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Abstract: Our study conducted in a Grade 11 Biology classroom focused on supporting 

students’ development of the 21st Century Competencies, NOS understandings, and students’ 

STEM identity. A scientific learning community approach, supported by technology, was 

implemented to improve inquiry-based learning and students’ collaboration and thinking 

processes. Students co-constructed a common knowledge base to make connections across 

topics. Our findings showed a potential of a learning community approach in helping students 

develop the competencies of critical thinking about resources, collaboration, and scientific 

argumentation, and explore their STEM identities.  
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Introduction 
Our research study was conducted with a Grade 11 Biology classroom in a diverse urban school located in Ontario, 

Canada. Students were engaged as a scientific learning community by exploring case studies and datasets, 

evaluating the credibility of online and published resources, developing scientific argumentation and participating 

in debates, reflecting in personal journals and working together to explore the Nature of Science (NOS) and 

STEM-related careers. Guided by a theoretical model of Knowledge Community and Inquiry (KCI - e.g., Fong & 

Slotta, 2018), we co-designed a curriculum in which students made connections across course units and connected 

to real-life issues. A substantial research literature has addressed the benefits of a learning community approach 

(Bielacyzc & Collins, 2006; Slotta & Najafi, 2013), such as developing and advancing a shared community 

knowledge base (Bereiter & Scardamalia, 2014; Fong & Slotta, 2018). By engaging in a scientific learning 

community, students develop collaborative skills and become independent problem solvers (Smithenry, 

Gallagher-Bolos, & Kosnik, 2007).  

Our primary research question: How can engagement in a scientific learning community support the development 

of high school students’ scientific competencies, collaboration, NOS understandings, and STEM identities? 

 

Theoretical framework 
We applied the KCI model to guide the design of a curriculum in which students work together as a community, 

developing scientific argumentation and critical thinking (e.g., through discussions and evaluation of source 

credibility), improving their understanding of the NOS and exploring STEM careers. In the KCI model, students 

create a common knowledge base which is further used in the activities; they can add new ideas to the base, can 

edit and improve it (Fong & Slotta, 2018). Students participate in the interactions and scientific argumentation 

reflecting some practices characteristic of the real scientific community; they make connections within and across 

instructional units and connect to real-life issues. Along with a deeper understanding of scientific practices and 

processes, students also build their understanding of the Nature of Science, and how scientific knowledge is 

generated and validated.  

 

Method 
The study was conducted in a diverse urban school located in a large city in Ontario, Canada. A series of lessons 

co-designed with the classroom teacher used a variety of technology environments and materials (e.g., Google 

Docs, Google Forms, Google Classroom and Padlet) to support the curriculum and assessments. We developed a 

KCI curriculum for 11th grade Biology that aimed to address the research question, adding a cross-cutting diet 

and nutrition theme. Three cohorts of students (60 students in total) participated in the study, examining interesting 

evidence cases, participating in inquiry activities and engaging around ideas, connections, data analysis and 

critical thinking about resources. Their culminating activity included a group analysis of a case study “Atkins vs 

Mediterranean Diet”, developed by the Tufts University and adapted by the teacher and researchers. The KCI 

research method included having students construct a community knowledge base, scaffolded inquiry activities, 

and accessible learning outcomes. Exploration of the NOS and student epistemology was effectuated through 
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 students’ scientific argumentation, exploration of their beliefs about the NOS, and critical interpretation of 

evidence, which includes data reasoning, student-contributed evidence, discussions and debates. Students worked 

as a class community to address distinction between observation and inference, between scientific laws, theories, 

hypotheses, principles and facts. A C.R.A.A.P. rubric was used to evaluate primary and secondary resources. The 

teacher and researchers observed students’ participation and collected evidence of their engagement – 

individually, in groups and as a class. A pre- and posttests of students’ epistemological ideas on the NOS, Learning 

Communities and Career Exploration were developed. The analysis of students’ responses included identification 

of the central ideas and scoring of the complexity of responses. Three levels of students’ responses were 

determined: ‘Partial’, ‘Full’, and ‘Complex’. 

 

Data sources 

The data collected during this study include student replies on pre- and post-questionnaires, tables, documents 

and journals created by students individually (on Google Forms and Google Docs), in groups and as a class (on 

Google Docs, Padlet, and Google Classroom), as well as classroom observation notes, audio and video recordings. 

Co-constructed tables and student contributions represent a community knowledge base built during school year 

and used by all students for their final case study activity. In scientific argumentation activities, information was 

collected as claims, evidence, and reasoning statements. Students’ replies to the pre-post questionnaire were 

recorded on Google Forms. In each unit students also worked individually and in groups to build a STEM Identity 

and Careers common knowledge base which represented students’ contributions to a career exploration folder on 

Google Docs.  

 

Findings 
First, our study supported students’ understanding of the role of a learning community in science learning and 

science research, and in communication of results. In students’ replies to a post-test questionnaire, students 

provided high-level responses on the role of a community: among scientists (e.g., contributing to a total knowledge 

pool, improving the credibility and accuracy of the previous ideas) and in a classroom (e.g., sharing information 

to peers and learning from them, learning through explanations). Second, our design supported students’ 

communication, collaboration, and critical thinking about primary and secondary resources – through discussing, 

evaluating and ranking resources. KCI activities enabled student engagement and connected to important learning 

goals in biology. Third, students’ understandings of the NOS were built progressively through all units. Students 

learned that scientific knowledge is subject to change as new evidence becomes available or old evidence becomes 

reinterpreted with the advances of technology and new discoveries in science. Finally, through exploring different 

careers and contributing to the class career folder, students built their understanding of STEM careers. The study 

demonstrates opportunities of collaborative learning and learning community approach, achieved through student 

work and discussions in groups and as a whole class, for helping students develop the competencies of critical 

thinking about resources, collaboration, and scientific argumentation, and explore their STEM identities.  
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