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ABSTRACT 

This paper describes the development of a mobile application to engage students in active learning in analytical 
chemistry. Colorimetry is a topic in analytical chemistry that can effectively be learned through the use of mobile devices 
to perform colorimetric measurement in the real-life environment. Previous attempts in the development of colorimetry 
mobile apps have been described in the literatures, however, shortcomings exist in their ease of use for teaching and 
learning and dissemination. We herein propose a colorimetry mobile app design that allows anyone to download, and 
easily perform colorimetric measurements and engage in active learning anytime, anywhere. Pedagogical underpinnings 
of the mobile learning activity and app design will also be discussed. 
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1.  INTRODUCTION 

Today’s learners are always on the move, and a great deal of learning happens outside the classroom 

(Sharples et al., 2005). With mobile devices, students can acquire knowledge anytime, anywhere, achieving 

ubiquitous learning outside the classroom walls. Mobile learning can thus be perceived as a “natural” way of 

learning, as suggested by Low and O’Connell (2006): “learning has always been mobile: we all learn as we 

go about our lives, with inherent dynamism and personal mobility.” In science education, Zydney (2016) also 
notes that “much of science takes place outside of the classroom and is arguably better studied in its natural 

environment”, and she postulates that “science learning are well aligned with the mobility of newer devices 

as well as their ability to display interactive, three-dimensional graphics and simulations.” On the other hand, 

active learning in science-related subjects and respective benefits are extensively researched and described in 

the literatures (de Caprariis, 2012; Freeman, 2014; Kontra, 2015). Therefore, rather than passively learning in 

the confines of a classroom, students can acquire scientific concepts more effectively through the use of 

mobile devices through active learning in the real-life environment. 

The current study focuses on active learning in analytical chemistry, which is the study of instruments and 

methods applied to separate, identify and quantify matters. Colorimetry is a technique in analytical chemistry 

for the quantitative determination of colored compounds in a solution. For example, colorimetry can be used 

to measure the concentration of heavy metals, sugars, proteins, food preservatives, environmental pollutants 

and other molecules in sample solutions. Colorimetric measurement is typically performed by the UV-visible 
spectrophotometer, which could cost up to USD50,000; this may not be worthy for some school laboratories. 

Yet, colorimetric measurement is a common topic in chemical education, and its practical applications can be 

valuable for anyone to learn and apply in daily life. Therefore, a colorimetric measurement mobile app that is 

fully functional on common mobile devices is an ideal tool for chemistry students to perform active learning 

in the real-life environment. 
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2. MOBILE APP DEVELOPMENT 

As the affordability of mobile devices and the quality of their built-in cameras continually increase, the use of 

mobile devices for colorimetric measurement has been explored in various studies (Kehoe, 2013; Campos, 

2015; Koesdjojo, 2015; Knutson, 2015). The general workflow described in these studies are as follows: use 

the mobile phone’s native camera app to take color images of the sample solution, and use a general-purpose 

color-picker app or desktop software to extract the RGB (Red-Green-Blue) values in the images. Then, use a 

spreadsheet app or desktop software (e.g. Excel, Google Sheets) to tabulate the RGB values, and compute the 

absorbance, calibration profile and concentration of the sample solution. These studies use a combination of 
different apps and/or software on multiple platforms to complete the different steps in the workflow of 

colorimetric measurement, which may be inconvenient to the users, and may lead to erroneous results due to 

human errors when copying data from one software or platform to another. Lopez-Ruiz (2014) and Hussain 

(2016) studies attempted to create a single mobile app that integrates the different steps of the measurement 

workflow. However, their apps were designed specifically to function within the context of their studies and 

publications (i.e., pH value, nitrite content, and fluoride content), and their user-interfaces were not designed 

to cater for a general audience with no prior knowledge in colorimetry. Furthermore, the app by Hussain 

(2016) require a special device to fixate the sample solutions in front of the mobile phone camera lens, 

limiting both portability and practicality. Moreover, at the time of this writing, both apps were only 

compatible with Android mobile devices, and were not made publicly available on Google Play store. 

2.1 App Design & Usage 

The current study will design and produce a mobile app (tentatively named “SPECTRAL”) which will be 

compatible for both Android and Apple iOS mobile devices, and made freely available on Google Play and 

Apple App Store. The app will allow anyone with a mobile device to perform colorimetric measurement 

using the built-in camera at anytime, anywhere without any external apparatus. Our mobile app will consist 

of two modes of operation: calibration and measurement modes. In calibration mode, the phone’s built-in 
camera will capture color image of standard solution placed in front of the mobile phone. This image 

capturing is repeated several times for the same type of standard solution of different known concentrations 

and the RGB values of these images are automatically extracted and stored with the respective concentration 

values (input by the users). These values will be used to calculate the absorbance and construct a calibration 

profile. The absorbance obtained is a normalized value which is dependent of the concentration of sample 

solution (provided that the optical path is fixed). Once the sample container is the same as that of standards 

used for calibration, the quantification would be accurate. In measurement mode, the user uses the app to 

capture a color image of sample solution of unknown concentration, and based on the calibration profile of 

the same type of solution previously measured in calibration mode, the app will compute and output the 

extrapolated concentration of this solution. 

The app’s user-interface design will employ on-demand tooltips, so that instructions will be revealed  
just-in-time as user progresses through the measurement workflow. Another important feature of the mobile 

app design will be its support for informal learning experience. Active learning in the real-life environment 

may not necessary occur within the context of a formal learning experience led by an instructor. Informal 

learning using mobile apps usually occurs during out-of-school time, which means users can be with highly 

varied age, interest, background, and prior knowledge (Land, 2015). In light of this, when designing the app,  

self-guided instructional material on the topic of colorimetry will be strategically embedded into the 

measurement workflow, so that users who have no prior knowledge can also use the mobile app to informally 

learn and apply colorimetric measurement in the real-life environment. 
The completed app will eventually be applied in undergraduate level chemistry, integrated science and 

general education courses at the Hong Kong Baptist University and other sister institutions in Hong Kong. It 

will first be introduced to students in formal learning settings: during laboratory classes when pre-designed 

laboratory experiments involving colorimetric measurement takes place, and during project-based learning 
experience, such as field trips and undergraduate final-year projects, when students will use the app as an 

active learning and investigative tool to study a chemistry related problem. We are also partnering with the 

Hong Kong Education Bureau, which will introduce the mobile app to the Hong Kong secondary schools for 

promoting active learning in STEM (Science, Technology, Engineering and Mathematics) education.  
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It is expected that about 700 local Hong Kong secondary school students will be using this app each year for 

their study in chemistry. 

As mentioned previously, the app will be designed to support active learning in an informal learning 

context as well. It is hoped that university and secondary school students will continuously use the app after 
their formal learning experience; they would use the app to observe their surrounding environment through a 

critical lens, and tackle problems creatively that few of their current generation of instructors can imagine. 

Furthermore, as the mobile app will be available freely on the app store, anyone from around the world can 

download and use the app to learn and conduct colorimetric measurement in their own personal and localized 

context. For instance, an environmental NGO worker from a low-income country could use the app to 

perform colorimetric measurement and determine the cleanliness of drinking water samples taken in a river 

without using an expensive spectrophotometer. 

2.2 Pedagogical Underpinning 

For formal learning in laboratory experiment, our mobile app design must support the associated learning 

outcomes, which are as follows: 

1. Explain the technique, theory, and building components of colorimetric measurement. 

2. Compare the technique of conventional and mobile app colorimetry. 

3. Solve analytical science problems using mobile app colorimetry. 

4. Develop analytical methods using mobile app colorimetry to address real-life problem. 

These four learning outcomes require students to actively construct knowledge in colorimetry and 

experience first-hand the use of colorimetry for tackling analytical science and real-life problem. More 
specifically, these learning outcomes are related to two well-established theories of constructivist learning 

and experiential learning. Recent work by Parsons (2017) provides a rubric-based framework for guiding and 

evaluating mobile learning activity design with respect to different learning theories, among which are 

constructivist and experiential learning. For constructivist learning, Parsons describes that the mobile activity 

should “involves (inter)active construction of knowledge by learners”, and learners should “have control of 

the learning process, and time and opportunity to reflect and develop personal meaning”. For experiential 

learning, on the other hand, the mobile activity should be “designed around a cycle of experience, 

observation, conceptualization, and experimentation, transformed through reflection into new knowledge”. 

These guidelines will serve as useful pedagogical underpinnings to guide the colorimetry mobile apps and 

laboratory experiment design. 

3. CONCLUSION 

The current study design and create a mobile app that supports active learning in analytical chemistry. 

Specifically, it makes learning and performing colorimetric measurement more accessible to chemistry 

students as well as the general public. For further development, a database of different common solutions 

calibration profiles can be stored on a cloud-base server, which could be accessed by anyone though the 
mobile app for measuring the concentration of those common solutions. This would help users bypass the 

calibration process to increase the ease of use. For instance, a housewife could use the app to download the 

calibration data of off-the-shelf products such as orange juice or salad dressing sauces, and easily measure 

their concentration using the app to determine whether the sampled product has been diluted. As a result, this 

app can serve both as an educational and a monitoring tool for the wider general public for causes such as 

consumer right and environmental protection. 

 

 

 

 

 

 

14th International Conference Mobile Learning 2018

185



ACKNOWLEDGEMENT 

The authors would like to thank the University Grants Committee (UGC) of the HKSAR government for 

their funding of “Developing Active Learning Pedagogies and Mobile Applications in University STEM 

Education” (PolyU2/T&L/16-19) under the Funding Scheme for Teaching and Learning Related Proposals 

(2016-19 Triennium). 

REFERENCES 

Campos, A.R., Knutson, C.M., Knutson, T.R., Mozzetti, A.R., Haynes, C.L. and Penn, R.L., 2015. Quantifying Gold 
Nanoparticle Concentration in a Dietary Supplement Using Smartphone Colorimetry and Google Applications. 
Journal of Chemical Education, Vol. 93, No. 2, pp. 318-321. 

de Caprariis, P., Barman, C., and Magee, P., 2012. Monitoring the benefits of active learning exercises in introductory 
survey courses in science: an attempt to improve the education of prospective public school teachers. Journal of the 
Scholarship of Teaching and Learning, Vol. 1, No. 2, pp. 13-23. 

Freeman, S., Eddy, S.L., McDonough, M., Smith, M.K., Okoroafor, N., Jordt, H. and Wenderoth, M.P., 2014. Active 

learning increases student performance in science, engineering, and mathematics. Proceedings of the National 
Academy of Sciences, Vol. 111, No. 23, pp. 8410-8415. 

Hussain, I., Ahamad, K.U. and Nath, P., 2016. Low-cost, robust, and field portable smartphone platform photometric 
sensor for fluoride level detection in drinking water. Analytical chemistry, Vol. 89, No. 1, pp. 767-775. 

Kehoe, E. and Penn, R.L., 2013. Introducing colorimetric analysis with camera phones and digital cameras: an activity 
for high school or general chemistry. Journal of Chemical Education, Vol. 90, No. 9, pp. 1191-1195. 

Koesdjojo, M.T., Pengpumkiat, S., Wu, Y., Boonloed, A., Huynh, D., Remcho, T.P. and Remcho, V.T., 2015. Cost 
effective paper-based colorimetric microfluidic devices and mobile phone camera readers for the classroom. Journal 

of Chemical Education, Vol. 92, No. 4, pp. 737-741. 

Kontra, C., Lyons, D.J., Fischer, S.M. and Beilock, S.L., 2015. Physical experience enhances science learning. 
Psychological Science, Vol. 26, No. 6, pp. 737-749. 

Knutson, T.R., Knutson, C.M., Mozzetti, A.R., Campos, A.R., Haynes, C.L. and Penn, R.L., 2015. A Fresh Look at the 
Crystal Violet Lab with Handheld Camera Colorimetry. Journal of Chemical Education, Vol. 92, No. 10,  
pp. 1692-1695. 

Land, S.M. and Zimmerman, H.T., 2015. Socio-technical dimensions of an outdoor mobile learning environment: a  
three-phase design-based research investigation. Educational Technology Research and Development, Vol. 63, No. 2, 
pp.229-255. 

Lopez-Ruiz, N., Curto, V.F., Erenas, M.M., Benito-Lopez, F., Diamond, D., Palma, A.J. and Capitan-Vallvey, L.F., 
2014. Smartphone-based simultaneous pH and nitrite colorimetric determination for paper microfluidic devices. 
Analytical chemistry, Vol. 86, No. 19, pp. 9554-9562. 

Low, L. and O’Connell, M., 2006, September. Learner-centric design of digital mobile learning. In Proceedings of the 
OLT Conference, pp. 71-82. 

Parsons, D. and MacCallum, K., 2017. A Learning Theory Rubric for Evaluating Mobile Learning Activities. 
International Journal of Online Pedagogy and Course Design (IJOPCD), 7(4), pp.24-38. 

Sharples, M., Taylor, J. and Vavoula, G., 2005, October. Towards a theory of mobile learning. In Proceedings of mLearn, 
Vol. 1, No. 1, pp. 1-9. 

Zydney, J.M. and Warner, Z., 2016. Mobile apps for science learning: Review of research. Computers & Education,  
Vol. 94, pp.1-17. 

ISBN: 978-989-8533-76-0 © 2018

186


	14TH INTERNATIONAL CONFERENCE ON MOBILE LEARNING 2018
	COPYRIGHT
	TABLE OF CONTENTS
	FOREWORD
	PROGRAM COMMITTEE
	KEYNOTE LECTURE
	PANEL
	FULL PAPERS
	METHODOLOGY FOR BUILDING VIRTUAL REALITY MOBILE APPLICATIONS FOR BLIND PEOPLE ON ADVANCED VISITS TO UNKNOWN INTERIOR SPACES
	A MOBILE CLOUD COMPUTING BASED INDEPENDENT LANGUAGE LEARNING SYSTEM WITH AUTOMATIC INTELLIGIBILITY ASSESSMENT AND INSTANT FEEDBACK
	THE EduPARK MOBILE AUGMENTED REALITY GAME: LEARNING VALUE AND USABILITY
	MOBILE LEARNING CONSIDERATIONS IN HIGHER EDUCATION: POTENTIAL BENEFITS AND CHALLENGES FOR STUDENTS AND INSTITUTIONS
	THE POTENTIAL USE OF SMARTPHONE AND SOCIAL NETWORKS IN PUBLIC SCHOOLS: A CASE STUDY IN NORTH OF BRAZIL
	1-DAY MOOC ON MOBILE LEARNING: AN EXPERIENCE REPORT ON THE MODULE ‘EDUCATIONAL CONTEXTS’
	PROMOTING INTRINSIC MOTIVATION WITH A MOBILE AUGMENTED REALITY LEARNING ENVIRONMENT
	PERSONALIZING LEARNING WITH MOBILE TECHNOLOGY IN SECONDARY EDUCATION
	IDENTIFICATION OF THE PARAMETERS CONCERNING YOUNG ADULTS' TAKING EPISTEMIC RISKS IN THEIR SOCIAL MEDIA POSTS WITH ACADEMIC CONTENT
	A SYSTEMATIC REVIEW OF LEARNING AND TEACHING WITH TABLETS
	INDIVIDUALIZATION OF INSTRUCTION USING‘SOCRATIVE’ APP
	ASSESSING MOBILE INSTANT MESSAGING IN A FOREIGN LANGUAGE CLASSROOM
	MOBILE LEARNING AND DIGITAL LITERACY IN THE CONTEXT OF UNIVERSITY YOUNG ADULTS
	SELFIE AS A MOTIVATIONAL TOOL FOR CITY EXPLORATION
	HOW MOBILE ARE TOP-RATED MOBILE LANGUAGE LEARNING APPS?
	TOWARDS A MOBILE AUGMENTED REALITY PROTOTYPE FOR CORPORATE TRAINING: A NEW PERSPECTIVE

	SHORT PAPERS
	PERSONALIZED ADAPTIVE CONTENT SYSTEM FORCONTEXT-AWARE MOBILE
	MOBILE LEARNING BASED GAMIFICATION  IN A HISTORY LEARNING CONTEXT
	A SWOT ANALYSIS OF BRING YOUR OWN DEVICES  IN MOBILE LEARNING 
	THE CATEGORISATION OF THE PUPILS’ WORK WITH IPAD IN A SPECIAL ELEMENTARY SCHOOL 
	WHATSAPP AS A SITE FOR MEANINGFUL DIALOGUE 
	SOFTWARE PLATFORM FOR GAMIFICATION IN THE UNIFIED STATE EXAMINATION PREPARATION ACTIVITIES 
	THE INTRODUCTION OF A PEER-EVALUATION APP FOR IN-CLASS PRESENTATIONS 
	DYNAMIC PROGRAM VISUALIZATION ON ANDROID SMARTPHONES FOR NOVICE JAVA PROGRAMMERS 
	IMPROVING MUSIC PRACTICE WITH A MOBILE LEARNING SMARTPHONE APPLICATION 
	DEVELOPMENT OF A COLORIMETRIC MEASUREMENT MOBILE APP FOR ACTIVE LEARNING IN ANALYTICAL CHEMISTRY 
	EMERGING DOUBLE REPEATED MODEL  FOR LANGUAGE LEARNING MOBILE APPS 
	COMPARATIVE STUDY OF THE CONTEXT-AWARE ADAPTIVE M-LEARNING SYSTEMS  

	REFLECTION PAPERS
	COUNTERFACTUALS, POSSIBLE WORLDS  AND SMARTPHONES 
	OPPORTUNITIES AND CHALLENGES OF USING AMAZON ECHO IN EDUCATION 
	TACIT KNOWLEDGE  IN VIRTUAL UNIVERSITY LEARNING ENVIRONMENTS
	BETTER TEACHING AND MORE LEARNING IN MOBILE LEARNING COURSES: TOWARDS A MODEL OF PERSONABLE LEARNING 

	POSTER
	MAKING INNOVATION VISIBLE 

	DOCTORAL CONSORTIUM
	CELLPHONE USE AND TECHNOLOGICAL APPROPRIATION AMONG HIGH SCHOOL STUDENTS  IN JALISCO, EDUCATIONAL STRATEGIES AND TIES BETWEEN FORMAL AND INFORMAL EDUCATION WITHIN A SCHOOL RANGE 
	MOBILE LEARNING ZIMBABWE- LECTURERS’ PERCEPTIONS 

	AUTHOR INDEX



