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1. Introduction

• Inquiry-based learning supported by Information and Communications Technology 

(ICT) tools, especially mobile devices, has been a desirable innovative approach to 

instructional practices in science education (Bano et al. 2018; Linn & Eylon, 2011).

• However, ICT-rich classrooms are complex, highly unpredictable with many 

constraints (PISA, 2015; Roschelle, Dimitriadis, & Hoppe, 2013).

• Research evidence indicates

o teachers lack the capacity to make the instructional design of collaborative 

science inquiry, and students lack collaborative inquiry-based learning skills in 

conducting the learning activities across formal and informal settings 

(e.g., Lakkala et al., 2005; Onyema et al. 2019), 

o especially during COVID-19 when all the lessons have to be conducted online 

(Dhawan, 2020).  



Thus, the focus of this research is to develop a mobile learning app 

termed “m-Orchestrate” (“m” stands for mobile, “orchestrate” means 

manage the inquiry learning activities) that provides a practical solution 

to this question.

1. Introduction

• “How to scaffold both teachers and students to conduct collaborative 

science inquiry in a seamless learning environment more effectively ”

remains an issue to be addressed.



2. Design principles of the 

m-Orchestrate app
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2. Design principles of the m-Orchestrate app

• The design of the m-Orchestrate learning app: 

o grounded in social constructivist theories with a more generic 

pedagogical structure as scaffolds for learners’ inquiry (Hakkarainen, 

Lipponen, & Jarvela, 2002; Vygotsky, 1978); 

o integrates mobile technology into science curriculum, assessment, 

collaboration and inquiry-based pedagogy (Sharples, 2013; Song, 2018); 

o support learning in across different learning settings (Song, 2018)

• The pedagogical structure is comprised of five elements: “engage, explore, 

analyze, explain and reflect” developed from the “inquiry-based learning 

model” in our earlier study (Song, 2014; Song, 2016).



The evolution of learning modes

Face-to-Face 
learning

E-learning
Mobile learning

Seamless 
learning

(SL)
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Seamless learning (SL)

• Seamless learning refers to “the seamless integration of the 

learning experiences across various dimensions including 

formal and informal learning contexts, individual and 

social learning, and physical world and cyberspace” 

(Wong & Looi, 2011, p. 2364).
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3. Features of M-Orchestrate App

• The m-Orchestrate app is a learning system that aims at supporting teacher 

orchestration and student collaborative science inquiry in a mobile / seamless 

learning environment (Song, Cao, Tam, & Looi, 2019). 

• The design of this app adopts the science inquiry model (engage, collect, analyse, 

explain and reflect), which is one of the inquiry-based models underpinned by 

social constructivist theories. 

• The collaborative science inquiry model consists of five phases, and 

• “We” is added as a prefix before the inquiry phases to stand for collaboration, 

namely, WeEngage, WeCollect, WeAnalyse, WeExplain and WeReflect.



3. Features of M-Orchestrate App

Figure 1. Technologies and features on the m-Orchestrate app.



Inquiry Phase Function Functionality for student inquiry

All phases Notes For making location-based notes with 

texts/audios/images/videos 

Mind maps For structuring information and synthesizing ideas 

collaboratively

WeEngage Inquiry questions For raising inquiry questions

For commenting on the raised questions

For deciding the question(s) to explore

WeCollect Tasks For planning inquiry tasks

For division of labour

For collecting text/image/video/spreadsheet data

WeAnalyse Data analysis For analysing collected text/image/video/spreadsheet data

WeExplain PPT slides For presenting and elaborating findings

WeReflect KWL tables For reflecting on different topics 

4.1  Functionalities to Support Students’ Collaborative Science Inquiry



Demonstration Video
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4. A case study of collaborative 
science inquiry in a seamless 
learning environment leveraged by 
the m-Orchestrate App during the 
COVID-19 
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4.2 Project: Prevention of diseases during the coronavirus pandemic

Figure 2. Homepage of project “prevention of diseases during the coronavirus pandemic”.

• Participants: One class of 

students from a Hong Kong 

primary school (n=20) 

• Topic: Prevention of diseases 

during the coronavirus pandemic

• Groups: A/B/C/D/E/F



4.2 Project: Prevention of diseases during the coronavirus pandemic 

• In the WeEngage phase, 

students raised their inquiry 

questions. 

• Based on the discussion and 

teacher’s suggestions, students 

decided to explore

o “What types of masks can 

help us prevent the 

coronavirus? and 

o “what are the major causes 

of common diseases?”

Figure 3. Raised inquiry questions in WeEngage.



4.2 Project: Prevention of diseases during the coronavirus pandemic 

In the WeCollect phase, students

• planned tasks; 

• divided work among group 

members; and

• collected data and information 

online or in real life settings.

Figure 4. Planned tasks and collected data in WeCollect.



4.2 Project: Prevention of diseases during the coronavirus pandemic 

• In the WeAnalyse phase, the 

students used spreadsheet and auto-

generated diagram function to 

analyse data. 

• Figure 5 shows that students in the 

Group D analysed the differences 

in lifetime and effectiveness 

between different types of masks 

(e.g., N95, medical mask, and 

cotton mask). 

Figure 5. Results of data analysis of a spreadsheet in WeAnalyse.



4.2 Project: Prevention of diseases during the coronavirus pandemic 

• In the WeExplain phase, they 

demonstrated the cause of 

coronavirus and some 

common types of masks used 

in COVID-19 in the 

slideshow to elaborate their 

findings. 

Figure 6. A slide show in WeExplain



4.2 Project: Prevention of diseases during the coronavirus pandemic 

• In the WeReflect phase, they 

made reflections on what 

they know (K), what they 

want to know (W), and what 

they have learned (L) before 

and after the inquiry process 

continuously. 

Figure 7. KWL tables in WeReflect.
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5. Data collection and analysis
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Data collection Instruments Data analysis

Questionnaire The English version questionnaire was 

adapted from the technology acceptance 

model (TAM) (Venkatesh & Davis, 2000) 

with 24 items in eight dimensions: 

perceived ease of use, perceived usefulness, 

attitude toward using the dashboard, social 

influence, facilitating conditions, self-

efficacy, anxiety and behavioural intention. 

Descriptive statistics were utilized 

to describe and compare the means 

with the assistance of SPSS version 

26.

Two focus group 

discussions for students

One interview for the 

teacher

The interview questions were constructed 

based on the eight dimensions of the survey 

with follow-up questions.

Content analysis was used to 

analyse focus group interviews to 

triangulate the data about the 

teacher and student’s perceptions of 

the app.
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6.1 Survey Results
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Table 2. Descriptive statistics of students’ perceptions of m-Orchestrate App

The survey results are presented in Table 2. In this study, the Cronbach’s alpha was 0.917, suggesting that the items have relatively

high internal consistency (Cronbach, 1951). Overall, the results of the quantitative data analysis show that the students held neutral

attitude towards the m-Orchestrate app with an average mean of 3.47. To be specific, the average means for the eight items were as

follows: perceived usefulness (M=3.58, SD=.81), perceived ease of use (M=3.43, SD=.84), attitude toward using the app (M=3.65,

SD=.73), social influence (M=3.55, SD=.76), facilitating conditions (M=3.67, SD=.64), self-efficacy (M= 3.72, SD=.58), anxiety

(M=2.70,SD=.56), and behavioural intention (M=3. 45, SD=.85).

Items N Min Max Mean SD

Perceived usefulness 20 1.67 5.00 3.58 .81

Perceived ease of use 20 1.33 4.67 3.43 .84

Attitude 20 1.75 5.00 3.65 .73

Social influence 20 2.00 5.00 3.55 .76

Facilitating conditions 20 2.33 4.67 3.67 .64

Self-efficacy 20 2.67 4.67 3.72 .58

Anxiety 20 1.67 3.67 2.70 .56

Behavioural intention 20 1.67 4.67 3.45 .85

Valid N (listwise) 20



6.2 Interview Results
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Dimensions Interview Results

Perceived usefulness All students believed dashboard was useful for their 

learning. 
• This app was very interactive. I was very clear about the division of labour

in my group. When I encountered difficulties, I just left a message as a 

comment, my groupmates or teachers would reply to me. (Nick)

• In the WeCollect phase, we could divide labours and check each group 

member’s responsibility. I think it was essential to teamwork. In addition, 

we could add videos, upload pictures, and record our voice to contribute 

the same inquiry task. It felt like a real collaboration moment! (Julie)

Perceived ease of use 29.4% of students held neutral attitudes. 
• Functions of analysing pictures and spreadsheets in the WeAnalyse phase 

were complicated which need more explicit guidance for students to use.

• he Mind Map was useful in brainstorming, but it was not easy to add links 

between blocks. 
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Dimensions Interview Results

Anxiety 23.5% said they were anxious when they failed to upload 

videos and pictures because there was no message to tell them 

whether they upload successfully or not.

Attitudes All students showed positive attitudes. They stated that it was 

fascinating that they could use the app to guide and support 

collaborative science inquiry.

Social influence All students agreed that they would get motivated and adjust 

learning pace after checking group members’ learning process 

on the m-Orchestrate app. 
• If other members have done their tasks but one team member was still 

working, we could ask him/her if he/she needs help. Teachers could also see 

the students who have not completed the task and give advice. (Julie)

• We could adjust the labour division to improve the whole group’s efficiency 

if we found someone finished the required tasks very quickly. (Sandy)

6.2 Interview Results
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Dimensions Interview Results

Facilitating conditions 88.2% of students considered it would be better if a built-

in guidance or demonstration video could be provided to 

grasp what the app can help them at a glance.

Self-efficacy Most of the students (88.2%) thought it was not easy to use if 

there was no one around to tell them what to do. 
Therefore, guidance is necessary for the later implementation of the m-

Orchestrate app to support primary students’ collaborative science 

inquiry.

Behavioural intention All students stated that they understood the importance 

and meaning of team collaboration and acknowledged that 

the m-Orchestrate app could guide and motivate them to 

contribute more to the group project. 

6.2 Interview Results



The teacher interview
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Dimensions Interview Results

Advantages • scaffold the teacher to design collaborative inquiry-based learning tasks;

• bridge in-class and out of class learning;

• provide dashboard to get to know students’ learning progress;

• provide students a platform to conduct their learning activities and monitor     

their learning process;

• provide Chat Room for students to interact with each other to prevent them 

from being off-task if they use other communication channels.

Comments 

and 

suggestions

• suggest using the app in upper-grade primary students as the app is quite    

complicated and may not be easy for lower-grade primary students to use; 

• provide a guide for students to use;

• in the explain stage, add recording function;

• in the concept map, allow students to upload images;

• allow students to embed web link (e.g., Youtube) to the app;

• have alert messages if new information is posted.



7. Conclusion and Future Work
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7. Conclusion and Future Work

• This article reports on an evaluation study of enhancing pupils’ science learning

with the collaborative inquiry-based learning model, namely, WeEngage, WeCollect,

WeAnalyse, WeExplain and WeReflect as a scaffold embedded in the m-Orchestrate

app for students to conduct their online collaborative science inquiry.

o An evaluation study was conducted to understand students’ perceptions on using

the m-Orchestrate app for collaborative science inquiry during COVID-19.

o The results show that their perceptions were generally positive, and they

reported that the app was useful for their collaborative learning. Students also

provided useful suggestions for improving the app.



7. Conclusion and Future Work

• Future work focuses on refining the app and scaling up its

implementation:

o Several critical bugs were identified (e.g., fail to upload videos and pictures

and link between blocks in mind maps) and will be fixed up;

o A demonstration video will be made to instruct primary students at the

beginning of using the app;

o For better experience of conducting collaborative science inquiry on the m-

Orchestrate app during the outbreak of COVID-19, the functions to support

remote collaboration will be considered, such as update notifications and

marking different users on their changes to the learning content.



An ongoing mobile 

collaborative 

science inquiry 

learning project in 

a primary school
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