and tablets, and also to provide feedback on the appropriation of a chemical concept 
or a laboratory skill (Fig. 2).  

Hennah and Seery [15] report on the implementation of digital badges in high school chemistry for the 
teaching and accrediting of achievement in laboratory skills. Pupils watched videos prior to the 
classroom to assist them in preparation for a demonstration activity. In the classroom, students 
demonstrated the laboratory technique to a peer while the peer videoed the demonstration on a 
mobile phone. This video was used to review the demonstration by both peers and teacher, and once 
the technique was considered satisfactorily demonstrated, a badge was awarded. The badging 
process facilitated the development of laboratory technique. Demonstration required narration, and 
review required discussion between peers as well as discussions arising out of the demonstration with 
the teachers. 

 
Figure 2. Name badges given to the students in a successful demonstration of the proceedings.  

3.3  Teaching and learning using general Apps  
“General Apps” are the softwares for smartphones and tablets that were not developed for teaching, 
but have functionalities that can be worth while for the development of pedagogical practices. They 
can be utilized in the classroom, in laboratory activities, in hybrid learning environments. Table 3 
presents a few articles that describe activities using General “Apps” in the context of teaching and 
learning Chemistry. 

Table 3. Articles that describe the adoption of general Apps for teaching and learning Chemistry. 

Title Year 

Bring Your Own Device: A Digital Notebook for Undergraduate 
Biochemistry Laboratory Using a Free, Cross-Platform 
Application [19] 

2017 

2D and 3D virtual interactive laboratories of physics on Unity 
platform [20] 

2017 

Customized Videos on a YouTube Channel: A Beyond the 
Classroom Teaching and Learning Platform for General 
Chemistry Courses [21] 

2017 

The Development of Monograph with 3-Dimentional Illustrations 
Titled "Augmented Chemistry: Hydrocarbon" as Learning 
Enrichment Materials [22] 

2017 
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The “Evernote” App was used as a “digital laboratory notebook” [19] in an undergraduate course of 
Biochemistry. The App was used in the context of BYOD to record the observations and data of the 
laboratory classes, by means of a record in writing, audio, video, image capture. Since it has an 
interface for mobile devices and for computers, it was possible to utilize “Evernote” to send and share 
without using another storage system in the “cloud”, which made it easier to alternate between DTs to 
finalize the work. The students captured the data with their mobile devices and could analyze them on 
larger devices, such as computers.  

3.4 Creating “equipment” utilizing smartphones/tablets  
Utilizing components of the mobile devices, as for instance the camera, it is possible to create 
“alternative” equipment for chemical analysis, especially for analysis techniques that involve some 
measure related to electromagnetic radiation. (Table 4).  

Table 4. Articles that describe the creation of equipment utilizing smartphones or tablets. 

Title Year 

From the Research Lab to the Classroom Organic Light-Emitting Diodes in 
Chemistry Classes [23]   

2018 

Demonstrating Principles of Spectrophotometry by Constructing a Simple, Low-
Cost, Functional Spectrophotometer Utilizing the Light Sensor on a Smartphone 
[24] 

2018 

Small camera as a handheld colorimetric tool in the analytical chemistry [25] 2017 

Using smartphone thermal cameras to engage students' misconceptions about 
energy [26]. 

2017 

AR-based Inorganic Chemistry Learning Support System using Mobile HMD [27] 2017 

A highly simplified variation on the do-it-yourself spectrophotometer using a smartphone´s light sensor 
as a detector and an App to calculate and display absorbance values was constructed and tested [24]. 
This simple “spectrophotometer” was tested at different wavelengths in the visible light region. 

 
Figure 3. Functional Spectrophotometer Utilizing the Light Sensor on a Smartphone [24]. 

3.5 Using an augmented reality App 
The characteristics of an augmented reality system (AR) are the combination of real and virtual, real 
time interaction and presentation (objects) in three dimensions (3D), besides characteristics such as 
interactivity and the possibility of visualizing a simulation at any time and in any place by means of the 
AR software. 
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The AR has a major educational potential, especially in understanding the submicroscopic dimension 
of chemistry, because it enables the visualization of phenomena, and also the visualization of 
representations of theoretical models that require abstractions that are sometimes very elaborate and 
therefore difficult to understand. Some articles that report the use of augmented reality Apps in 
teaching and learning Chemistry are shown in Table 5.  

Table 5. Articles that describe the adoption of AR and teaching and learning Chemistry. 

Title Year 

Augmented Reality (AR) Technology on The Android Operating System in 
Chemistry Learning [28] 

2018 

The Development of Monograph with 3-Dimentional Illustrations Titled 
"Augmented Chemistry: Hydrocarbon" as Learning Enrichment Materials. [22] 

2017 

AR-based Inorganic Chemistry Learning Support System using Mobile HMD [27]   2017 

Okamoto [27] describes the creation and utilization of an inorganic chemistry virtual experiment 
utilizing a smartphone, virtual reality (VR) markers and a VR visualizer. The student must attach the 
smartphone to the visualizing device (spectacles) for VR (Fig, 4) keeping their hands free. The image 
of the virtual environment is constructed by the smartphone camera based on the image connected to 
the markers. On interacting with specific areas of the markers, the user can perform various virtual 
experiments (Fig. 5).  

 
Figure 4. User utilizing the virtual environmental. 

 
Figure 5. Virtual environment exhibited on the smartphone.  

In order to teach and learn Chemistry, AR is often utilized to represent molecular structures and study 
molecular geometry. Besides applying augmented reality to teach chemistry, it is possible to find the 
description of the stages to elaborate an educational product based on AR to teach molecular 
geometry [28]. To develop this product, models of molecules (Fig. 6) and their markers were created 
utilizing the Google Sketch Up, Corel Draw X5 and Unity 3D. 
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Figure 6 - Creating the molecule model using Sketch Up [28] 

4 FINAL CONSIDERATIONS 
During the development of this study, seeking to identify the emerging pedagogical practices that have 
been developed with the support of digital technologies in the sphere of education in Chemistry, 24 
articles were selected and analyzed. Based on these articles, as a way of contributing to the 
innovation of the teaching and learning process of Chemistry from the perspective of BYOD and of 
hybrid learning environments, it was identified that the trend to adopt DT in general is to seek a way of 
helping the students understand the phenomena and chemical structures at the submicroscopic level. 
For this purpose the Chemistry Apps are created with simulations and animations, with augmented 
reality and teaching and learning strategies utilizing them and articulating them with the 
submicroscopic phenomena. 

In this sense it is inferred that the use of animations, simulations and representations (some of them in 
augmented reality) helps conceptualize abstract contents that are difficult to understand, assisting in 
the visualization of dynamic interactions, contributing to the understanding of submicroscopic 
phenomena, as well as to correlating them with the macroscopic observations.  
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