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The studies

Seven studies exploring the integration of tablets from years 
K-6 (2013-2019) 

• App design and its effect on student learning pathways 

• Literacy/Reading - apps and phonics development 

• Science - apps as digital scaffolds and learning simulations 

• Technology - apps for coding and computational thinking development 

• Collaborative learning - device design features and functions. Nature of 
student talk when collaborating using devices 

• Apps, collaboration and thinking skill development 



The research environments

The flexible learning spaces 
used in the junior and senior 
school studies 



To find answers to questions we needed to learn how children 
worked with the iPads by themselves, in small groups, with and 
without the teacher being present

Common data method



Display recording



StudioCode video data analysis 

Common data analysis method



Quantitative data export



Other data methods

• Teacher and student interviews and focus groups

• Stimulated recall interviews (SRI)

• Classroom observations

• Student survey

• Whole class and group 
video recording



Recent studies

• Coding and thinking skill development in junior school 
classrooms (5-6 year olds)

• Using simulations to teaching 
basic science procedures and 
concepts in junior classrooms (5-6 
year olds)



Questions

Study 1: Coding and thinking skill development in 
the junior primary school (5 & 6 year olds)

 • What types of general thinking skills were evident, and 
how were they applied, in students’ computational work?  

 • What relationship exists between the exercise of general 
thinking skills and students’ computational work? 



Integration of coding with mathematics



Sample display recorder data (from Scratch Jnr.)



The data analysis 
framework 
(adapted from Brennan and 
Resnick, 2012)



The coding framework  
(adapted from Brennan and Resnick, 2012)



Sample data
Analysis (debugging, think aloud)



Sample data
Analysis (prediction)



Applying  
Building, testing, running, incremental (step by step) 

Sample data



Results - key findings 

45% av. coded Remembering and Understanding (collaborative, task and tool 
knowledge, essential to process)

17% av. coded Analysis (predictive before testing  
11%; debugging after  
testing 6%)

26% av. coded Applying 
(building code- incremental 
or  ‘build and test’)

12% av. coded Evaluation 
(against success criteria 
leading to change: 10%; or 
no change: 2%. Varying 
strategies)



Planning & abstract thinking



Visualisation

Peer feedback



Summary
Emphasis on skill transfer from computational thinking-based tasks such as coding 
(eg., Lye & Koh, 2014; Papert, 1980; Wing, 2010) has distracted from evaluating 
thinking skills in operation during these tasks

• Conceptualising tasks, problems, criteria, resources (‘chunking’- deconstruction into 
manageable pieces);

Collaborative coding tasks can provide students with valuable opportunities to 
exercise a wide range of general and computational thinking skills:

• Questioning (of self & others) as a practice and perspective;

• Collaboration and sharing (connecting - understanding; analysing - debugging; 
sharing advice);

• Supports emerging mathematics and computational concepts (eg., distance, 
direction, sequencing, variables, triggers);

• Paired arrangement valuable- rich dialogue ‘ramped up’ thinking (peer 
scaffolding);

• Valuable for competency development: self-management, self & peer assessment, 
thinking, planning



Study 2:

Young Children Learning Simple Circuit Concepts Using 
Animated Simulations: An experiential learning theoretical 
analysis 



Why study animated simulations?

• Mathematics processes and basic computational procedures (using VMs; 
Bullock, Moyer-Packerman, Shumway, MacDonald & Watts, 2015; Rosen & Hoffman, 2009; Steen, Brooks & 
Lyon, 2006)

• Special Education (ASD) subtraction processes (using VMs; Bouck, 
Satsangi, Doughty & Courtney, 2013)

• Science (older students) (Zacharias, Olympiou & Papaevripidou, 2008 ; Jaakkola & Nurmi 
2008, Wang and Tseng, 2018)  
 
Comparative studies exploring different combinations of  
simulations and concrete experiences reported  
generally favourable outcomes with older students

Very few studies have been undertaken involving 
young children learning with simulations, and 

none could be found investigating their use in 
science



2. Do science simulations 
provide opportunities for young 
students to exercise higher 
order capabilities, such as 
reflective thinking and abstract 
conceptualisation?

1. Can science simulations help young students learn simple circuit 
concepts, construction procedures, and the function of circuit components? 

Questions 



Pedagogy, organisation and learning design

Nineteen student pairs (mixed, different abilities, collaboration)

Series of 7 lessons (25-30 
minutes each)

Existing knowledge canvassed informally (discussion)

Teacher role - introduction and 
continuous scaffolded support (not 
direct instruction)

Problem-based



The simulations

DC circuit builder

Electronics for kids

Exploriments simple circuits

Parallel bulbs



Data coding 

Circuit concepts

Concept 
(code)

Circuit knowledge 
(sub-codes)

Indicative data from display 
recorder

Explanation of code (and students’ responses) 
(NB: ‘appliance’ includes bulbs, toys etc.)

Operating circuits are 
closed (uninterrupted)

Circuits must  
be continuous

Circuit not working  
due to missing component/
appliance

Operating circuits must be closed (retrospective debugging to locate 
fault usually caused by missing wire or appliance)

Checking there are no gaps or 
spaces in  
circuit while building

Operating circuits must be closed (checking all components are 
included while constructing, not retrospective)

Checking connections Wires or appliances must be accurately connected (retrospective 
debugging connections when circuit doesn’t work)

Series circuits 
(voltage drop, resistors in 
single circuit)

Current has only one 
path in a series circuit

Remove one appliance and 
others stop working

In a series circuit if one appliance is removed it creates a ‘gap’, 
stopping current to other appliances (inserting or removing 
appliances and commenting on effect)

Ordering of appliances does 
not affect their performance

In a series circuit the order of appliances doesn’t affect their 
performance (changing order of appliances and/or commenting on 
the nil effect of doing this)

Appliances ‘share’ 
voltage in series 
circuits

All bulbs are dim The more bulbs there are in a series circuit, the dimmer they will be 
(comments such as bulbs are ‘dim’ or ‘weak’)

All toys go slow The more toys there are in a series circuit, the slower they will go 
(comments relating to slowness of toys’ actions)

Parallel circuits (equal 
voltage, resistors in 
‘separate’ circuits)

Current has more 
than one path in a  
parallel circuit

Remove one appliance and 
others keep working

In a parallel circuit, each appliance has its own current 
‘branch’ (inserting or removing appliances and commenting on nil 
effect on others)

Laddering’ appliances Connecting appliances in a ladder-like formation (‘piggy-backing’ 
bulbs/appliances by terminal-to-terminal connection)

Appliances get the 
same voltage in a 
parallel circuit

All bulbs are bright In a parallel circuit, all bulbs will be bright (comments such as all 
bulbs are bright and/or ‘glowing circle’ is the same size)

All toys go fast In a parallel circuit, all toys ‘go fast’ (comments relating to ‘equally 
fast speed’ of toys

Resistance (effect on 
current,  
resistor performance)

Resistance affects 
current

Bulbs change brightness Variable (slider) and fixed resistor components affect appliance 
performance (comments relating to effect of manipulating variable 
or including fixed resistor on appliance performance)

Controlling current in 
circuits 
(circuit components)

Switches  
control current

Switches turn appliances on 
and off

Manipulating switches in circuits controls current to appliances 
(opening and closing switch and noting effect on all appliances)

Switches can control different 
appliances in parallel circuits

Manipulating different switches in a parallel circuit can control 
current to separate appliances (opening and closing switch and 
noting effect on individual appliances)

A master switch can control 
current to all appliances in a 
parallel circuit

A master switch can control current in a parallel circuit containing 
multiple appliances and switches (opening and closing master 
switch and noting effect on appliances, regardless of state of other 
switches)

Table 2 
Conceptual learning codes and descriptions 

Operating circuits are closed 
(uninterrupted)

Series circuits 
(voltage drop, resistors in 
single circuit)

Parallel circuits (equal 
voltage, resistors in 
‘separate’ circuits)

Resistance (effect on 
current, resistor 
performance)

Controlling current in circuits 
(circuit components)

Controlling current in circuits 
(circuit components)



Data coding 

Experiential 
learning

ELT phase Colour code Description Elaboration/illustrative data

Concrete experience N/A Introducing students to the tasks. Teacher-led focus 
activity.

Introduction to challenge tasks and simulations at the 
beginning of each session. Short revision of learning from 
prior session. Teacher support and facilitation during lessons.

Descriptive observation & 
thinking

Students describe observed events (what 
happened?) with no speculation/explanation of 
reason, or expressed intent to find out (why?).

Verbal description of simulation’s response (or not) to students’ 
input or action.  
“the energy bars (electrons) are going ‘round (sic) the 
track” (J&P). 
“the power’s going around… I can see it” (C&N).

Reflective observation & 
thinking

Students question observed events. Evidence of 
seeking explanation or reason, with explicit or 
implied reference to prior learning.

Verbal evidence of questioning result or seeking explanation 
(why?) 
“I wonder why all the energy bars are different?” (J&S). 
“It should be going… we did it like that before and it 
went” (L&A).

Conceptualising Tentative generalised ideas or theories about how 
components function and/or how circuits should be 
built (procedures), and/or conceptual ideas or 
theories about why operating circuits need to be 
constructed in particular ways.

Verbal evidence or speculation indicating procedures and/or 
conceptual ideas about operating circuits. 
“You’ve got to connect them in a circle… like we did 
before…” (H&J). 
“Yep, it must be ‘cos there’s a gap… so the battery can’t get 
through” (C&N). 
“The pump (switch) has to be down… it stops the charges… 
they can’t get passed…” (B&E).

Experimenting Applying tentative theories and testing ideas within 
and between simulations.

Verbal and visual evidence of applying tentative theories and 
ideas within and between simulations. Direct reference, 
inference, or application of knowledge to solve problems in 
simulations. 
“…if we close this gate (switch) and the other one’s still 
open… then the power should still go ‘round… but if we open 
both gates, then it shouldn’t” (J&S).

Table 3 
Experiential learning codes, descriptions and illustrative data (from Kolb, 1984) 

Concrete experience

Descriptive 
observation &  
thinking 

Reflective 
observation 
& thinking

Conceptualising

Experimenting



The Studiocode coding template



Sample data: 
controlling 
current



Sample data - emerging concepts about current



Circuit concepts



Thinking, idea 
generation 
(theorising), and 
experimenting 
(testing theories) 



Students' learning 
pathways analysed 
using an adapted 
Experiential Learning 
Framework (Kolb, 
1984) 



Main outcomes

Predominance of descriptive thinking that provided only weak support for abstract 
conceptualisation and theory generation  

Students who observed and then reflected on observations (speculated, attempted 
to make sense of what was happening) outperformed others in abstract 
conceptualising and theory generation, and were more likely to move on to test 
emerging ideas (experimentation). Building reflective observation capacity is 
critical to students' effect use of simulations

The design of some simulations assisted students to understand certain concepts, 
such as continuous current (e.g., 'snap-to' connection tolerances)

The design and functioning of some simulations appeared to foster development of 
misconceptions, such as current being 'consumed' by resistors (e.g., bulbs, toys) 

Interaction and dialogue when working in pairs greatly assisted problem solving 
and elevated the complexity of thinking (from descriptive to reflective)

Simulations were more effective for building students' procedural knowledge. 
Conceptual learning, and its accuracy, cannot be assumed.



Current work (in press)

From Simulations to Real: 
Investigating young students’ 
learning and transfer from 
simulations to real tasks 



Any questions?


