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Abstract: We report findings from surveying and interviewing 10 middle-school science 
teachers after 14, 1-hour online trainings. Sessions prepared teachers for embedding a BBC 
micro:bit based automated table-top greenhouse curriculum, as developed by the research team 
for middle-school science classrooms. Teachers expressed strong interest and confidence in this 
curriculum as a tool to engage all students in exploring computation in science, suggesting a 
promising way of using cross-disciplinary hands-on projects in science teaching and learning. 

Introduction 
Physical computing, or programming digital devices that interact with the physical world, opens possibilities to 
make science learning more engaging for students (Przybylla & Romeike, 2018). The BBC micro:bit is gaining 
traction as a tool that introduces students to block-based coding and solving problems relevant to their lives, 
receiving positive feedback from students and teachers alike. In response to this trend, we are writing to share 
insights drawn from a series of 14, 1-hour online micro:bit training sessions the research team recently developed 
about programming automated table top smart-greenhouses.  

 Adopting the strategy of “decomposition of complex skills and tasks into minimal constituent 
components” (Reiser & Tabak, 2014, p. 47), we modularized learning activities such that teachers could focus on 
one sensor/actuator each time (see summary in Table 1).  Two overarching research questions guided our work: 
1) What are teachers’ perspectives about using a micro:bit-based smart-greenhouse project to teach about
computing?; 2) What scaffolding will benefit teachers as they prepare to engage with students in the project?

Table 1: Summary of Professional Development Sessions 

Week Topic(s) 

1 
Introduction to BBC Micro:bit & Grove shield hardware; introduction to MakeCode software; 

how to transfer files; use of micro:bit LEDs, Grove OLED screen, and Grove LED strip 

2 Introduction to (programming) functions; using a Grove temperature-and-humidity sensor 

3 
Introduction to if-then(-else) loops; using a relay (switch) to activate or deactivate circulation 

or exhaust fans 

4 
Using the micro:bit’s built-in light sensor to turn on or off an LED lamp; performing 

arithmetic in MakeCode 

5 Calibrating and controlling a servo motor to open or close the greenhouse’s windows 

6 
Communication between two or more micro:bits; using a Grove gesture sensor and/or passive 

infrared sensor to control various outputs 

7 
Demonstration of integration with Google Sheets; introduction to micro:bit Classroom 

(learning management software); planning future sessions; time for focus-group and survey 

Material and design 
The project focused on using micro:bit and related extension devices to create a tabletop smart-greenhouse. Using 
Microsoft® MakeCode, micro:bit’s complementary block-based coding system, teachers learned to program a 
variety of sensors and actuators to make the greenhouse automatically measure environmental variables, then take 
actions to maintain these variables in ways that are ideal for plants’ growth. While a full set of these devices can 
cost $150 per greenhouse, we’ve also developed a simulator based, completely free virtual version (Figure 1). 

Methods 
To answer our motivating questions about teachers’ perspectives and future scaffolding, we made use of four 
forms of qualitative data analysis. First, we member-checked field memos for informative moments in the training 
sessions. Second, we conducted document analysis on Zoom® chat histories in search of conversations that 
revealed teachers’ insights. Third, we transcribed audio recordings of two post-training focus group interviews to 
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 generate axial codes per grounded theory (Strauss & Corbin, 1990) via multiple iterations of forming, grouping, 
and organizing categories of open codes. The same interview protocol was used in both focus groups. Finally, we 
axially coded teachers’ responses to open-ended questions in a post-training survey. 
      

 

 
Figure 1. A micro:bit smart-greenhouse and annotated codes. The forever loop runs functions inside forever.  

Results 
With respect to our first research question, most teachers reported confidence in introducing their students to the 

micro:bit smart-greenhouse. Teachers who had worked with the research team before to integrate the Python 

smart-greenhouse were especially optimistic because of their observation of students’ reactions. For example, one 

teacher recalled in a focus group interview that there were a few 8th grade students who had “been in a sleep” and 

were “not involved in anything all year” before turning into “entirely different human beings” when they began 

working on the smart-greenhouse.  

With respect to our second research question, one aspect of the training sessions that worked well in 

supporting teachers to prepare for launching the micro:bit smart-greenhouse project was having enough time 

between sessions to reflect on what they learned and try it out. Meanwhile, teachers really liked the scaffolding 

for a complicated project into small components that turned “technology to be more productive for learning by 

doing” (Reiser & Tabak, 2014, p. 56), or in one teacher’s words, “[the training] went forward in a really logical 

manner” that “built on itself well”. 

Discussion 
This study supports the promise of integrating Micro:bit into middle school science classrooms to better 

engage students, in addition to raising a novel model of online professional development that scaffolds for teachers 

an original curriculum centered on building and programming automated smart-greenhouses. One limitation that 

currently restricts a full-fidelity, large-scale implementation of this project is funding. Our work is supported by 

a National Science Foundation grant, which enabled us to purchase necessary materials, spend time organizing 

materials into kits, and mail kits to participating teachers. For teachers with limited funding, we do realize that 

the cost of a fully functioning micro:bit greenhouse equipped with all the devices included in our current design 

can be unaffordable. One possible adaptation that can be made for the sake of cost reduction is to make use of the 

free simulator function at makecode.microbit.org to simulate what the micro:bit can do when it is programmed to 

respond to changes in light level and temperature.  
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