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Abstract: The current paper reports part of the findings of an ongoing two-year project on 

infusing digital technology in inquiry activities within General Studies lessons in a Hong 

Kong primary girls’ school. Subjects are 124 P5 students and their teachers. Data collected 

include tests of students’ knowledge on electricity, surveys of students’ attitude towards

inquiry-based learning and the use of digital technology, as well as their corresponding skills,

interviews on students’ and teachers’ experience, and observation of lessons. Results showed

that students showed improvement in certain cognitive understandings; acquired basic skills in 

using digital technology in inquiry activities; were confident in using digital technology in 

their learning; and felt that both inquiry learning and digital technologies can increase their 

interest in science learning. The present work argues on the necessity of engaging teachers 

into authentic inquiry activities in conjunction with appropriate digital technologies for 

effectively developing students’ science process skills and subject knowledge.   

Introduction
Information and Communication Technologies (ICT) have been increasingly introduced into the field of 

education in the past decades (Deng, Chen, Chai, & Qian, 2011; Roger, 2010). ICT can be used in school 

science as a research tool (e.g., data logger, spreadsheet, and other software or devices for capturing, processing, 

and interpreting data), a reference source (e.g., CD-ROMs, internet, and intranet), a means of communication

(e.g., Word, interactive whiteboard, and other software or equipment for publishing and presentation, and 

computer projects), and a means of exploration (e.g., multimedia software for simulation of processes and 

conducting “virtual experiments”) (Ball, 2003). Among these applications of ICT for science teaching and 

learning, the first category is considered the most significant because it can support practical activities or

scientific inquiry (Barton, 2004; Osborne & Hennessy, 2003). Although research findings on incorporating ICT

into inquiry learning at the secondary school level have been widely reported, empirical evidence on the 

immersion of digital technologies into inquiry learning in primary schools is still lacking (Murphy, 2003). The 

current paper reports part of the findings of an ongoing two-year project on infusing digital technologies in 

inquiry activities within General Studies lessons in a Hong Kong primary girls’ school.

Why incorporate ICT in science lessons?
One of the commonly mentioned benefits of using ICT is the enhanced engagement of students (e.g., Deaney,

Hennessy, & Ruthven, 2006; Osborne & Hennessy, 2003). Static numbers, text, and images are typical in 

traditional science teaching. When ICT is used in the classroom, movement, graphs, lights, sounds, and colors 

can all be incorporated in the process of presentation, making such lessons attractive and meaningful for 

stimulating students’ active learning. For example, teachers find that when a data logger is used by students in 

their science practical work, “having something on screen acts as a magnet and helps them focus on their work”

(Deaney et al., 2006, p. 104). Similarly, after reviewing the effect of British government initiatives relevant to 

ICT on secondary schools, Ofsted (2004) states that the usage of ICT in science lessons can allow students to 

“focus more quickly on the graphical results of their science experiments” (p. 41). Aside from the novel and rich 

forms of presentation, students can generate cleaner and more immediate results from ICT, thereby enhancing 

students’ persistence and participation in laboratory activity (Osborne & Hennessy, 2003).   

Using ICT is also associated with the development of inquiry skills in the process of science learning 

(Newton, 2000; Weller, 1996). During the process of traditional experiments, the data collected by students may 

be insufficient or too “messy.” Moreover, traditional experiments are time-consuming because of the necessity 

of taking measurements, tabulating data, drawing graphs by hand, and executing multiple or difficult

calculations. Software or electronic devices can increase the accuracy of data and reduce the effort that students

must exert in collecting and then presenting data graphically (Newton, 2000). Given the increased productivity,

students can have more time and energy to explore the existing data in different ways, considering various 

potential interpretations of the results, and even generate other assumptions to test. All these practices, in turn, 

contribute the development of inquiry skills. The use of digital devices in the school science laboratory also 

makes capturing transient phenomena and monitoring variables for a long period possible, thereby expanding

the range of questions that can be investigated by students (Osborne & Hennessy, 2003; Singer et al., 2000).

With an increased chance of doing science, student inquiry skills can be also improved.  
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The application of ICT has been widely reported to have the potential to enhance students’ conceptual 

understanding of science topics, such as force and motion (Tao & Gunstone, 1999), heat and temperature

(Reid-Griffin & Carter, 200�), and titrations (Deng, et. al., 2011). One of the explanations for this finding is that, 

compared with manual pencil-and-paper methods, the graphs immediately generated by a computer can better

facilitate an appreciation of the patterns embedded in the data to more efficiently “link data obtained during 

practical work with the abstract ideas and concepts of science” (Barton, 2004, p. 32). Moreover, the labor 

entailed by data collection and graph production is alleviated. Thus, students can focus more attention and time 

on thinking about the underlying scientific knowledge (Deaney et al., 2006). When ICT is used as a research 

tool or as a means of exploration, one set of equipment is commonly shared by a group of students. Given the 

collaborative relationship initiated by the use of ICT, meaningful interaction is established among students, thus 

facilitating an understanding of science (Mercer, 1994; Tao & Gunstone, 1999).  

�esearch �ethodolo�y and �ra� e�or�

The present study is based on an ongoing two-year project of infusing digital technologies in inquiry activities

within General Studies lessons in a top-rank primary girls’ school, which is financially supported by the Hong 

Kong Quality Education Fund. The research team from the Hong Kong Institute of Education (HKIEd) is 

responsible for the school-based support of this project, consisting of (i) running workshops for teachers’ 

professional development; (ii) cooperating with teachers to adopt and implement some innovative teaching and 

learning activities or pedagogies (i.e. test-bed activities); (iii) conducting lesson studies with teachers to reflect 

on and enhance their practice; and (iv) evaluating students’ learning effectiveness and attitudes.

The project follows a cross-sequential design in the present work. The project started in the 2010�2011 

academic year with Grades 3 and 5. The same students undergo a follow up when upgraded to Grades 4 and 6 in 

the second academic year, i.e., 2011�2012. Through this design, the project will be conducted in four grades

within two years, i.e., Grades 3 to 6. The topics selected for the infusion of digital technologies in inquiry

learning from Grades 3 to Grade 6 are Living in Hong Kong, Sound and Light, and Electricity and Simple 

Mechanics. The current paper focused on the introduction of Electricity to Grade 5 pupils with the following 

research questions (after participating in the technology-enhanced scientific inquiry activities in this project): 

How well do they master basic operational skills of using digital technology in scientific inquiry� 

Are there any significant changes in students’ attitudes towards using digital technology in science

learning� 

How well do students develop their cognitive understanding of science topics�   

�u��ects
All the General Studies teachers and students at Grade 5 participated in the present test-bed activities. There 

were a total of 124 students (in four classes) and four teachers and all of them are female.  Students were 

engaged in four inquiry activities to investigate a closed circuit, conductor, fruit battery, and electricity 

generation using a magnet. Each inquiry activity was conducted in one double lesson. When students

investigated the closed circuit, a digital camera was used to record and compare the brightness of the bulb. The 

data logger was used with current sensors to probe the conductor and fruit battery and with a voltage sensor to 

conduct the experiments in electricity generation using a magnet. To meet the requirement of primary students,

a data logger called Addestation Amixer that can work without a computer was selected. Its touch screen feature 

can show the figure and generate an instant graph. Students can also manipulate the data logger using the touch 

screen. 

With reference to the constructive approach of teaching science, students were required to perform a 

Predict-observe-explain (POE) task (White & Gunstone, 1992) during the process of inquiry activities, in which 

they need to (i) make a prediction on the result of experiment; (ii) explain their prediction; (iii) conduct an 

experiment to observe and test their prediction; and (iv) reconcile any discrepancy between their prediction and 

the observation. In addition, during the lessons, the students cooperated in small groups of four or five. Each 

class has eight groups.  

�ata collection 
Broadly speaking, four kinds of data were collected, including (i) tests of students’ scientific knowledge before 

and after activities, (ii) surveys of students’ attitude to and skills of doing inquiry and using ICT before and after 

activities, (iii) interviews of students’ and teachers’ experience interviews of students’ and teachers’ experience 

of using ICT in inquiry learning after activities, and (iv) observation of lessons of inquiry learning. No control 

group can be arranged because of the school’s and parent’s concern or insistence to provide equal learning 

environment for all students. The third kind of data will be presented and discussed in another full paper.

The pre- and post-tests both assess students’ conceptual understanding on a closed circuit (six items),

conductor (10 items), fruit battery (four items), and electricity using a magnet (six items). For the questions on 

the conductor, fruit battery, and electricity generation using a magnet in the pre-test, students had to judge 

whether a certain variable can affect the current or voltage whereas they were required in the post-test to decide 
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on whether such an effect occurs as based on their own learning experience. In addition, three additional items 

in the post-test are used to assess students’ operational skills in using a data logger. 

The surveys before and after the inquiry activities both have five corresponding items on experience 

and attitude towards ICT, eight on skills of inquiry, and five on attitude towards scientific inquiry. The survey 

after the inquiry activities has an additional item on the relationship between using ICT and interest in learning 

science. All these items have four options, with 0 indicating “strongly disagree” and 3 indicating “strongly 

agree’”. A total of 12 randomly selected students were interviewed after all the activities were completed, with 

each interview lasting approximately 20 minutes. All of the four P5 teachers attended a half-hour interview

individually. A total of 16 double-lessons were video recorded, in which the activities of two randomly selected 

groups of students were also video recorded in each double lesson. 

�ata analysis
The students’ answers to the questions in the knowledge test were coded into three categories, i.e., right answer, 

wrong answer, and “don’t know,” which were respectively scored 1, -1, and 0. Subsequently, the average of the 

scores on items of the same topic were calculated and used in the analysis. All the quantitative data were 

inputted in SPSS 1�.0 for statistical analysis. Paired-sample t-test was conducted for the corresponding items in 

pre & post test and survey, in which average, t value, significant level and Cohen’s effect size were calculated. 

For those items that have no corresponding items in pre & post test and survey, descriptive analysis was made to 

calculate their means. These quantitative data were grouped and then reported in terms of three areas: skills of 

and attitude towards using digital technology, skills of and attitude towards scientific inquiry, and conceptual 

understanding of electricity topic. All the interview data were transcribed and coded. They were used to 

triangulate with the relevant findings from the questionnaire survey. The lessons observed were analyzed on the 

basis of field notes and video records.  

�esults 

��ills o� and attitude to�ard the use o� di�ital technolo�y
In the post-test, three items assessed students’ operational skills in using a data logger. An average of �4.3�� 

students gave the correct answers to these questions. As indicated in the table below, after these inquiry

activities, students felt that they have significantly more experience in using digital technology in conducting 

experiments (t�4.21, p�0.000, Cohen’s d�0.54�) and know significantly more about how to use a digital camera 

to record data (t�5.46, p�0.000, Cohen’s d�0 .�21). Although no significant increase in other three items was 

observed, students were found to already have very high confidence and a positive attitude toward using digital 

technology in the process of learning in the pre-survey. A total of �3.6� students agreed or strongly agreed that 

the use of digital technology in learning science increased their level of interest. 

Table 1 : Students’ experience of using digital technology and attitudes toward digital technology

���st���s
��a��

�r�

��a��

��st
���� t ����

������s�

����ct�s���

I have experience of using digital technology to 

conduct experiments.
1.9� 2.4 .43 4.21 .000 .54�

I am confident in using digital technology in the 

process of learning.
2.29 2.46 .1� 1.�3 .0�1 .236

I know how to use a digital camera to record data. 1.93 2.4� .56 5.46 .000 .�21

I like using digital technology in the process of 

learning.
2.36 2.3� .03 .31 .�5� .02�

I feel that using digital technology in the process of 

learning is easy.
2.33 2.34 .01 .09 .92� .014

��ills o� and attitude to�ards scienti�ic in�uiry
According to students’ self-evaluation, after participating in these technology-enhanced inquiry activities, a

significant increase in skills in terms of raising questions (t�2.04, p�.005, Cohen’s d�0.220), determining 

classifications (t�4.35, p�0.000, Cohen’s d�0.5�1), and distinguishing the variables in experiments (t�3.30, 

p�0.0.01, Cohen’s d�0.404) were observed. On the contrary, students’ negative perception that doing scientific 

inquiry makes science learning more difficult decreased significantly (t�-6.194, p�0.000, Cohen’s d�-0.�3�). 

Although the data did not indicate a significant increase in other aspects of attitude toward scientific inquiry, 

students’ scores have already been very high in the pre-survey. As the students articulated in the interviews after 

finishing all the inquiries, they are “attracted by these activities” (S3). “If I read book, I can also learn about 

electricity, but when I have done the experiments by myself, I can have a clearer picture of how the result is 

obtained” (S�).  
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Table 2: Items with significant increase in students’ self-evaluation of their own skills of scientific 

inquiry and their attitude toward scientific inquiry

���st���s  
��a�

��r�

��a�

���st
���� t �����

������s�����ct

s���

I can raise questions for scientific inquiry. 2.03 2.19 .16 2.04 .044 .220

I know how to do the classification. 2.02 2.3� .35 4.35 .000 .5�1

I can distinguish the variables in experiments. 2.09 2.36 .2� 3.30 .001 .404

Doing scientific inquiry makes science learning 

more difficult. 
1.96 1.26 -.�1 -6.194 .000 -.�3�

Co�niti�e understandin� on electricity
The pre- and post-tests have been conducted to assess students’ cognitive understanding of electricity. The result 

indicates that students attained a significant gain in their understanding of closed circuits. However, as 

previously mentioned, in the pre-test, students merely had to judge whether a certain factor affects the current or 

voltage generated for the questions on the conductor, fruit battery, and electricity generation using a magnet. On 

the contrary, they are required to decide on why such an effect occurs, if students think that it exists, in the 

post-test. In other words, compared with the corresponding questions in the pre-test, questions are more difficult 

in post-test. Therefore, a direct comparison of these questions cannot be made. As shown in Table 3, despite the 

increased difficulty, the development of students’ understanding on conductors is significant. However, the 

change in the two other aspects appears insignificant.

�iscussions and Conclusion
The present study, to some extent, echoes the argument that using ICT can enhance the engagement of students 

(Deaney et al., 2006; Osborne & Hennessy, 2003). Through the video recording, students were found to be 

enjoying their learning activities when they used a digital camera and data logger for scientific inquiry. The 

interview and survey also gave supporting evidence. We also observed some improvement in students’ skills in 

terms of raising questions, determining classifications, and distinguishing the variables in experiments, when

digital technology is combined with constructive inquiry learning. These findings may partly support the 

relationship between the use of ICT and the development of inquiry skills stated in the literature (Newton, 2000; 

Weller, 1996). However, the survey results indicated that the development of other skills, such as designing

experiments, using tables and charts to present findings, and discussing the results of experiments, is limited. Of

course, the development of inquiry skills is a long-term endeavor that cannot be achieved within a short period.  

The literature indicated the potential of the use of ICT in science learning for enhancing students’ 

conceptual understanding (e.g., Deng, et. al., 2011; Reid-Griffin & Carter, 200�; Tao & Gunstone, 1999). Such 

potential may be partly revealed by the students’ learning of closed circuits and conductors in the present work.

However, the levels of difficulty of the questions on the fruit battery and electricity generation using a magnet in 

the pre- and post-tests are different, so a direct comparison cannot be made. Thus, the absolute value in the 

post-test is not encouraging. In reality, the inquiry activities on these two topics are significantly more complex 

than those for the other two topics. When students use a fruit battery or magnet to generate electricity, they need 

to control numerous variables so that the data collected in different occasions can be comparable. On the 

contrary, such a requirement is a challenge for primary students. Table 4 and Table 5 showed the data collected 

by two groups of students in the activities of investigating fruit battery and generating electricity by magnet.

These tables were showed by teachers in the blackboard. A considerable difference exists between the first 

number of the second row and the three other numbers in Table 4. In Table 5, a large variation exists between

the first and second rows. The discrepancy within the data may interfere with students’ understanding of the 

underlying scientific ideas.   

Referencing Table 4, a teacher says, “if we just focus on the first two digits of the numbers, are they 

close to each other� Yes, they are�  Therefore, will size of fruit affect the current generated by fruit battery� No 

significant effect is found here” (T2). Another teacher, referencing Table 5, says, “To compare the results, we 

Table 3: Students’ conceptual understanding on electricity

����c ��a���r� ��a����st

Closed circuit� -0.05� 0.3�9

Conductor 0.253 0.6�9

Fruit battery 0.242 0.250

Generating electivity by magnet 0.229 0.2�0

�Dif�0.43�; t��.1��; Sig�.000; Cohen�s effect size�1.0��
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calculate the average of two groups�  The average for the triangle coil is 0.01�5, and the average for the round 

coil is 0.014�  No big difference” (T4). In reality, the difference in the data collected by second group is 

significant, as shown in Table 4. The trends in the two rows are also different. The difference between the two 

groups in Table 5 is also very significant. By calculating the average in this situation, some very important 

information is overlooked. Thus, students should be guided to be more critical of the collected data by obtaining 

more data and discussing the underlying reasons for the inconsistency, rather than quickly drawing conclusions. 

A similar argument is emphasized by Newton (2000), stating that teachers need to “teach pupils to notice events 

and data features and be critical of data” (p. 125�). Such activities are especially important for students just 

starting to do scientific inquiry. 

  

In summary, the present study indicates that incorporating ICT in primary science teaching is possible. 

The lack of a control group is the key limitation of this study. More efforts should be exerted in developing

relevant teaching resources and incorporating such resources into the formal curriculum. However, General 

Studies teachers may not be able to efficiently use the data generated by digital technologies in inquiry activities 

in developing students’ scientific ways of thinking. These teachers require more professional development to 

enhance their relevant teaching skills so that they can help students acquire a better understanding of the nature 

of inquiry by engaging them in authentic inquiry activities. 
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Table 4: Data collected by two groups of students 

when investigating the effect of the size 

of the same kind of fruit on the current 

generated by a fruit battery

Electricity

(Current) 

Size of fruit 

Small Big 

Group 1 0.912 0.932 

Group 2 0.992 0.922 

Table 5: Data collected by two groups of students 

investigating the effect of the shape of a

coil on the current generated by a magnet

Electricity

 (Voltage)

Shape of Coil 

Triangle Round 

Group 1 0.026 0.024 

Group 2 0.009 0.004 

ICLS2012 Volume 2: Short Papers

© ISLS 340


