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Measuring the Impact of a Soft Robotics Curriculum Embedded 

in Physics Classes on Students' Engineering Knowledge, 

Identity, and Career Interest 

Abstract 

Participation in extracurricular educational robotics, tinkering, and building are common 

precursors to enrollment in engineering majors. Perceptions of pre-college robotics focused on 

competitions can prevent some students from participating. By broadening the applications of 

robotics to human-centered designs and bringing soft material robotics into classroom curricula, 

the field of soft robotics may be a platform to engage a diversity of students in K12 robotics and 

later, engineering majors. Until recently, most soft robotics work resided in university research 

labs or as K12 activities presented through practitioner-delivered outreach events. Until soft 

robot activities are put in the hands of teachers, their reach remains limited. In this project, we 

leveraged teacher input to develop and deliver an introduction to soft robotics curriculum 

suitable for high school physics classrooms. This paper gives an overview of a curricular 

intervention, mixed methods research study, and analysis of a four-day soft robotics curriculum 

that introduces the field, technical concepts, and allows for student experimentation and design. 

We employed a mixed methods research design to understand how the curriculum broadened 

students’ understanding of engineering, their STEM identities, and career interest. Data analysis 

aims to uncover what students learned about the discipline of soft robotics, and how they 

contextualize the lesson within their understanding of career paths in robotics, and their own 

interests. Results to date demonstrate that integrating a soft robotics curriculum in high schools 

may provide a pathway to recruit students to robotics and engineering careers. 

Introduction 

Pre-college robotics programs are common precursors to majoring in engineering [1].  However, 

gender disparities persist across engineering disciplines. The fact that girls do not participate in 

pre-college robotics at the same rate as boys has been proposed as a bottleneck for girls enrolling 

in engineering majors [2]. When girls are not part of extracurricular robotics programs, they miss 

vital opportunities to develop tinkering self-efficacy and join engineering majors including 

mechanical and electrical engineering [3]. Alternatively, bioengineering and biomedical 

engineering (BME) programs graduate ~40% women students each year [4]. Diversity in BME is 

well studied, while strategies to attract women to traditional disciplines are less successful in 

changing national trends. Literature suggests that this disparity in engineering major preference 

persists from perceptions formed prior to entering college [5]. Because of difficulties in changing 

majors once in college [5], it is critical to attract students to these majors during high school. The 

current gendered landscape in engineering led us to ask, what can be done in the pre-college 

curricula to change students’ perceptions of traditional engineering majors? 

Soft robotics is a subdiscipline of robotics that uses flexible and low modulus materials to 

develop bioinspired designs and healthcare applied robotics systems. Soft robots interface safely 

with humans by replacing hard components with mechanically programmed polymers and 

flexible electronics [6]. Previous work hypothesized that soft robotics may appeal to women 

because of its use of chemistry, biology and materials science, disciplines [7]. However, we 



believe that soft robotics will appeal to students’ pre-existing agency beliefs, and through 

investment in the design objectives, students can gain skills and confidence in robotics, and in 

turn engineering majors where women are traditionally underrepresented. Using the critical 

engineering agency theoretical framework as a lens through which we motivated this work [8], 

we designed a mixed methods study to understand the impacts of a soft robotics curriculum on 

high school students knowledge, identity, and career interests. 

Methods 

 

Intervention 

 

Previously, we implemented soft robotics curricula in a variety of K12 contexts [9], [10], [11], 

[12], [13], [14]. After a small pilot study, we updated a four-day version of the curriculum and 

research study [15], [16]. Additionally, to increase utility of the classroom modules for teachers, 

we aligned the curriculum activities with the Next Generation Science Standards (NGSS) , 

shown in Table 1. As part of Aim 1 of our NSF RIEF project, we updated our curriculum to 

represent a broad range of identities of scientists, roboticists, and engineers working in soft 

robotics with the goal of students being able to see themselves represented in the field. In 

addition to working with classroom science teachers, we worked with a librarian collaborator to 

identify age-appropriate books that highlight diverse scientists and engineers that can be 

promoted in the library and provide information supplemental to the curriculum. 

 

Table 1.  

 
 

Study Design  

Survey A quantitative survey was designed using existing, validated quantitative measures, 

combined with open-ended response questions. Based on pilot results and in consultation with 



project advisory board members, we designed a retrospective survey in the next phase of this 

work. A retrospective test is administered at the end of an implementation and asks participants 

to reflect on psychological factors and report their current perceptions for each item [17]. In this 

case, after the soft robotics implementation, students will be asked to report perceptions for the 

measures reported below “after” the soft robotics module. Then they will be asked to respond to 

the same items, but report their perception “before” starting the soft robotics curriculum. The 

difference between present (after) and retrospective (before) responses are used to calculate gain 

measure scores. Retrospective tests account for response-shift bias [18] and the Dunning-Kruger 

effect [19] that might when participants overestimate their initial perceptions, which are then 

adjusted after exposure to the topic. This may be particularly relevant for soft robotics topics in 

high schools as they are very limited in integration K12 schools. For topics that are new, reports 

cite the retrospective survey may be a better indicator of change [18]. This retrospective design 

has been used previously in a similar context, allowing us to compare our work to previously 

published results [20]. 

The quantitative measures used in this pilot are as follows: 

Identity measures: Survey items include the Persistence Research in Science and Engineering 

study [21]. These items include math identity, physics identity, and engineering identity. Each 

identity item includes: (1) two items measuring interest, (2) six items measuring 

performance/competence beliefs, (3) two items measuring recognition. 

Engineering career interest: Engineering career choice is measured with a question that asks 

students to “Rate the likelihood of choosing a career in the following” including STEM related 

careers and eight specific engineering disciplines [8]. 

Agency beliefs: Five items that measure students’ perceptions of their ability to think critically 

about engineering and use engineering to do good in the world will be included [22]. 

In the pre-survey, we asked students open-ended questions about soft robotics, engineering 

majors, and an open-ended prompt asking “Is there anything else you would like us to know?”. 



 

Qualitative Interviews Semi-structured interviews were conducted with a subset of study 

participants. The objective of the interviews was to understand individual factors that contribute 

to changes in identities and agency beliefs measured in the quantitative surveys. Further, these 

interviews aimed to understand how these factors vary across students from different 

demographics. Example questions include “What applications do you see the soft robotic actuators 

built in class being used for?”, “What is your intended career and why?”, “What is appealing/not 

appealing about engineering majors?” 

Data Collection The quantitative survey data were collected with a paper-based survey. Surveys 

will take an estimated 10 minutes to complete. All interviews were conducted in person. Interviews 

will last approximately 15 minutes and will be audio recorded. All data collection, analysis and 

storage was conducted in accordance with IRB requirements. 

Data Analysis Descriptive statistics will be calculated for all measures at each time point. 

Correlations of measures will be assessed at each time point. ANOVA and chi-square tests will 

determine demographic differences in identification. A regression model will be fit to identify 

the effect of the intervention with interest in MechE or EE majors as the dependent variable. 

Qualitative interviews will be analyzed by thematic analysis [23] and provide explanations of 

responses to quantitative survey findings. The research team will make methodological choices 

in tool development, data analysis, and interpretation based on The Q3 framework [24]. which 

draws inspiration from engineering approaches to quality management.  

Outcomes and Findings to Date 

To date we have delivered the four-day soft robotics module three times. Once as a pilot at a 

small, public high school [16] and twice at the larger, public high school of study. We have 

published on the teacher-informed curriculum to the K12 teacher community [15]. The school of 

study also now has a section of the library dedicated to stories of diverse scientists and engineers 

to support inquiry and provide resources for students outside of the science classroom in the 

library which also houses a maker space and supports student research and projects. 



In addition to implementing our curriculum at the planned high school of study, we’ve 

had the opportunity to use the intervention developed for this project in outreach contexts [9], 

[10], [14], [25], and as part of an undergraduate soft robotics course [26]. We also delivered a 

workshop for a broad community of teachers at the ASEE Pre College Engineering Education 

Pre-Conference [27]. Data analysis is underway. We see soft robotics curricula as a potential to 

increase diversity in robotics across the educational spectrum.  
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