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The Social Dimensions of Learning: facilitating social dynamics for 

a more engaged student in a K12 Pre-Engineering Program (Work 

in Progress) 

 

Abstract  

 

This is a Work in Progress: This qualitative-context sensitive study followed two cohorts of 

students (ages 14 to 18) undertaking a pre-engineering summer program at a selective university 

in Santiago de Chile. Participants were hosted in the FabLab belonging to the program in 

engineering design and innovation. The targeted participants of this program entailed diverse 

socio-economic backgrounds. Some middle and high schoolers belonged to families with no 

university professionals and some did. The program provided scholarships to all of those who 

were not able to submit a payment. Under a socio-constructivist theory, this study looked to 

understand the multiple social elements that played a role in learning. Elements involved 

teamwork and its related skills, co-regulation and collaborative learning processes, role models, 

and the formation and negotiation of identity in the learning process. This qualitative case study 

involved an exploratory phase where an ethnographic approach was undertaken, as well as a 

more structured qualitative research approach with participant observation and interviews. To 

identify salient themes, data collected was analyzed using Grounded Theory. Preliminary results 

showed how students perceive this program through comparing and reproducing the vocabulary 

and emotions of their past school-experiences. Additionally, role models were perceived through 

binary lenses in which some student monitors assumed the role of “equals” and others were 

perceived as traditional and strict teachers. 

 

Introduction  

 

This study describes a pre-engineering summer program at a selective university in Santiago de 

Chile. Concern for K-12 STEM education has been growing over the years due to the need for 

STEM professionals in the world's post-industrial economies [1], [2]. Universities have initiated 

programs at different levels to increase interest in STEM fields among young people to study 

these fields before the university entrance process [3] and create pipelines for groups that are 

traditionally underrepresented in these fields [4]. Within these programs, there are some focused 

on K-12 education that seek the integration of STEM disciplines through the use of engineering 

processes [5] which have been called "pre-engineering" programs. 

  

The maker movement has gained traction in K-12 STEM education because of its ability to 

engage students in design and engineering practices [6], [7]. It has also been identified as a way 

to attract students to engage in STEM subjects and think creatively [8], [9]. Thus, makerspaces 

act as places of experimentation where learners construct artifacts that provide evidence for 

learning content, process, and identity [10]. Socio-constructivist learning theory asserts that 

learning is first constructed through a social medium before transferring onto an intra-

psychological level [11]. Therefore, understanding social dimensions in the process of “making” 

learning can be critical in the success of K-12 STEM education contexts. Through this lens of 



socio-constructivist learning theory, we aim to understand multiple social elements of this 

specific educational program in the scope of this study: teamwork and its related skills [12], co-

regulation and collaborative learning processes [13], the function of role models [14], and the 

formation and negotiation of identity in the learning process [15].   

  

Currently, the concept of K-12 pre-engineering education has gained popularity in the United 

States, but not as much within Latin America. Pre-college engineering learning programs in Latin 

America span a wide variety of forms and have not yet reached mainstream popularity in 

educational institutions [16]. In Chile, there are several existing engineering education programs 

for high school students, but the concept of “pre-engineering” has not often been used to describe 

these programs. Examples of these programs include installations of FabLabs in schools and 

community centers, university-based summer programs for secondary school learners, and 

community-based engineering education camps. 

  

This article presents the pre-engineering summer program, its participants, and their experiences. 

The purpose of this study is to explore how social dimensions of learning occur in the K12 

extracurricular pre-engineering education context. We describe our ongoing research 

methodology proposed and the preliminary results obtained.   

 

Our Case Study: Pre-Engineering Summer Program  

 

This research is an exploratory and qualitative case study [17] that examines the case of a two-

week summer pre-engineering program at the Pontificia Universidad Católica de Chile (UC) in 

Santiago, Chile called Escuela Tecnológica de Verano or Technological Summer School (TSS). 

This project has been carried out since January 2016 and has run eleven iterations to date. This 

study takes a deep look into the TSS of summer 2020, taking place during the first two weeks of 

January.  

  

TSS is an engineering education program organized by an organization called FabIDI at UC 

where students work in groups to develop different projects and activities framed through the lens 

of digital fabrication [18]. It aims to expose children between 11 and 16 years of age to existing 

manufacturing technologies and bring them closer to newer FabLab-related technologies through 

attractive playful activities [18]. To participate, the students register with their parents via an 

online form and are then contacted by the organizers. Students who cannot afford the registration 

fee receive scholarships from FabIDI to ensure inclusive participation.  

 

“Monitors” are volunteers who organize the TSS activities and are selected through an 

application process. Six monitors, all UC engineering students between 20 and 25 years old, took 

part in this iteration of the program. All the participants worked in groups of four or five and 

remained in those groups for the majority of program activities. The monitors designed the 

groups to include a variety of ages and at least two girls in each one. Table 1 presents topics and 

activities that were addressed through the program in detail.  The activities included theoretical 



classes, practical labs, and games. In the last activity, all the students worked in different groups 

so that they could interact more with the rest of their peers. 

 
Topic 2D design 3D design Electronics 1 Replication Electronics 2 Project Exhibition 

Days 1 and 2 3 4 and 5 6 7 and 8 9 10 

Content Basic concepts 

of dimensional 

design (color, 

typography, 

etc.) 

  

Use of vector 

design program 

  

 

Presentation of 

physical 

manufacturing 

machines in 

flat format 

(milling 

machine, vinyl 

plotter and 

laser cutter) 

Bases for 

three- 

dimensional 

representation 

  

 

Use of 3D 

modeling 

program 

  

 

3D replication 

techniques 

(scanner, 

photography 

and 3D 

printing) 

Theory of 

electricity 

(voltage, 

intensity, and 

current) 

  

Presentation 

of electronic 

components 

  

 

Arduino 

board 

programming 

  

Basis of 

mass 

replication 

  

 

 

Uses and 

techniques 

of rapid 

prototyping 

Presentation 

of electronic 

components 

  

 

Connection 

between 

sound and 

electricity 

Design 

methodology 

  

 

 

Recycling 

Requirement

s 

presentation  

for the 

exhibition 

Activity Logo and icon 

design 

Spinner 

design and 

scan of a 

sculpture 

Preparation 

of circuit 

with LED 

and lamp 

Mold 

making 

  

Manufacture 

of 3D 

replica in 

resin 

 

Rapid 

prototyping 

and design 

 

Manufacture 

and use of 

water 

sensors 

  

Speaker 

construction 

Challenge 

resolution; 

redesign of 

car garbage 

collector for 

recycling 

Organization 

and 

presentation 

of a theme in 

groups 

Table 1. Topics and activities by day.  

 

Data Collection 

  

The study included 32 students in total, all between the ages of 14 and 18. The qualitative 

interview portion of the data collection focused on 10 students in the program.  Among these 

students, five identified as female and five as male. Six received grants through foundations or 

projects, three paid normal tuition, and one paid a discounted tuition. Although most of the 

participants lived within Santiago, of the 10 interviewed, four students came from other regions 

in Chile. 

  

Multiple data collection methods, which included observations, field notes, and “semi-structured” 

interviews with participants [19] were used during the study. Afterward, researchers analyzed all 

transcripts and notes using grounded theory [20] (Strauss & Corbin, 1994), specifically open 

coding. This entails a coding process by which to make sense of the qualitative data—a method 

of selection, approach, simplification, abstraction, and transformation of the data that appear in 

the records [21] (Beebe, 2001).  



Preliminary Findings 

 

Preliminary analysis showed that students used the lens of previous schooling experiences to 

process and perceive their participation in this extracurricular pre-engineering program. Their 

vocabulary and affective associations of the program mirrored or contrasted with those of regular 

“school,” with the former in constant comparison against the latter. Participants described the 

program in terms of their formal curricular schooling (i.e. what the school or teacher is 

“supposed” to be like), contrasting both models and valuing TSS in terms of the other. 

  

Most students interviewed have been educated in Chilean public schools. This context reflects 

many formal education contexts where educators decide the goals and frames of learning, which 

are driven by traditional classroom activities [6]. This insight from the TSS raises larger 

questions surrounding the role of past schooling experiences in motivating participants to 

consider and even participate in extracurricular educational opportunities. 

  

The data also illuminated another comparison made by the students, namely, that they perceived 

monitors as role models that either fulfilled their expectation of what a superior “should” be (a 

hierarchical, strict teacher) or eschewed that model entirely by being an “equal” (a kid, just like 

them). This raises questions about the role of teachers and facilitators in the pre-engineering 

education context, and how it may impact science identity development in students.  

  

Future work involves continuing the codification process and contrasting literature to deepen our 

understanding of the study’s results. Ultimately, we hope to understand how to facilitate social 

dynamics for future pre-engineering programs for more engaged student learning across diverse 

populations, as well as to enable its adoption across engineering and education practitioners 

across the region. 
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