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Introduction 
 

 For many years, Governments across the world have highlighted the importance of developing high 

levels of science capability and literacy in students, pointing to its vital role for achieving economic, 

environmental, social and population well-being goals (eg., Government of Western Australia 2015; Ministry of 

Business, Innovation and Employment 2015; OECD 2007; Watson, Crawford and Farley 2003). However, 

according to the OECD’s Programme for International Student Assessment (PISA), overall achievement in 

science has, at best, stagnated, with the 2012 report indicating over 70% of students in participating countries 

showed either no change or a deterioration in results between 2009 and 2012 (OECD, 2014). New Zealand, 

where the present study was conducted, registered one of the largest declines at 2.5%. According to researchers, 

facilitating improvement in this situation is going to take time, requiring a multifaceted approach involving 

teachers and the science and wider communities, “working together to develop the kind of science education we, 

together, agree is needed” (Gilbert and Bull 2013, p. 16). Some see a role for technology in this process, citing 

benefits such as technology’s ability to lessen cognitive load, help visualise difficult to see or understand 

scientific phenomenon, communicate science concepts and content, share outcomes from science investigations, 

and better locate the learning of science in authentic contexts (Zydney and Warner 2016). 

Technology, mobile devices and learning in science 
 

 Considerable evidence spanning many years suggests technology can play a role in assisting to 

improve teaching and learning in school science (eg., Ellis 1984; Kara 2008; Khan 2011; Kubieck 2005). Both 

empirical and theoretical work point to beneficial outcomes from using technology to promote science 

engagement and retention (Kara 2008); understanding of science process skills (Osman and Vebrianto 2013); 

supporting inquiry-based pedagogy (Looi, Sun and Xie 2015; Windschitl 2000), and learning science content 

(Meluso, Zheng, Spires and Lester 2012). While early studies generally concentrated on the use of desktop 

computers (eg., Hartley 1988; Weller 1996), recent technological advances including the advent of portable 

devices such as digital tablets, have opened new possibilities for educators to incorporate technology into their 

science learning programmes. Being relatively affordable, devices such as Apple’s iPad and their Android-based 

equivalents have gone some way towards addressing the historical problem of limited student technology 

access. Provisioning systems such as BYOD (Bring Your Own Device) or mobile, school-supplied device 

trolleys (pods), mean that increasing numbers of teachers have access to devices on a whole class or small group 

basis, making their regular use viable across the curriculum. These devices are supported by thousands of free or 
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very cheap apps (applications) downloadable from repositories such as Apple’s AppStore or Google’s Play, 

many which are reported to be for educational purposes1. 

 Paralleling this, research studies are emerging investigating the use of mobile devices in school science. 

These studies report outcomes from wide-ranging investigations. They include using iPads to assist 

intellectually-impaired students’ engagement in inquiry-based science (Miller, Krockover and Doughty 2013); to 

introduce STEM to preschool students (Aronin and Floyd 2013); teach earth science concepts (Wallace and 

Witus 2013) and promote personalised learning within an elementary school biodiversity study (Song 2014). 

While some studies concentrated on affective or dispositional elements such as student engagement or 

motivation towards science (eg., Miller et al. 2013), others explored how the devices could be used as a practical 

tool within science investigations – for example, for recording, analysing and reporting data (eg. Wilson, 

Goodman, Bradbury and Gross 2013), or as a means of extending classroom-based science into the field and 

home environments (eg., Looi et al. 2015; Song 2014). While engagement and attitude to science are important 

considerations, it could be argued that justifying use of these devices for this reason alone, is insufficient. Indeed, 

it is unclear in some studies reporting positive ‘science engagement’ outcomes, whether claimed benefits are 

linked to enthusiasm for science, or simply enthusiasm for using a device during science. 

Conceptual, procedural, strategic and metacognitive scaffolds as cognitive tools in science 

learning 
 

 Jonassen and Reeves (1996) describe cognitive tools as “technologies that enhance the cognitive powers 

of human beings during thinking, problem solving and learning” (p. 693). More recent thinking has expanded 

this conceptualisation to emphasise the importance of interaction between the learner and technology tools 

(Kirschner and Erkens 2006). These perspectives promote technology tools and learners as “intellectual partners 

(in the) learning and working process - each are responsible for what they can perform best” (ibid, p. 202). They 

have also contributed to an expansion of thinking about how technology features can function alongside learners 

as technology scaffolds, drawing on Vygotskian theory relating to the role of people, systems or tools in helping 

learners bridge the gap between actual and potential performance (Vygotsky 1978). 

 Exploring these ideas, recent studies by Kim and Hannafin (2011b) have focused on how technology-

based science scaffolds might help students “achieve what they cannot accomplish independently” (Kim and 

Hannafin 2011b, p. 407). Specifically, they have centred on how they might help students negotiate problems 

encountered in science inquiries through providing conceptual (knowledge-building), procedural (understanding 

                                                 
1 According to Apple, presently there are over 80,000 educational apps in the AppStore 
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methods and processes), metacognitive (encouraging reflection and higher order thinking) and strategic 

(prompting ways of solving problems) support. Kim and Hannafin’s (2011b) empirical work in schools 

concluded that student interaction with scaffolds was either static (following guidelines or procedures) or 

dynamic (interactive- responding to cues or feedback). Furthermore, they highlighted methodological challenges 

to researching in this area, claiming that accurate knowledge about the performance of technology-based 

scaffolds will not be found by evaluating pre-post test scores, but through researchers gathering data in the 

“dynamic classroom settings” (p. 412) in which they are being used.  

 Recent work by Zydney and Warner (2016) extended the earlier work of Hannafin, Land and Oliver 

(1999) and Kim and Hannafin (2011b) by evaluating mobile device apps for the presence of scaffolds that were 

considered to support students’ conceptual, metacognitive, procedural and strategic processes. Their meta-

analysis of 37 available studies reporting use of mobile apps for science learning, concluded that scaffolds were 

generally included to lessen the cognitive load on students - most frequently by assisting with the development 

of conceptual knowledge. These scaffolds were usually static in nature, the most effective of which were 

described as offering “two-tiered guidance” (p. 6) that firstly provided general conceptual information, followed 

by questions or prompts demanding more in-depth understanding, the construction of which was supported by 

additional resources and information. A small number of apps contained metacognitive scaffolds designed to 

promote student reflection, build learner autonomy, and encourage self-management. Typically, these scaffolds 

helped students record questions or queries they had about the concepts or methods being introduced, often by 

providing a personalised log useful for later research or teaching. Procedural scaffolds were included to help 

students learn scientific techniques or processes. Some demonstrated the operation of equipment (eg., Hwang, 

Tsai, Chu, Kinshuk and Chen 2012) while others illustrated specific aspects of experimental methods or 

processes (eg., Ahmed and Parsons, 2013). Strategic scaffolds operated in a similar manner, except they focused 

on providing structures to help students address problems they encountered in their investigations. Strategic 

scaffolds ‘stepped’ students progressively through stages needed to solve a problem/s, frequently by linking 

related tasks that build required knowledge or skills. However, as Zydney and Warner (2016) point out, 

irrespective of scaffold type, their appropriate positioning and placement within the app to provide just-in-time 

or ‘when needed’ support, was critical to their effectiveness. Understanding the different forms technology-based 

scaffolds can take and their intended roles in supporting students’ science learning is important for 

conceptualising results from this study, given its principal goal of investigating how students integrated their use 

with their practical experiment work.   
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The research framework 

 Original concepts of scaffolding were associated with Vygotsky’s notion of Zone of Proximal 

Development (ZPD), which he defined as “the distance between (a learner’s) actual developmental level… and 

the level of potential development as determined through problem solving under adult guidance or in 

collaboration with more capable peers” (Vygotsky 1978, p. 33).  Key to this original concept was fading, 

whereby supports were progressively diminished as learner performances improved, showing greater 

competence in self-regulation and ability to assume responsibility for tasks. Historical definitions of scaffolding 

emphasised the role of social interaction, where learners benefited from the input of adults (often teachers) or 

capable others (eg., Stone 1993; Winn, 1994; Wood, Bruner and Ross 1976).  

 More recently, this original concept has been expanded to consider how digital tools might perform 

similar functions within technology-enhanced learning environments (Sharma and Hannafin 2007). In these 

contexts, research has explored the outcomes of “technology-mediated support to learners as they engage in a 

specific learning task” (ibid, p. 29), with studies concentrating on identifying effective blends of technology 

scaffold use and teacher support. In science learning, work has investigated the relative merits of faded vs 

continuous technology scaffolds, specifically focusing on aspects of science skills and knowledge that may be 

better served by different combinations of scaffolds of each design (eg., Wu 2010). Results from these studies 

signal the relevance of both technology and human factors in providing effective scaffolding support in dynamic 

classroom settings (Devolder, van Braak and Tondeur 2012; Kim and Hannafin 2011a; Kim, Hannafin and 

Bryan 2007; Wu 2010). 

 The research framework for the present study draws upon this earlier theoretical work in its focus of 

examining the interaction between technology scaffolds and primary (elementary) students’ learning of basic 

‘forms of energy’ concepts. Its secondary focus investigates human factors such as curriculum design and 

teacher planning and interaction with students, and how these aligned with, supported, and was supported by, 

the app-based scaffolds (see Figure 1).  

<INSERT FIGURE 1 ‘THE RESEARCH FRAMEWORK’ ABOUT HERE>  

 

The research questions 

 Two research questions, developed after consultation with the classroom teachers, guided data 

collection for this study. The teachers were keen to learn more about how their students independently used, and 

made decisions about using, different functions of apps and devices in their learning, and to gather information 

that would assist them to learn more about ‘good’ app design. They considered this information important for 
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improving how they used devices in their BYOD classroom by supporting better app selection, and for helping 

refine learning task design and pedagogy to optimise potential learning benefits. 

The research questions were: 

1. How were app scaffolds used by students to support the learning of basic energy 

science concepts? 

2. How did teachers plan and facilitate use of the apps integral with the students’ self-

directed science activities? 

 Given the distributed nature of the students’ activities, to gather information that adequately reflected 

their interactions required a data method that could ‘follow the student’, as they completed their experiments in 

different locations. It was also important that the data gathered represented students’ natural and unscripted 

interactions with the equipment, each other, and their devices and apps. Earlier studies by the author (eg., 

Author, 2013) suggested a strong Hawthorne Effect when using traditional video and audio data recording 

methods with young children. For this reason, a unique display and audio capture tool used successfully in 

previous research was employed (see later discussion). 

The research context 
 

 Data were collected from 65 year 5&6 students (10-11 year olds) attending a medium-sized primary 

school (500) in a semi-rural area in the Waikato region of New Zealand. The students were working in groups of 

3 or 4 with two experienced teachers in a large, flexible space, set up as an Innovative Learning Environment 

(ILE)2 (Figure 2). Data collection occurred in early 2016 over six separate sessions across a period of three 

weeks, when students were exploring different Energy-related concepts (Physics and Chemistry). Learning 

objectives were linked to the New Zealand curriculum’s Nature of Science and Physical and Material World 

strands, with an emphasis on investigating and communicating in science, building conceptual understanding of 

the properties of materials, and explaining physical phenomena. 

<INSERT FIGURE 2 ‘STUDENT WORKSTATIONS IN THE ILE’ ABOUT HERE> 

 

Each workshop session lasted approximately 1-1 ½ hours and were similarly structured: 

1. The teachers introduced the science concepts for each session; 

                                                 
2 The New Zealand Government is renovating schools to develop ILEs as part of its programme to evolve 

physical learning spaces to promote collaborative teaching and learning and ‘21st Century’ competency 

development. See http://www.education.govt.nz/school/property/state-schools/design-standards/flexible-

learning-spaces/ 
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2. Students worked independently in groups, using the apps to decide which experiment they would 

undertake, plan and organise equipment, understand the method and procedure, execute the 

experiment, and monitor, record and evaluate outcomes; 

3. A whole class plenary when students shared outcomes and developing science ideas. 

The workshops served as an introduction to a larger inquiry learning unit where students were to complete 

group investigations based on questions they formulated relating to one of the introduced energy concepts. The 

teachers intended that students learn core conceptual knowledge through the workshops, that could then act as a 

base from which they could build during their self-directed inquiries. The apps used in the workshops were 

specifically selected for this purpose, providing a relatively structured introduction to the range of science 

concepts that comprised the core of the learning unit. Once each group had decided on an experiment, they 

selected a suitable workspace inside the ILE or outside in the school grounds, depending on the chosen 

experiment and the amount of space and type of resources needed. 

 While the two teachers had been involved in prior studies with other classes (see Author and Author 2 

2014; Author 2015; Author 2016a; Author 2016b), this was the first time this group of students had participated 

in the research. Appropriate consent processes were followed with full ethical clearance being granted by the 

University’s Research Ethics Committee. This included parental informed consent and ongoing student assent 

for using the display and audio capture tool, and for the images and data excerpts reported in this article. 

The apps 
 

 The French-developed Okiwibook science apps selected for the workshops might best be described as 

‘minimalist’ apps for 7-12 year olds, designed on the assumption “that the best way to learn something is to 

observe and manipulate it” (Leglise 2014, para. 2). Each app in the series comprises an optional quiz (science 

history and facts) and a range of experiments related to the energy topic (chemical, physical etc.). The 

experiments contain a short introduction, an equipment list, bulleted instructions, and an explanation of the 

scientific phenomenon being investigated (Figure 3). There is also an optional video (no audio) showing 

numbered stages involved in setting up and completing each experiment.  

<INSERT FIGURE 3: ‘TYPICAL LAYOUT OF THE OKIWIBOOK SCIENCE APPS’ ABOUT HERE> 

 

Data procedures 
 

 Several challenges related to researching in mobile device-supported learning environments were 

identified in earlier studies by the author (Author 2016b). Briefly, these concerned difficulties capturing data in 

learning scenarios where students were highly mobile, such as when they used their devices in different activity 
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stations or physical spaces, inside and outside the classroom. For this reason, a device-embedded recording 

system was developed at the researcher’s university and installed on a set of 15 university-supplied iPads. These 

were pre-installed with the Okiwibook apps and the recorder, which could be activated and deactivated by the 

students via a tap sequence on the display. Having the students do this each time reminded them that their data 

were being recorded, helping meet ethical assent requirements. 

 The recording system captured display video and audio (via the microphone), and optionally, video 

from the device’s Facecam (front mounted camera). Data were temporarily stored in a dedicated directory on 

each device and downloaded to the researcher’s laptop, after each session. Highly efficient compression meant 

approximately 1 hour of data could be stored per MB of available device memory. In total, more than 40 hours 

of data were captured during the 6 sessions, representing the work of all 18 groups on 24 of the available 35 

experiments contained in the apps.  

Selection of data samples 
 

 Due to the volume of data generated and the time-consuming nature of coding video data, the 

following criteria were applied to selecting a representative sample for analysis. The criteria were developed in 

consultation with the class teachers, to ensure that data from students of a range of abilities and skill levels and 

across all six sessions, were included. Samples were selected comprising: 

1. students of mixed literacy and numeracy abilities; 

2. students of varying levels of general learning engagement; 

3. students with varying social/collaborative skills; 

4. students of varying levels of known interest in science. 

In total, just over 10½ hours of data from 9 student groups were analysed. 

 

Data analysis 
 

 Following a grounded theory approach, a random selection of just over 3 hours of the sample data were 

double-blind open coded using Studiocode video analysis software, to identify themes (codes) aligned to 

sequences of events contained in the raw data. Studiocode enables the generation of timelines mapping events in 

video data either against pre-specified code frameworks, or initially as in this case, to help identify code 

categories from which frameworks can be developed. The researcher and a postdoc assistant imported then 

independently reviewed the sample selection in Studiocode, to determine how and when the students integrated 

the app scaffolds and device features with their practical work. Following this, both coders met and compared 

the categories and sub categories each had identified. Category labels and definitions (for primary and sub 
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codes) were negotiated and used to re-code the sample and remaining selected data. The primary codes, sub-

codes and a description of coded events aligned with each from the display capture videos, are summarised in 

Table 1. This framework was used to code the selected data, and to generate active code buttons in Studiocode 

(see Figure 4) from which the statistical summaries for all student groups were exported and charted (see 

Figures 5-8). 

<INSERT TABLE 1: ‘PRIMARY AND SUB-CODES USED FOR ANALYSIS’ ABOUT HERE> 

 

Coding agreement 
 

 The codes in Table 1 were formed into the Studiocode template that was used to re-code the three hour 

sample, and the (approx.) 7½ hours of remaining data selected for analysis. The template can be seen in Figure 

4.  

<INSERT FIGURE 4: ‘THE CODING FRAMEWORK DEVELOPED FROM SAMPLE DATA’ ABOUT 

HERE> 

 

 The research assistant coded the selected data using the template, while the researcher did the same for 

a three hour random selection of the same data. Both coders then met and compared decisions from the three 

hour sample to determine the level of rater-agreement. Across primary codes, in the three hour sample the 

assistant identified 553 events and the researcher identified 527. Of these, 466 were judged to be ‘in common’ 

and were used to calculate rater-agreement using Cohen’s kappa. The results of this grouped by primary code 

are summarised in Table 2. 

<INSERT TABLE 2: ‘INTER-RATER AGREEMENT ALIGNED WITH CODING THEMES’ ABOUT 

HERE> 

 

Findings 
 

 Coded data were exported to .CSV files for charting in Excel. As Studiocode cannot convert individual 

event times to percentages of runtime (ie., total time on the task), both the event times and runtime were 

converted in Excel to percentages of a whole day (ie., 24 hours), thus enabling comparisons and charting to be 

carried out. Figure 5 shows raw and converted data for one group.  

<INSERT FIGURE 5: ‘SAMPLE RAW AND CONVERTED DATA’ ABOUT HERE> 

 

 Data for the primary codes and their sub codes were exported to pie charts for visual representation 

(Figures 6-8). 

<INSERT FIGURE 6: ‘UNDERSTANDING AND ACCESSING THE EXPERIMENTAL METHOD’ ABOUT 

HERE> 

 

<INSERT FIGURE 7: ‘PLANNING AND PREPARATION’ ABOUT HERE> 

 

<INSERT FIGURE 8: ‘SHARING, RECORDING AND COMMUNICATING’ ABOUT HERE> 
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 Samples of data coded under the primary and sub codes are contained in Tables 3-5. Each Table 

comprises contextual information surrounding the coded event, a related thumbnail image from the display 

recorder data, and a verbatim transcript of the students’ conversations taken from the recorded audio. These 

selections were chosen as generally representative of events aligned with each code. 

<INSERT TABLE 3: ‘PLANNING AND PREPARATION’ ABOUT HERE> 

 

<INSERT TABLE 4: ‘UNDERSTANDING AND ACCESSING THE EXPERIMENTAL METHOD’ ABOUT 

HERE> 

 

<INSERT TABLE 5: ‘SHARING, RECORDING AND COMMUNICATING’ ABOUT HERE> 

 

Discussion 
 

Students’ use of procedural scaffolds 

 

 Results indicate students used procedural scaffolds at various stages of their investigations, according 

to their needs at the time. Over five hours (nearly half) of runtime was spent accessing procedural scaffolds to 

check and/or monitor methods either before or during the experiment (44%: ‘Before’ or ‘During’ in 

Understanding and Accessing Method), or evaluating or comparing their method to that recorded in the apps, 

after the experiment (27%: ‘After’ in Understanding and Accessing Method). The latter was generally employed 

when the students’ results were unexpected, or when they repeated the experiment, changing variables and 

noting any effect this had on outcomes. Of greatest value for this purpose was the video. Although each 

experiment contained a bullet list of instructions (see Figure 3), most students preferred to use the video to 

check their procedures and results. The text bullet list was accessed infrequently and almost exclusively before 

students began the experiment, as a sort of ‘checklist’ to get a sense of what they needed to do. 

 The video scaffolds were around 2 minutes in duration, and divided the method into 3-4 main stages, 

each separated by a numbered transition. A notable feature was the absence of a voice over, and any other 

verbal or written cues. Whether this was a deliberate design decision or not is unknown, but data suggests there 

may have been learning benefits from doing this. When considering the scaffold types summarised earlier, the 

absence of audio had the effect of elevating what might otherwise have been a basic procedural scaffold, into 

more of a metacognitive scaffold. As Kim and Hannafin (2011b) point out, scaffolds “that tell students which 

problems to solve or how to solve problems, may undermine rather than cultivate problem identification. 

Learners may simply comply with directions rather than internalize guidance… and students may become 

dependent on them” (p. 412). The presence of audio that directs students to complete stages of experiments in a 

‘lock step’ fashion, and/or provides too much information if results aren’t as expected, while possibly reducing 

cognitive load, would also lessen the opportunity for engagement in the type of analytical discussions and 
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thinking captured in these data. Students were recorded scrutinising the videos very closely, discussing their 

observations, making links to their own work, and speculating on the effect differences might have had on 

outcomes (eg., Table 4, rows 1&2).  Acknowledging the limitation that no comparisons were made with apps 

containing video with audio, the richness of recorded conversations suggested the students’ thinking benefited 

from having access to less information, as they analysed and interpreted for themselves what was happening, 

speculating on possible reasons for differences in their results. Having only visuals also appeared to stimulate 

discussion about variables and how they might impact upon results (29%: ‘Variables’ in Understanding and 

Accessing Method). An example of this can be seen in Table 4 row 2, when students were discussing the 

possible effect of the length of the protruding screw in their ‘Submarine Pen’ experiment. Being able to visually 

compare their equipment and procedure with that shown in the video, appeared to be valuable for promoting 

thinking about the influence of variables.   

 Students also frequently used the video to check equipment and methods, during the experiments 

(20%: ‘During’ in Understanding and Accessing Method). Data captured them ‘mirroring’ each stage of an 

experiment using their own equipment, regularly pausing the recording to check their procedures or results. 

Doing this meant they received feedback as and when needed without having to consult with the teachers, 

allowing them to progress independently with their work. In this respect the video played a valuable formative 

role, providing an ‘on tap’ source of visual information against which to check methods and outcomes.  

 Interestingly, while each experiment contained a short and reasonably easy to read explanation of the 

main science concepts, only three of the nine groups read this. Despite having access to textual scaffolds, 

students exhibited a clear preference for using the video during all stages of their experiments.  Informal 

questioning suggested students bypassed the text information as they perceived it to be unappealing, or what it 

contained, difficult to understand. When asked about this, some expressed a desire to have this information 

presented differently, with two commenting: 

…it would’ve been better to have been able to see it… or even listen to it… I mean, they 

could’ve put a button somewhere that you could press and listen to it… (student B1)…  

Yeah… maybe they could’ve had an option on the video… you could press the button and 

they could explain what’s going on while you’re watching it… (student A). 

 When designing scaffolds for their apps, therefore, developers should take time to become thoroughly 

conversant with the contexts in which they are to be used, and the sort of skill, capability and dispositional 

characteristics students using them exhibit, and that their teachers are wanting them to develop. In the case of 
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science apps, scaffolds need to foster questioning, critical inquiry, analytical thinking and related skills valued 

by the science community and reflected in science curricula (eg., Ministry of Education, 2007). Scaffold designs 

requiring students to interpret and analyse different forms and sources of information to build their 

understanding of procedures and results, rather than simply following a series of oral or written instructions, are 

more likely to achieve such outcomes.  This study suggests developers might benefit from extending and 

refining their use of video and image-based scaffolds in their apps. 

Students’ use of conceptual scaffolds 

 Of significant note in the results was how little time the students spent accessing the conceptual 

scaffold. Only three groups were recorded interacting with the conceptual scaffold at any stage, and on two of 

these occasions, for less than a minute. Some reasons for this have been discussed earlier, but the result 

highlights the importance of teachers not making assumptions about how and which components of apps their 

students are accessing, and any benefits (or not) from these, for their learning. Display data emerged early in 

this research indicating students were not engaging substantially with the conceptual scaffold, and as this 

knowledge was necessary for the unit’s inquiry phase, the teachers needed to adopt a more directed approach to 

its development (see later discussion). Without knowledge of technical limitations to app design, it is difficult to 

know how they could be improved to provide more effective conceptual scaffolding. Consideration might be 

given to exploring alternative means of communicating conceptual information, perhaps along the lines of the 

earlier suggestions made by the students. While engagement in practical work is an essential component of 

learning science, teachers should be mindful that visibly high levels of engagement with apps containing 

conceptual scaffolds during practical work, may not necessarily be delivering expected knowledge outcomes. At 

the very least they should carefully monitor their students’ learning and progress when using apps, and be 

prepared to adopt alternative pedagogical strategies where needed. 

Students’ use of device features as learning scaffolds 

 Data indicates using device features as scaffolds to record and share methods and outcomes can be 

beneficial, especially when used in conjunction with other technologies such as Apple TV as part of more 

structured teaching interactions. Table 5 provides three examples of how students used these features in the 

workshops. In row 1, student A was videoing his group’s procedures in the ‘aluminium popcorn’ experiment, 

while in row 2, students C, D and M were sharing results of their ‘cold lava lamp’ experiment with the class, 

using Apple TV. Other students used the cameras on their iPad to take still shots that were shared with staff at 

meetings, with other students via Edmodo, and through their teachers, with parents on the class Facebook page 
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(eg., Table 5, row 3). Using the device’s recording functions served two purposes. First, recordings provided a 

visible record of students’ work that could be shared during whole class plenaries. While students led the 

plenary discussions (see Table 5, row 2), teacher questioning and more direct input based on the content of the 

recordings helped guide conceptual knowledge building, and clear up any misconceptions the students had. The 

convenience of doing this wirelessly from each device meant most groups could share their work during the 

plenaries. Doing this also allowed students to learn about the methods and outcomes of experiments they 

themselves did not complete.  

 Second, sharing recordings with other teachers, students and parents via online networks, expanded the 

audience for the students’ work, and generated positive interest in the wider community. This was achieved by 

using Edmodo (a social/learning network for schools), and via teacher postings on the class Facebook page. It 

was rewarding for teachers to receive feedback from parents, such as: “Ben came home absolutely buzzing 

about science today. He couldn’t wait to tell me all about the different experiments #activelearner #effective 

thinker #cooperation #effective communicator” (Parent K, Facebook, March 2016). Interestingly, the hash-

tagged sections in this quote relate to the topic’s key competency goals mentioned earlier and discussed in more 

detail below, indicating this parent’s awareness of the teachers’ efforts to build these through this science work. 

Videos and still images were also shared and discussed with other staff for professional development purposes. 

During these sessions, the teachers outlined how they developed the topic and integrated the apps with practical 

work, and what the key student outcomes were. This was important for building efficacy in other staff, as like in 

many primary schools, most lacked confidence in teaching science. 

Teacher planning, pedagogy and use of the apps 
 

Building key competencies  

 The student-centred philosophy underpinning curriculum design in these classes, aligned well with the 

teachers’ intentions of using apps in their science unit to help build students’ self-regulated learning 

competencies. Curriculum design followed a competency-based model linked to the schools’ learner values of 

developing students who are technologically capable, make a difference, are effective thinkers and 

communicators, and who are active learners. These values were developed from the key competencies of the 

New Zealand Curriculum (2007), and were reflected in all classrooms through a series of learner virtues ‘COGs’ 

(Figure 9) that underpin curriculum design and pedagogical approaches across the school.  

<INSERT FIGURE 9: ‘THE SCHOOL’S LEARNING VIRTUES COGS’ ABOUT HERE> 
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 During planning, teachers took great care to identify apps they considered were compatible with their 

science learning goals, but at the same time aligned with the competency-based curriculum model. It was 

important that the apps provided sufficient information in a suitable format to guide the students’ activities on a 

reasonably independent basis, but not too much or in a way that was overly formulaic or ‘step-by-step’ 

procedural, thereby removing much of the requirement for students to think for themselves. The apps needed to 

act as foils for the students’ interactions, requiring them to independently analyse problems and exercise higher 

order thinking skills as they interpreted the information provided by the scaffolds.  

Aligned with this was the way teachers had designed the learning tasks as independently organised, 

self-directed workshops. The workshop format encouraged students’ organisation, decision making and 

evaluation skills. An example of this is in Table 3, row 1, where group members were discussing the viability of 

an experiment in relation to available materials. As groups were responsible for bringing most materials from 

home, this approach encouraged individual and collective responsibility, and required prior organisation. It also 

appeared to have efficiency benefits as groups spent minimal time sorting out which options were viable (27%: 

‘Selecting’ in Planning and Preparation). 

Teacher role and scaffolding 

 Both teachers were acutely aware that while the apps might go some way to supporting the achievement 

of curriculum goals, by themselves they were insufficient to ensure this was the case. Consistent with findings of 

other studies (eg., Wu, 2010), the teachers understood the importance of facilitating and at times directly 

structuring students’ learning at multiple points during the workshops. These interactions occurred before 

commencement, during the workshops, and most importantly, in plenary sessions at their conclusion. 

Introductions generally focused on logistics associated with each workshop session – such as group organisation, 

materials and resources, goal setting, assessment (generating success criteria), and so on. However, most 

significant in learning terms were the teachers’ formative interactions with the groups, and the plenaries where 

outcomes were shared and discussed.  

 During the workshops, it was apparent that both teachers were very busy working the groups, observing 

the students, strategically questioning, and, where needed, providing direct instruction. This continued during the 

plenaries when students shared and discussed their recordings of the experiments (see Table 5, row 2). The 

plenaries were a vital part of this phase of the unit, serving as an opportunity for teachers to assess the nature and 

extent of knowledge construction, and ensure developed conceptual understandings were sound. Earlier 

documented issues with students’ limited interaction with the apps’ conceptual scaffolds, highlights the 
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importance of this phase. Furthermore, as neither teacher held specialist science qualifications, they needed to 

research the concepts underpinning each experiment, beforehand. They saw it as their professional responsibility 

that from the practical work their students built useful and accurate science knowledge, in addition to the process 

skills and dispositional elements associated with undertaking the experiments. As Teacher L succinctly put it, 

“what’s the point of doing this… I mean, if the kids come out of this with screwy science, then we’re not doing 

anyone any favours” (Teacher L, personal communication, March 31, 2016). Having some conceptual 

knowledge to draw on was particularly important for the teachers’ formative interactions during the workshops, 

as they were more confident to ask appropriate questions, or if needed, explain outcomes as they occurred.  

 These results point to the need for teachers to critically review the apps they use with their students, 

paying close attention to the accessibility, design and content of conceptual scaffolds embedded within them, and 

appraising their suitability in terms of the learning characteristics and capabilities of their students. Furthermore, 

care must be taken to avoid making assumptions about how effective conceptual scaffolds are for knowledge 

building. Teachers must be diligent in their checking of the accuracy of students’ knowledge, and be prepared to 

engage other methods where misconceptions or deficits are discovered. In some cases, this may necessitate 

personal upskilling in related science concepts. 

Summary and conclusion 
 

 The literature review introduced several studies detailing technology’s practical application in science 

learning. At primary school level, most of these outlined motivational or engagement outcomes, or described 

how digital tools assisted with basic science research, data collection, or sharing and communicating results.  

However, the early work of Hannafin, Land and Oliver (1999) and more recently Kim and Hannafin (2011a, 

2011b) and Zydney and Warner (2016) in the context of mobile apps, provided deeper insights into the type and 

design of digital scaffolds for science learning, while at the same time highlighting the lack of empirical 

research evaluating their effectiveness. 

 Acknowledging the constraints of this study in terms of its focus on one series of apps (Okiwibook 

science) used in a single context, data indicates they were very effective for helping students organise, plan and 

execute their experiments with minimal teacher support or direct intervention. Their minimalist, uncluttered 

design meant students had little trouble navigating the textual information needed to set up their experiments, 

and the video provided a controllable means of visually checking procedures and evaluating outcomes. While 

probably not originally intended as a metacognitive scaffold, recorded discourse suggested the video acted in 
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this way by providing an accessible and engaging means for the students to compare, analyse and evaluate their 

results, and by prompting speculation and consideration of the effect of different variables on outcomes.  

 However, some limitations may presently exist in the capacity of apps of this design to independently 

scaffold science conceptual development in younger students. It was apparent in data that interactions with 

scaffolds designed specifically to support conceptual development, did not result in the type or quality of 

learning expected. Fortunately, in this study the display recorder data signalled the issue very early in the unit, 

and the teachers had time to implement supplementary strategies to compensate for poor student engagement 

with these components of the apps. In other use-scenarios this is unlikely to be the case, meaning teachers must 

monitor their students conceptual learning with apps very closely, and be prepared to augment their use with 

additional teaching interventions. While this result was disappointing, it does underscore the need for app 

developers to improve their designs by researching more about the learning preferences, characteristics and 

capabilities of their target audience, and by investigating how they can enhance the appeal, accessibility and 

quality of feedback mechanisms they build in to conceptual components of their products.  

 Finally, if teachers want to extract the maximum learning benefit from using apps of this type and 

design, they should pay careful attention to how they are integrated into larger topics or units, rather than expect 

them to stand alone or function in isolation as science learning experiences. Their reasonably effective 

performance in this study was largely attributable to how they were planned to work in parallel with the 

practical workshops, and the awareness and preparedness of the teachers to supplement their use with other 

teaching strategies. The apps’ design also complemented broader learner competency goals, by contributing to 

higher order thinking and student collaborative skill development. This aligned well with the student-centred 

philosophy underpinning all work in these classrooms, where the promotion of learner agency, responsibility 

and independence was integral to curriculum design and teaching pedagogy. In considering how best to use 

these resources in their classrooms, teachers should pay close attention to how well they align with the 

curriculum, pedagogical and assessment designs within which they are to be used. This includes evaluating and 

constantly monitoring the capacity of students to productively engage with the app scaffolds, so that accurate 

and worthwhile learning results. While limited in its scope, the findings of this study sound a cautionary note on 

the extent to which apps can independently scaffold conceptual learning in science. They highlight the crucial 

role of knowledgeable and professional teachers in planning, structuring and supporting their use, to ensure 

expected learning outcomes are delivered. 
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Table 1. 

 

Primary and sub-codes used for analysis 
 

Primary code Sub codes Description 

Investigation planning and 

preparation  

Selecting an appropriate 

experiment from a range of 

options 

Opening apps and skim reading options. 

Discussing if experiments meet criteria and 

are viable, usually in relation to resource and 

capability constraints. 

 

 Reviewing the experimental 

method 

Reading and discussing how to complete the 

experiment. Checking understanding of 

instructions. Determining viability in relation 

to team capabilities. 

 

 Selecting and sourcing 

materials and equipment 

App used as a ‘checklist’ when locating and 

gathering materials and resources. 

 

Understanding and accessing 

the experimental method 

Checking method before 

experiment 

Reviewing the method before commencing 

experiment. Most used the video for this. 

 

 Checking method after 

experiment 

(summative/evaluative) 

Reviewing the method after the experiment. 

Students generally did this when results were 

not as expected (as demonstrated by app 

video). 

 

 Checking and monitoring 

method during experiment 

(formative) 

During experiment comparison of ‘hands on’ 

work with that shown on app’s video. Some 

students followed experiment procedure 

‘step-by-step’, pausing video and mirroring 

each stage individually with their equipment. 

 

  Investigating variables Apps referenced after experiment. Students 

discussed possible effect of aspects of the 

method on outcomes (if they were not as 

anticipated), or what they might change ‘to 

see what happens’. 

 

Recording and/or 

communicating results 

Recording methods and/or 

results during experiments 

Using the iPad’s camera to capture video 

and/or stills of method and/or results. Using 

other apps (eg., Pages, Notability) to record 

descriptive notes. 

 

 Sharing methods or results 

with individuals or groups 

during experiments 

(formative) 

Replaying recorded information to other 

individuals or groups during experiments. 

Sharing method to help others or to 

demonstrate a result. 

 

 Communicating methods 

and results to the class 

(summative) 

Using Apple TV to share and discuss results 

with teachers and other students during 

plenaries. Some information was uploaded 

later to Edmodo for wider dissemination. 
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Table 2. 

 

Inter-rater agreement aligned with coding themes 

 
Code category κ Observed 

agreement (%) 

Confidence 

interval 

(95%) 

Std. 

error 

Agreement 

strength (from 

Landis & Koch, 

1977) 

 

Planning and preparation 

 

.671 83.5 0.514-0.828 0.080 Good 

Experimental method 

 

.622 81.56 0.522-0.721 0.051 Good 

Recording/communicating .719 86.86 0.598-0.840 0.062 Good 
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Table 3. 

 

Planning and preparation 

 

 

 

 

 

Code Sub category  Contextual information Thumbnail image Recorded dialogue 

 

Planning and 

preparation 

(before 

experiment) 

Selecting an 

appropriate 

experiment 

from range of 

options  

Students A, C, K and P had 

opened the ‘Small Science 

Experiments’ app. They 

were reviewing the 

different experiments and 

discussing possible options. 

Dialogue indicates 

consideration of materials 

and compatibility with 

overall topic theme (two 

students are visible in the 

inset Facecam). 

 

“You’ve got to remember the stuff we’ve got K… we 

can do it if we haven’t got the stuff… (materials)… (A). 

OK… let’s have a look at this one… ‘Use pepper to 

observe surface tension’… I wonder what surface 

tension is? (K, selecting option 2)… (pause)… 

Do we have dishwashing liquid… it says we need 

dishwashing liquid… (C)… I’ll take a look (A)… 

(pause)… 

We can get some from J (another student) (A).  

Shall we try it then?… looks simple enough… (pause)… 

it says we should see a reaction… that fits OK” (P) 

(referring to chemistry topic theme). 

 Selecting 

materials to be 

used 

Students BJ, R & A had 

accessed the video to 

determine materials they 

needed for their ‘candle 

engine’ experiment. 

Although the app contained 

a materials text list, BJ 

suggested they use the 

video (due to his literacy 

issues the other students 

knew about).   

 

 “Can we go to the video… it’ll be faster… (BJ)…  

But we can read it to you… (R)… (pause)… video’s 

good… (A) (pause, video loads…) 

Right… let’s see… we need a candle… (A) (pause)…  

…Looks like a carrot with a string! (BJ, laughing)… 

And he’s almost cutting his fingers off! (A, laughing)… 

(pause)… 

Yeah… and a knife… and something to cut on… 

(pause)… d’we have a board? (R)…  

We can borrow Ds… he’s got one” (BJ)…  

 Reviewing the 

experimental 

method 

(planning) 

Students C, M & RC had 

selected the ‘Cold Lava 

Lamp’ experiment from the 

range of options. They had 

checked on the availability 

of materials, and were 

reviewing the method (two 

students are visible in the 

inset Facecam) 

 

“Ok… let’s see what we need to do… (pause)… (reads 

to others)… ‘fill the glass or bottle with 5 to 10 

centimetres of water’ (M)… 

What d’ya think we should use? We’ve got a bottle AND 

a glass (RC)… 

Well… it’s a jar, actually (C)… (pause)… 

Anyway… I reckon we should use the bottle, ‘cos its 

bigger (RC)… 

…And it says we need to be careful when we pour in the 

oil… so that it doesn’t mix (C)… What do you mean ‘so 

it doesn’t mix’ they’re both liquids aren’t they? Why’s 

that?” (RC)… 
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Table 4. 

 

Understanding and accessing the experimental method 

 
Code Sub category  Contextual information Thumbnail image Recorded dialogue 

 

Understanding 

and accessing 

the 

experimental 

method 

Checking 

method before 

beginning 

experiment 

Students C, M and RC used 

the video to check the 

method one last time before 

they started their 

experiment. While they had 

previously reviewed the 

method as text, the video 

appeared to provide 

additional clarity (two 

students are visible in the 

inset Facecam). 

 

“See… you don’t wanna put too much water in… he’s 

just put in a bit… (RC)… (pause)… 

It said about 5 or 10 centimetres… (C)…  

Yeah… but his glass is tall and skinny… we’re using a 

bottle… (M)… 

What difference does that make? (C)… (pause)… 

Well… ‘cos our one’s fatter, maybe we need to use a bit 

more…. (M)… (pause… video shows pouring of oil)… 

See how he pours it down the side of the glass… really 

slow-like… not in the middle…” (RC) 

How cool… it floats…! (C)… 

 Checking and 

monitoring 

method during 

experiment 

(formative) 

Students B1, B & A had 

chosen the ‘Submarine Pen’ 

experiment from the 

Physics app. They had 

started their experiment but 

were running the video 

synchronously as they did 

so, pausing it regularly to 

check on method accuracy. 

Screenshot shows them 

comparing the length of 

their protruding screw with 

that shown on the video. 

 

“I think we need to screw it in a bit more… see… if you 

look at his one… there’s not so much poking out the 

top… (pause)… ours has got lots… (B1)… 

But his one’s a lot smaller than ours… d’ya think we 

need to get a smaller screw? (B)… 

I don’t think it’s about how much screw pokes out… 

probably… (pause)… it’s maybe got to do with its 

weight… maybe… (pause)… I don’t know (A, 

laughing)… 

We can test it and see (B1)…  

Yeah… if it doesn’t work… we can change things 

later…” (A). 
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 Checking 

method after 

experiment 

(summative) 

Students B1, B & A had 

unsuccessfully completed 

the first attempt at the 

‘Submarine Pen’ 

experiment (it would sink 

but not rise again). They 

had re-entered the app and 

were reviewing the method 

video, recapping their steps 

against those shown.  

 

“Ok… so he pulled the pen apart… (A)… 

… But it’s not like ours though… ours has got a thing on 

the end (referring to a pocket clip)… (B)… 

I don’t think it’ll make a lot of difference… (A)… 

 Yes… it’ll make it heavier so it’ll sink and stay down 

there… (B1)… 

Alright… we can think about that later… (pause)… 

maybe we need to use a smaller screw… you know, so it 

lightens it up a bit… (pause)… anyway, what’d he do 

next? (A)… (restarts video)… 

 Investigating 

variables 

Students K, E, GA & G had 

completed the ‘Coloured 

cold lava lamp’ experiment 

using a plastic bottle, with 

only partial success (they 

had shaken the bottle). 

They had accessed and 

reviewed the video 

demonstrating the original 

method. They were 

discussing how they could 

vary the method to see what 

effect it had on the result. 
 

“Let’s look at how he’s done it (referring to video)… 

(pause)… he’s only got a little bit of water… it’s not 

even half full (GA)… 

And I think we should try it with different amounts of 

stuff (K)…. 

What d’ya mean… stuff? (GA)…. 

Oil and water… and I reckon we should try it with less 

colour in it too (K)… 

Yeah, and don’t shake it this time… let the pill (Alka-

Seltzer) dissolve by itself… (pause)… last time you 

shook it and in all got mixed up too fast… that’s why it 

didn’t work right (G)… 

Ok… fellow mad scientists… let’s give it a go shall 

we… (GA, laughing).” 

 
 



Table 5. 

 

Sharing, recording and communicating 

 
Code Sub category  Contextual information Thumbnail image Recorded dialogue 

 

Sharing, 

recording and 

communicating 

 

Recording 

methods and/or 

results during 

experiments 

Students R, B & A were 

completing the ‘Popcorn 

made from balls of 

aluminium foil’ experiment 

from the Small science 

experiments app. They had 

decided to record their 

activity using the iPad’s 

video recorder. Student A 

had volunteered to be the 

recorder.  

 

“B’s hair’s like wool! It should work well with her…” 

(R)… 

You need to keep still… B… it’s hard to record when 

you’re all wobbly (A)… 

I’m doing my best! (B, laughing)… 

I wonder if B’s hair will work the same as the wool? 

(R)… 

We can try it… (pause)… it feels funny… like 

someone’s rubbing a hot hand on ya (sic) head (B)… 

Maybe you’ll catch on fire … and I’ll get it all on 

video…! (A, laughing)… 

Very funny! (B)…” 

 Communicating 

methods and 

results to class 

(summative)   

At the end of each 

workshop session, selected 

students shared their 

methods and results with 

the class and teachers from 

their iPads using Apple TV. 

They were questioned why 

they thought particular 

results were evident. In this 

photo, students C, D & M 

were explaining their 

method. 

 

“… and we made sure we kept the jar as still as we could 

(M)… 

…yeah (D)… 

Why was that? What was important about doing that? 

(Teacher L)… 

‘Cos when we did it the first time… it kind of got all 

mixed up… it was a mess (D)… 

…and it took ages for the oil to float properly… and the 

coloured stuff was all mixed up too (C)… 

I see… (pause)… it looks like it worked OK this time… 

do you think it also could’ve had something to do with 

how you poured in the oil? (Teacher M)….” 
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 Sharing 

methods or 

results with 

individuals or 

groups during 

experiments 

(formative) 

The iPad’s portability 

allowed students to easily 

move around the class 

space sharing recordings of 

their work with others. 

Frequently this assisted 

them to deal with issues or 

problems they were 

encountering when 

undertaking the same 

experiment 

In this example, students 

BJ, R & A were replaying a 

segment of their video of 

the ‘Bend water with static 

electricity’ experiment to 

another group (students S, 

T & G) 

 

“See… you’ve only got to have the water running a little 

bit… (pause)… it’s not gonna (sic) bend it if it’s… 

like… a hose or something (BJ, showing recording to 

others)… 

Yeah… and it’s got to be pretty close too… see… but 

not touching it (the water) (R)… 

OK… (pause)… what d’ya rub it on? (T)… 

We used the big bunch of wool… it worked best… eh 

guys (BJ)… 

Or the carpet… rub it on the carpet as well (A)… 

We’ll try both… thanks (G)…” 
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