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Abstract: In this paper we analyze design of a technology-based learning environment 

facilitated using digital technologies to understand its trade-offs as children work on 

collaborative design projects. Using interaction analysis, we analyze one group’s interactions 

around digital technology from three afterschool lessons. Our findings track the change in 

collaborative interactions as the technology was owned individually and collectively by the 

group, followed by a discussion on how this approach of analysis can build transformative 

learning environments. 

Policymakers around the world have invested billions of dollars in introducing innovative technologies in K-12 

classrooms anticipating improvements in learning outcomes. 2019 set a record number of investments into 

education technology companies around the world, which was greater than the combined investment between 

1998 – 2017 (Adkins, 2020). What follows this investment is a need to leverage technology for creating 

transformative learning environments, instead of merely replicating existing teaching approaches (Kirkwood & 

Price, 2014). Researchers have explored how different technologies help or hinder aspects of learning for 

individuals or groups, however, few researchers have examined the impact of technology to understand its trade-

offs from an ecological perspective, where multiple learning outcomes can be examined at different social 

levels (Toprani et al., 2021; Borge & Mercier, 2018). Towards that goal we analyze design of a technology-based 

learning environment facilitated using digital technologies to understand its trade-offs as children work on 

collaborative design projects. We focus on answering: How does the use of digital technology impact children’s 

collaborative interactions within design learning environment? We define collaborative interactions at the small-

group level where learners are constructing knowledge by engaging in collective sense-making (Stahl, 2006). 

The study was conducted at an afterschool club in a Northern US charter school that develops 

technologically enhanced informal learning environments for promoting design thinking among children between 

ages 8 – 10 years. We analyzed one group’s interactions over lesson 5 (L5) and lesson 6 (L6) as they worked 

together to redesign a local mall pertaining to the larger problem of malls in America going out of business. 

Members of the group; Baylee, Lance, and Joey; in L5 began by understanding the problem and gathering 

information about it, followed by organizing the gathered information in L6. Students worked with digital and 

physical technologies i.e. big size post-it notes, and laptops with google slides and information website about the 

design challenge.  

Using Interaction Analysis (Jordan & Henderson, 1995) and quantification of qualitative data, we 

examined the pattern of collaborative interactions in comparison to the position of technology. We first created 

detailed content logs of the two lessons to identify instances (two-minute segment of video data) of collaborative 

interaction. Each instance was coded and plotted on a graph to understand how the position of the technology 

impacts collaborative interactions. We analyzed technology’s position to determine if it is individually owned 

where a student is working on a laptop, without sharing access to manipulate the laptop or view of the screen with 

others; or collectively owned where two or more students are working on one laptop, with each student having 

access to manipulate the laptop and view the screen. These are represented on the x-axis of the graph, shown in 

Fig. 1 (a) as red dots and orange dots respectively. We categorized interactions as 1) off-task i.e. students 

Figure 1. a) Ecological interaction graph representing the nature of talk and technology position in L6 

b) Microecological graph of group 1’s Google Map exploration in lesson 6
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 interacting with each other about topics unrelated to the design project 2) uncollaborative content-related i.e. 

students exchanging design project related ideas but not collaborating with each other, and 3) collaborative i.e. 

two or more students working together to generate, negotiate, and build on each other’s ideas. These are 

represented on the y-axis of the graph as 0, 1, 2 respectively. 

In L5 and L6 group 1 was working with different digital technologies. We found that digital technologies 

supported collaborative interactions when they were used as shared tools by each student in the group. When 

owned individually, they hindered collaboration but fostered other relevant 21st century skills. In Fig. 1 (a) from 

timepoint 34-44 students didn’t engage in collaborative interactions as they owned technology individually to 

explore the mall on Google maps (34-38). At timepoint 40 the facilitator comes to the group and helps them reflect 

on how they were interacting with the technology. This led them to rearrange the technology in the shared space 

(42–48). Following this rearrangement students started negotiating ideas and searched ideas using one laptop. 

As students begin to own technology individually, collaborative interactions decreased. The case study 

presented below, using microecological graph (Borge & Mercier, 2018), describes the interactions that took place 

from timepoints 32-38 in L6 when technology was owned individually, as shown in Fig. 1 (b). Although students 

didn’t engage in collaborative interactions when technology was individually owned, there were other relevant 

skills that were developed through these interactions. 

When students owned technology individually, they engaged in exploratory talk, conducting self-driven 

explorations of novel online applications. These interactions often emerged out of a design related need but 

gradually evolved to focus more on exploring the tool. These interactions didn’t directly enhance the designs that 

the students were working on but helped them to develop other skills like technology fluency and learning by 

observation. In this case study students are exploring different features in Google maps, at first to understand the 

structure of the mall, and later to learn more about the application. The microecological graph captures the 

timepoints on the x-axis and the level of interaction on y-axis as individual (I), group (G), and community (C). 

The explorations triggered interactions at multiple ecological levels where students were exploring Google maps 

on their own, to troubleshoot technical difficulties with team members, and learn by observation as a community. 

At timepoint 32 the laptops were in the shared space. Joey and Lance were imitating each other on their own 

screens and Baylee used Joey’s laptop to help him move around in Google maps. From timepoint 34, Joey learned 

how to navigate in Google maps and began exploring individually by walking to stores outside the mall and to 

nearby mountains. Lance on his screen tries to open the online virtual tour of another store (34). Seeing Joey and 

Lance explore individually, Baylee asks the facilitator for another laptop (36). After exploring around the mall 

area, at timepoint 38 students learn how to switch between satellite and street views in Google maps and find their 

houses. Between timepoint 32–36, level C, Aniyah and Emily from group 4 come to observe what group 1 was 

doing. Group 1 didn’t interact with group 4 intentionally, but Emily and Aniyah watched group 1 navigate in 

Google maps and eventually explored places on their own in their small group (38, level C). 

As we are trying to expand the access to technology by giving every student a laptop in school, it is 

equally important to design competent learning environments to foster relevant skills like collaboration and digital 

fluency so that children can build innovative designs to solve complex problems with technology. Taking the 

approach to analyze technology’s affordances from an ecological perspective will bring about the shift in viewing 

technology as a tool for simplifying existing learning processes to transforming what children learn pedagogically. 
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