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1. INTRODUCTION. FOUNDATIONS OF THIS STUDY. 

Development of a high school teaching/learning sequence (TLS) [1], on acids and bases with several 
experiments involved, and a constructivist focus, incorporating ICT. The TLS is based on three 
elements: 
 

a) Acids and bases content in eight Mexican textbooks of Junior High School.  

The main features of these books are: 
•Treatment is focused on the sub-microscopic and symbolic aspects of acids and bases. 
•Encyclopaedic definitions without explaining or relating them to the properties of the substances. 
•Definitions are presented without clarifying the context. 
•Assessments encourage memorization of the concepts. 

•Most laboratory activities are recipes, without promoting reflection and analysis. 

 

b) Pedagogical Content Knowledge (PCK) of ten Mexican teachers of High School and College 
with large experience on teaching the topic. 

The PCK [3] was documented by the Content Representation (CoRe) presented by Loughran et al. [2] 
modified framework. The teachers selected the central ideas for teaching that topic and the 
researchers classified them as (not in order to teach them):  

1) pH / relative strength;  

2) Acid base concept;  

3) Concentration;  

4) Neutralization reaction; 

5) Auto-ionization of water; 

6) Arrhenius’ model;  

7) Brønsted-Lowry’ model;  

8) Acid-base equilibrium. 

To find out their way of teaching they answered eight questions for each central idea; about 
objectives; knowledge of alternative student’s conceptions; troubles when teaching and learning; 
effective sequencing of topic elements and approaches to the framing of the idea; use of appropriate 
analogies, demonstrations and examples; and insightful ways of testing for understanding. 

c) Learning troubles and alternative conceptions documented for 388 Mexican High School 
students. 

The main results with two questionnaires were that students: 
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• Mix macroscopic, sub-microscopic and symbolic levels. 
• Consider that acids only mix with bases, do not react between them. 
• Believe that the presence of H or OH in the formula, determines the character of the solution. 
• Declare the Arrhenius’ definition of acids and bases, as the only definitive. 
• Consider neutralization reactions and acid-base reactions as synonyms. 
• Confuse acidic or basic strength with solution concentration. 
• Do not understand the relationship between pH and the logarithmic function. 

 

2. GOALS AND TLS. 

2.1 Purpose and Description of the Macro TLS. 

Aim: To transfer results to the classroom or laboratory, supporting teaching activities at high school 
level, through the construction of didactic guides, videos, presentations, interactive software, linking 
with books or papers reading, etc.  

The TLS: “Macroscopic View of Acids and Bases” cover contents, in two main sections: 

Section A, Didactic Guide, which includes information to help teachers with the development of the 
practical activities of the sequence.  

Section B, Practical activities developed, especially laboratory activities. 

One practical activity is made by the students in the laboratory, named “Depending on the frog’s size 
is the stone throwing”. It consists on the attack of acid solutions of different concentrations on an 
aluminium foil with the form of a cone. The time taken for the acid to perforate the foil is measured with 
a chronometer and graphics of concentration vs. time are constructed with Excel end exchanged and 
compared with six different patterns by Google Docs; it has the following purposes:  

a) Make evident to students that both acids and bases may have a corrosive nature. 

b) Familiarize students with the chemical reactivity concept and its relation with acid concentration; 

c) Foster the fact that reactivity is not a simple linear relation on concentration. 

In particular, shared documents of Google Docs were used by means of a spreadsheet design to 
promote modelling, discussion and collaboration among students, within the general frame shown in 
figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.General scheme of the TLS macro strategies 
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2.2 Experimental activity “Depending on the frog’s size is the stone throwing”. 

It was developed in an ICT equipped lab-classroom (with computers and software for supporting the 
teacher) with 27 pupils (in teams of 3-4 students; 16-17 years old) of a High School of the National 
University of Mexico. The starting point was the hypothetical analysis of the attack of different 
concentrations of hydrochloric acid on an aluminium sheet, followed by modelling the election of one 
of six graphs of concentration vs. time in a shared spreadsheet, justifying and giving arguments on 
their election (see figure 2).  

 

Figure 2. Questions for the prediction in spreadsheet of shared Google Docs. 

The experimental activity was then developed, drawing up the corresponding graph of real results and 
answering a set of questions over the same phenomenon.  

While performing the activity, students realized the webcam available in the laboratory, and the 
teacher had the simultaneous opportunity to monitor the entire computer keyboarding of the students 
through the spreadsheet in Google docs. That corresponds to the presence of a Technology PCK on 
this laboratory experiment [4]. 

 



It is worth to highlight three main incidents related with the experimental activity performance: 

a) Pupils’ confusion on the nature of the bubbles formed (air, water vapour, oxygen, hydrogen chloride 
and hydrogen were mentioned). 

b) Two of the teams referred they were watching a physical change. 

c) Three teams wrongly predicted that increasing acid concentration will increase the time to make a 
hole on the aluminium foil. 

 

3. DESCRIPTION OF THE INFORMATION AND COMMUNICATION 
TECHNOLOGIES APPLIED. 

During the planning and development of a TLS, the researcher and the teacher should consider the 
selection of those technological tools that allow students to develop multiple representations during 
the development of a task. 

3.1 Spreadsheets. Graphics. 

Consideration of different representations of natural phenomena has become an important element in 
science teaching, as it promotes the conceptual changein students. Chemistry teachers use various 
technological tools for observation and analysis of a chemical reaction. Among these is the graphical 
representation of data through spreadsheets, as in this case. 

3.2 Real-time computer-aided collaborative work. 

Nowadays, collaborative work has led to new expectations in the teaching of science, mainly because 
of the possibilities for real-time collaboration in activities promoted through technologies offered by 
Web 2.0.In our lab-classroom each desk has a computer and devices for imaging, audio and video. 
The laboratory offers general purpose software, as simulators, for measurement and analysis of data, 
and Internet access. 

All computers are interconnected in a LAN network allowing sharing information as well as delivery 
and collection of the material generated in the lab. Through the communication network services, 
users of the laboratories may employ different information resources such as digitized books, access 
to specialized digital libraries, and use of online testing software. For the teacher, a classroom 
management tool “HP Digital Classroom” (see figure 3) is installed, which gives control of the lab-
classroom to teachers with the opportunity to establish an atmosphere of discussion and comparison 
of observations and results. 

 

Figure3. Classroom control software. 

Google Docs allows users to create and edit documents online while collaborating in real-time with 
other users. Documents, can be created, imported through the web interface, sent via email, or be 
saved to a user's local computer in a variety of formats. Google Docs serves as a collaborative tool for 
editing amongst teams in real time. We have found in Google Spreadsheets a tool to promote 
discussion, argument and experimentation among chemistry students. 



3.3 Acidity and Basicity Interactive Multimedia. 

As a complementary tool, in the TLS there is an interactive multimedia development with the aim of 
presenting some relevant historical aspects about scientists and definitions related to the topic.The 
interactive uses the concept of a timeline to present information related to the development of 
concepts of acidity and basicity as well as prominent individuals in the field. Figure 4 shows an 
example of characters and concepts of the stages. The interactive allows reviewing the concepts that 
each character was connected to. 

 

Figure 4. Example of Character and concepts. 

Conclusions 

To develop education for the future, it is mandatory to consider the role of technologies.  It is time to 
plan education with an ICT component by which acid rain, stomach acidity or antacids can be 
concepts simulated and interacted with students.  
The responses of teachers to the CoRe framework show: 
• Great diversity in the didactic and epistemological beliefs. 
• Some-quite updated- were discursive in their responses, some were too succinct. 
• Some teachers perceived conceptual contents as most important in teaching of acidity and basicity, 
while a good part of them incorporate, procedural and attitudinal aspects, within a socio-constructivist 
approach. 
• The extended responses were related to the importance of learning the subject, with the background 
content and skills students must possess to properly understand each concept; shorter, with respect to 
specific forms of assessment, its relationship to the everyday environment and its historical evolution. 
The determination of the central ideas by teachers was the main strategyused in the development of 
the TLS. 
The authors have planned, developed and evaluated a high school teaching/learning sequence on the 
topic with several experiments involved; one of them detailed in this work.  
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