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Abstract 
Information, computer and Internet technology are receiving increased attention in education, 
especially in flipped-classroom environment. The challenge of integrating the technologies into 
science education has been made to pay attention in a scaffolding mechanism. This research 
presents a flipped-teaching approach by means of using a computer-aided blended and scaffolding 
learning toolbox to reinforce numerical concepts for science education. This toolbox has been 
developed in MATLAB environment and framed in Adobe Captivate 6 as a HTML5-based e-Learning 
application to be used for laboratory session. The application provides different tools to establish the 
calculations needed to perform an instrumental analysis calibration and the quality parameters of a 
science education method. In addition, it includes the most relevant analytical tests that are normally 
used to study the possible matrix effect or to compare the results from different methods or students’ 
calculations. Through this toolbox, students can acquire the skills needed to establish the quality 
parameters of an analytical method in science education. This application, named AChemFIT, was 
used as flipped-teaching approach, that is, one of blended and scaffolding learning systems. Thus, the 
main objective is to investigate how and to what extend students would benefit from applying this new 
toolbox other than what the traditional teaching strategies that are currently used in laboratory 
exercise. The research appoints a general good perception of the application and highlighting the 
application feasibility to achieve a more significant learning. on the style sheet, as illustrated by the 
portions given in this document. 
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1 INTRODUCTION 
The Computer-Aided Learning (CAL) systems are reflected to be an operative teaching medium for 
flipped-classroom that can be effortlessly implemented and can be employed by students without 
location and/or time restrictions [1,2]. The steadfast development of computer sciences has endorsed 
the implementation of a great variety of CAL schemes. The challenge of integrating the technologies 
into science education has been made to pay attention in a scaffolding mechanism [1]. In fact, the 
existing virtual classes on the basis of collaborative and cooperative web tools such as Moodle or 
WebCT are previously utilized in most universities and educational institutions [3-5]. Alongside these 
web instruments, the operation of user-friendly coding schemes and communicating e-Learning or m-
Learning functions permits instructors to improve ad-hoc portions of software or applications to 
reinforce the concepts and notions that students have previously work in textbooks or engaged 
lectures, particularly in those subject with complex and refined contents of mathematical calculations 
applied to science education data [6]. 

The MATLAB as matrix laboratory is called as an interactive and a communicating system in which 
elementary data element is an array display that permitting one to resolve numerous technical 
computing difficulties, remarkably those with matrix and vector expressions. Also, the MATLAB 
incorporates computation, graphic visualization, and programming in an easy-to-used setting, where 
snags and answers are articulated in familiar mathematical representation. The utilization of MATLAB 
codes with educational determinations is extensively described for science education exercises [6,7]. 
Here, the MATLAB codes are projected to supplement the guides of diverse theoretical themes, 
generally in those associated to chemometric and statistical data managing. Furthermore, lately, the 
MATLAB codes have been employed as a toolbox to stipulate an individual marking scheme for 
experimental laboratory lessons [6,7]. 

The toolbox/software is supplemented with a manual and a tutorial part mounted in Adobe Captivate 
6, a HTML5-based e-Learning function, devoted to inculcate students in the utilization of the intended 
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toolbox/software [8-10]. Thus, Adobe Captivate 6 permits to improve high-quality sample that 
replicates all the software abilities and capabilities with various learning methods. Spontaneously, 
screen capture archives all activities, embracing mouse actions and keyboard movement as a video 
workflow. The resulting contents of interactive e-Learning are to publish with HTML5, that can being to 
any multimedia manoeuvre. Meanwhile, presently there is a bunch of software tools envisioned to help 
the students in flipped-teaching educational systems, delivering interactive and communicating 
tutorials to promote the understating of a specific theoretical content. The benefits of these e-learning 
functions comprise the resources for formation of motivational surroundings heightening meaningfully 
students’ learning. Different quotations have been previously distributed [11], demonstrating that 
students attain better understanding, recollect the information longer and appreciate class more when 
the CAL or e-learning methodologies are engaged, permitting and boosting their construction of a 
more consistent understanding of the intersected faces of a regulation. 

Information, computer and Internet technology are receiving increased attention in education, 
especially in flipped-classroom environment. This research presents a flipped-teaching approach by 
means of using a computer-aided blended and scaffolding learning toolbox to reinforce numerical 
concepts for science education. In MATLAB environments, this toolbox has been developed and 
framed in Adobe Captivate 6 as a HTML5-based e-Learning application to be used for laboratory 
session. The toolbox provides different tools to form the calculations required to perform an 
instrumental analysis calibration and the quality parameters of a science education method. Thus, it 
includes the most relevant analytical tests that are normally used to study the possible matrix effect or 
to compare the results from different methods or students’ calculations. Through this toolbox, students 
mostly can obtain the skills desirable to institute the quality parameters of an analytical method in 
science education. This application, entitled he AChemFIT, was used as flipped-teaching approach, 
that is, one of blended and scaffolding learning systems. Thus, the main aim is to work how and to 
what extent students could benefit from pertaining this new toolbox other than what the traditional 
teaching strategies that are currently used in laboratory exercise. 

2 METHODOLOGY 
The AChemFIT is envisioned to postulate to advance science education students an integrative 
statistical tool to enable the formation of the main quality parameters of a numerical exercise on the 
basis of a computer-aided blended and scaffolding learning toolbox to reinforce numerical concepts for 
science education. Furthermore, the AChemFIT aims to reinforce a number of theoretical and 
mathematical concepts that develop students can obtain in lectures via the practice thanks to the 
limitless number of exercises that the AChemFIT specifies along with the m-Learning tutorial and 
demos that are afforded as well. 

In different subjects of science education, exceptionally in laboratory sessions, students have to study 
how to regulate the concentration or intensity of an unidentified sample, on the basis of the signal that 
is stipulated by a scientific tool, when a property of this sample is dignified. To resolve this glitch, first a 
calibration curve has to be recognized amongst the signals offered from normal examples of known 
concentrations, and the influential signals acquired in the same circumstances of the unknown 
sample. Afterwards, it can be described that regression as the procedure to define mathematically the 
finest equation for the calibration curve. Hence, the calibration curve displays the relations between 
the dignified signal and the analyte’s concentration in a sequence of standard. The most valuable 
calibration curve is a straightforward line since the method’s sensitivity is the same for all deliberations 
of analyte.  

Along with the concentration resolution of the unknown sample, students must inaugurate the 
excellence of the calibration curve in the context of estimating the dissimilar errors related with the 
regression line, or the standard deviation for the computed meditation of the unknown sample. 
Moreover, those statistical and mathematical parameters, there are other characters with more 
science education sense that must be designed to comprehend the probability of the proposed 
science education method such as, the analytical sensitivity, certainty intervals for the analyte’s 
concentration, exactness curve, and limit of discovery or quantification. The mathematical 
terminologies and equations required for these calculations can be discovered in statistical texts that 
are recapitulated in Table 1 [12]. 
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Table 1. List of equations used in the AChemFIT to calculate the main quality parameters [12]. 

Equation Function 

 
Linearity 

 
Analytical Sensitivity 

 

Limit of detection 
(Long and Winefordner 

criteria) 

 

 

Limit of detection 
(Clyton criteria) 

 

Pooled estimated 
variance for the 

comparison of two pair 
of data (s21 =s22) 

 
Comparison of two pair 

of data (s21 =s22) 

 

Comparison of two pair 
of data (s21 =s22) 

 

Joint confidence region 
for the slope and 

intercept 

3 RESULTS 
The AChemFIT is devoted to two statistical examinations that are envisioned to associate two different 
science education methodologies. Firstly, the “Slope comparison examination of two different 
calibrations”, likens the two calibration lines slopes. If a standard addition-calibration track is likened 
with an unweighted calibration line, students could control the presence of a matrix result if both 
slopes are not statically alike as shown in Figure 1. A matrix effect is a joint effect of all mechanisms of 
the sample, other than the analyte on the dimension of the quantity, instigating intervention. The 
“Comparison of the expectation capabilities of two different methodologies” choice is the last analytical 
test veiled in this toolbox. This test will assess the correctness of two different approaches in terms of 
forecasts or will liken the consequences assumed by two different students and/or laboratories. 
Accordingly, the input data required to accomplish this test is the calibration-lines of the approaches 
that are necessary to be associated along with the projected concentration of a set of unknown 
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samples. A pseudo linear regression as a result is completed on the basis of the predictions results of 
the two methods where in the X-axis the prediction results for the method A and in the Y-axis the 
prediction results for the method B, will be embodied. The best condition will be when the predictions 
outcomes for the two methods are equivalent. In those circumstances, the slope ought to be close to 
one and the interrupt close to zero in the pseudo linear regression. A combined confidence area for 
the slope and intercept will be a decent means to gauge if the prediction results from both methods 
are statistically different or not. If we desire to exam the joint hypothesis that β = 0 and h = 1, the use 
of a joint hypothesis test or a joint confidence area for the slope and intercept is mandatory. This test 
reflects the correlation between the estimates slope and intercept (m and b). All sets of m and b that 
drop within the ellipse are measured to be comprised in the joint confidence interval.  

 
Figure 1. Screenshot obtained subsequently progressing with the assessment  

of two calibration curves test.  

The AChemFIT toolbox is accompanied within an interactive tutorial part untaken in Adobe flash 
format that all the applicability and capability of AChemFIT toolbox is shown. In this tutorial part, the 
diverse choices of the toolbox are discovered in the similar way that students ought to trail to shape 
and authenticate a numerical concept. In addition, the tutorial part displays how to inaugurate the 
AChemFIT setting. The user manual of AChemFIT and the demo-simulation marks the understanding 
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of subjects very easier. The Adobe Captivate permits to simulate the AChemFIT processes, these 
replicated experiences were presumed to be a esteemed toolbox for students’ conceptual and 
theoretical understanding. Simulation lessens complication via computer-simulated learning practises, 
prudently sustained throughout the circumstantial knowledge for guarantee conceptual 
comprehension. The projected tutorial part comprises of a communicating practice in which the 
student is directed to inaugurate the quality parameters of an analytical method on the basis of the 
different applications coded in the AchemFIT. Help notes and visual aid are demonstrated when the 
student makes an error or the accurate occupation is not pertained. Finally, student could customize 
the utilization of AchemFit exemplars that can be inevitably created by the Examples generator sector. 

4 CONCLUSIONS 
This research examines a flipped-teaching method by means of using a computer-aided blended and 
scaffolding learning toolbox to reinforce numerical concepts for science education. This toolbox has 
been developed in MATLAB environment and framed in Adobe Captivate 6 as a HTML5-based e-
Learning application to be used for laboratory session. The toolbox specifies diverse tools to institute 
the calculations desired to perform an instrumental analysis calibration and the quality parameters of a 
science education method. In addition, it contains the most pertinent analytical tests that are generally 
employed to work the possible matrix effect or to compare the results from different methods or 
students’ calculations. Throughout this toolbox, students can attain the abilities needed to establish 
the quality parameters of an analytical method in science education. This AChemFIT was employed 
as flipped-teaching approach, that is, one of blended and scaffolding learning schemes. Thus, the key 
objective is to examine how and to what range students would advantage from pertaining this new 
toolbox other than what the traditional teaching strategies that are presently used in laboratory 
exercise. The research retains a general good insight of the toolbox and emphasising the toolbox 
feasibility to achieve a more noteworthy learning. on the style sheet as exemplified by the measures 
specified in this work. 

ACKNOWLEDGEMENTS 
Authors thank to Consejerería de Economía e Infraestructura y Fondo Social Europeo (Project 
IB18004 and Project GR18004) and Project EDU2016-77007-R (AEI/FEDER, UE) of the Ministry of 
Science, Innovation and Universities of Spain for their support. 

REFERENCES 
[1] Jeong, J.S., Ramírez-Gómez, Á., González-Gómez, D. (2017). A web-based scaffolding-

learning tool for design students’ sustainable spatial planning. Architectural Engineering and 
Design Management, 13(4), 262-277. 

[2] Jeong, J.S., Ramírez-Góomez, Á. (2018). Development of a web graphic model with fuzzy-
Decision-Making Trial and Evaluation Laboratory/Multi-Criteria-Spatial Decision Support System 
(F-DEMATEL/MC-SDSS) for sustainable planning and construction of rural housings. Journal of 
Cleaner Production, 199, 584-592. 

[3] Heck, B.S., Poindexter S.E., Garcia, R. (2000). Integrating the web into traditional teaching 
methods. Proceedings of the American Control Conference. Chicago, Illinois. 

[4] Kapur, S., Stillman, G. (1997). Teaching and learning using the world wide web: A case study. 
Innovations in Education and Training International, 34, 316–322. 

[5] Jeong, J.S., González-Gómez, D., Cañada-Cañada, F., Gallego-Picó, A., Carlos Bravo, J., 
2019. Effects of active learning methodologies on the students’ emotions, self-efficacy beliefs 
and learning outcomes in a science distance learning course. Journal of Technology and 
Science Education, 9(2), 217-227. 

[6] Espinosa Mansilla, A., Muñoz de la Peña, A., González Gómez, D. (2005). Using univariate 
linear regression calibration software in the MATLAB environment. Application to chemistry 
laboratory practices. The Chemical Educator, 10, 337-345. 

0583



[7] Espinosa Manasilla, A., Muñoz de la Peña, A., Cañada Cañada, F., Bohoyo Gil, D., Gonzalez 
Gómez, D. (2007). Analytical chemistry computational experiments. An educational kenetic 
study using MATLAB programming. The Chemical Educator, 12, 190-195. 

[8] González-Gómez, G., Jeong, J.S., Airado Rodríguez, D., Cañada-Cañada, F. (2016). 
Performance and perception in the flipped learning model: An initial approach to evaluate the 
effectiveness of a new teaching methodology in a general science classroom. Journal of 
Science Education and Technology, 25, 450-459. 

[9] Jeong, J.S., González-Gómez, D., Cañada-Cañada, F. (2018). The study of flipped-classroom 
for pre-service science teachers. Education Sciences, 8(163), 1-11. 

[10] Jeong, J.S., González-Gómez, D., Cañada-Cañada, F. (2016). Students’ Perceptions and 
Emotions Toward Learning in a Flipped General Science Classroom. Journal of Science 
Education and Technology, 25(5), 747-758. 

[11] Regueras, L.M., Verdú, E., Muñoz M.F., Pérez, M., Castro, J.P., Verdú, M.J. (2009). Effects of 
competitive e-learning tools on higher education students: A case study. IEEE Transaction on 
education, 52, 279-285. 

[12] Ramis Ramos, G., García Álvarez-Coque, M.C. (2001). Quimiometría (Chemometrics). Sintesis, 
Madrid. 

0584




