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Engineering is an important STEM career and a critical life skill, helping individuals to solve problems and 

create solutions in school, work, and life. Unfortunately, the engineering field suffers from a lack of diversity 

(Brophy et al., 2008; Hill et al., 2010; NSB, 2016) and many individuals from traditionally underserved and under-

resourced communities do not have access to high-quality engineering learning experiences. Diversifying the 

engineering workforce and ensuring that individuals from all backgrounds have the engineering skills to succeed 

in work and life requires (a) providing quality engineering learning opportunities for all from the earliest age and 

(b) building children’s and families’ interests in engineering to motivate ongoing engagement and learning. 

STEM-related interests form well before children enter school and have implications for long-term engagement 

(Alexander et al., 2012; Crowley et al., 2015; Maltese & Tai, 2010). We still understand very little, however, 

about how these early interests develop and how they can be supported (Alexander et al., 2015; Pattison & 

Dierking, 2017). 

In this paper, we summarize the results of the two-year, National Science Foundation-funded Head Start 

on Engineering (HSE) project,1 designed to study and support engineering-related interest development for 

preschool children and their families from low-income backgrounds participating in Head Start.2 Low-income 

communities face ongoing barriers to accessing STEM learning resources and pursuing STEM-related careers 

(Bassok et al., 2016; Crisp & Nora, 2012; Gershenson, 2013; NSF, 2016; ED, 2014). Quality family interventions in 

early childhood are a critical approach to addressing these barriers (McClure et al., 2017; NASEM, 2016; NRC, 

2009) and have been shown to have long-term, positive impacts on families well beyond success in school 

(Garcia et al., 2016; Gertler et al., 2014; Grantham-McGregor & Smith, 2016; Heckman, 2012). 
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Theoretical Framework 

In order to understand how engineering-related interests develop in early childhood for low-income families, 

this study applied a systems perspective to family learning. Interest is a complex, motivational construct that 

drives human behavior (Renninger & Hidi, 2011; Silvia, 2006), including choices about engaging with STEM 

topics, activities, and careers (Azevedo, 2015; Renninger, 2007; Renninger et al., 2015). According to the four-

phase model of interest development (Hidi & Renninger, 2006), interest begins as a spark of emotion in a 

specific moment that compels us to engage, explore, and find out more about a particular topic, object, or 

activity. If sustained, this initial “situational interest” can develop into a more enduring predisposition to engage 

and learn. Through this process, the positive emotion becomes linked to a constellation of related constructs, 

including knowledge, values, skills, and awareness, all of which are influenced by new interest-related 

experiences and, in turn, motivate further engagement (Renninger & Su, 2012). 

To date, interest has primarily been described as an individual-level construct. In early childhood, 

however, learning and development are arguably best conceptualized as multi-directional and distributed (NRC, 

2000; Pattison et al., 2016; Sameroff, 2009). In other words, (a) parents and other significant adults change and 

learn in parallel with children and (b) learning and development are facilitated or supported by adults as 

children gradually develop more skills, knowledge, autonomy, and self-regulation (Hume et al., 2015; Martin et 

al., 2013; NASEM, 2016; Pattison, 2014; Rogoff et al., 1993; Vygotsky, 1978). More than static inputs or 

contextual variables, parents must be seen as learning partners in ongoing STEM interest pathways (Crowley et 

al., 2015; Pattison, 2014; Pattison & Dierking, 2017). Parent-initiated experiences support children’s interests 

(Ainley & Ainley, 2015; Barron et al., 2009), which subsequently influence the nature and outcomes of parent-

child experiences (Malin et al., 2014), such as when a child develops an area of expertise and parents respond by 

providing new resources, offering encouragement, and learning about the topic themselves (Crowley et al., 

2015; Crowley & Jacobs, 2002). Unfortunately, early childhood researchers have been slow to embrace this 

perspective or develop the methodological tools to understand the family as a system (Cabrera et al., 2014). 

Drawing from ecological and system theories (Bronfenbrenner, 1979; Davis & Sumara, 2006; Hutchins, 2006; 

Pattison et al., 2016; Zuiker et al., 2016), therefore, has the potential to shed new light on the process of interest 

development in early childhood. 

 

Research Questions 

Viewing the family as a learning system suggests a different way of thinking about interest development and the 

changes that might occur as adult and child family members become exposed to a new topic like engineering. 

Rather than focus solely on the child, we might expect changes in both children and parents,3 with some aspects 
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of interest distributed across both children and adults (e.g., positive affect, motivation to re-engage) and some 

unique to either the adult or child (e.g., age-appropriate skills and knowledge, adult awareness of and value for 

the topic). These changes in children and parents are likely interrelated in complex ways, with the directionality 

and timing of the relationships not always clear or measurable (Martin et al., 2013). Furthermore, we might 

expect phases of interest development, as described in the four-phase model, to be characterized by shifts in 

both parents and children. Guided by this perspective, we sought to address the following research questions: 

1) What does early childhood engineering-related interest development look like for parents and children 

participating in the HSE program, as viewed from a systems perspective? 

2) What are the critical components and distinguishing characteristics of this evolving system? 

3) How do family interest systems change during and after their participation in HSE? 

 

Because emerging studies with young children highlight the important shift from situational interest to 

more enduring individual interests (Alexander et al., 2015; Pattison, 2014), our study focused on indicators of 

enduring family-level interests that emerged during the program. Aligned with HSE, we focused on interest 

related to the engineering design process, rather than the field of engineering. This process represents a topic 

and skill that is highly relevant to the everyday lives of families, helps make engineering feel approachable, and 

easily connects to early childhood play and learning practices. Building on prior research and the Engineering is 

Elementary program (Dorie et al., 2014; Lachapelle & Cunningham, 2014; Svarovsky et al., In press), HSE 

introduces families to story-based engineering design challenges and highlights the cyclical process of 

engineering design (ask, imagine, plan, create, improve). 

 

Methods 

The study was conducted as part of the HSE project, based in Portland, OR, and lead collaboratively by the 

Institute for Learning Innovation, Mt. Hood Community College Head Start, Oregon Museum of Science and 

Industry, and University of Notre Dame (Pattison et al., 2017). HSE is a multi-component program integrated 

into the wrap-around services of Head Start and designed to prepare low-income families with young children 

(ages 3 to 5) for a world where science and engineering are ubiquitous. The program provides comprehensive 

services for parents, children, and Head Start staff, including professional development for preschool educators, 

four take-home engineering activity kits for families, three parent workshops, preschool classroom curricula, and 

rigorous assessment and program improvement (see Figure 1). The program is aligned with best practices in 

parent- and family-based early childhood interventions, including viewing parents as equal partners, tailoring 

interventions to family needs, and integrating services (NASEM, 2016).  
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Figure 1. Head Start on Engineering program components and theory of action. 

 

During the 2016–17 school year, the research team recruited 15 families (over half of whom spoke 

Spanish at home) and followed their interest develop pathways over the course of approximately six months. 

Three researchers (two of whom were bilingual, Spanish/English) were each assigned five families to follow 

closely. Data collection with each family included an initial informed consent meeting and background interview, 

researcher observations and video recordings of all program events, two home visits during which researchers 

interviewed parents and children and videotaped the families engaging with the take-home activity kits, and a 

final phone call with parents at the end of the program. The researchers also collected secondary data through 

images and objects shared by families, teacher journals about the children’s experiences in the classroom with 

the HSE activities, and evaluation feedback from staff and participants. 

Following a multiple case study approach (Stake, 2006; Yin, 2018), the team developed in-depth case 

study reports for nine of the participating families (selected to represent the diversity of participants and 

program experiences) that detailed: (a) the families’ experiences throughout the programs, (b) evidence of 

interest development after each parent workshop and at the end of the program, (c) evidence of changing 

characteristics of parent-child interactions through analysis of the video data from the home visits, and (d) 

family, program, and context factors that potentially shaped the unique interest pathways of each family. These 

case studies were then iteratively reviewed to identify emergent themes within and across families, with a 

particular focus on understanding and operationalizing the family-level interest development system. 
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Findings 

All families that participated in the HSE program showed some evidence of engineering-related interests 

catalyzed by the program activities. The qualitative, cross-case analysis highlighted three aspects of family-level 

interest development that varied across families and over time: (1) parent awareness, knowledge, and values; 

(2) family re-engagement with engineering activities; and (3) family use of the engineering design process. 

Within each of these categories, we identified important shifts that were observed in a subset of the families 

and that potentially signal movement to deeper, sustained levels of engineering interest. These categories and 

critical shifts are outlined in Table 1 below. 

 

Table 1. Overview of case study themes related to the evolving family interest development system. 

Change in Family System Description Evidence of Critical Shift 

(1) Parent awareness, 
knowledge, and values 

Through the parent interviews and the 
videotaped parent-child interactions, we 
observed parents broadening and deepening 
their understanding of the engineering 
design process, increasing their confidence 
with the topic of engineering, and 
developing an appreciation of the relevance 
of engineering to daily life and their 
children’s learning and development. 

Seeing engineering everywhere—Several 
parents reported how their broadened 
perspectives on engineering helped them 
see engineering and the engineering design 
process in daily life. This may represent an 
important shift since it allows families to 
incorporate engineering beyond a specific 
program and connect the topic with other 
family interests. 
 

(2) Family re-engagement 
with engineering 
activities 

Beyond situational interest, all families 
reported re-engaging with HSE program 
materials and activities. Some families 
incorporated these activities into regular 
family routines and some reported seeking 
out new engineering-related resources and 
learning experiences beyond HSE. This re-
engagement was motivated by parents, 
children, or both, depending on the family. 
 

Going beyond HSE activities—Several 
families began to seek out or develop new 
engineering-related activities beyond those 
provided in the program. This may represent 
an important shift since it indicates a 
developing interest in the broader topic 
engineering design thinking. 

(3) Family use of the 
engineering design 
process 

Analysis of the videotaped in-home parent-
child interactions with the HSE activities 
highlighted ways parents and children 
incorporated this process into their 
interactions (e.g., planning and 
improvement). Interviews also highlighted 
changing parent perspectives on engaging 
and interacting with children, such as 
appreciating that there is “no wrong way” to 
solve an engineering design challenge. 

Taking on new roles—Several families also 
reported taking on teaching roles during 
interactions with the HSE activities, such as 
in the classroom or with friends. In other 
words, they facilitated the engineering 
design process for others, rather than simply 
using it themselves. This role change may 
represent an important shift in terms of new 
skills and identities related to the interest 
development process. 
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Conclusion 

The goal of this study was to document and explore how families with preschool children from low-income 

backgrounds become interested in the engineering design process through their participation in the HSE 

program. A systems perspective was useful for capturing the ways that interest development was distributed 

across parents and children and for identifying critical shifts that potentially signal movement to more enduring 

phases of engineering-related interest development. 

Reflecting on the utility of this theoretical perspective, conceptualizing the family as an interest system 

avoided essentializing parents as “contextual factors” and instead highlighted ongoing, interrelated changes in 

parents, children, and parent-child interactions. Extending the four-phase model (Hidi & Renninger, 2006), some 

elements of interest development, such as motivation to re-engage with the topic of interest or broadening the 

focus beyond the program activities, were observed across the whole family. Other elements were unique to 

adults, including awareness and knowledge of the engineering design process. These unique adult elements may 

be critical for extending interests at this early age and creating intentional connections between interest-related 

experiences (Pattison, 2014). 

On the other hand, operationalizing this perspective presented many challenges. Traditional data 

collection techniques, such as parent surveys, provide only one perspective on the family system and other 

strategies, such as videotaping and home visits, are more expensive and difficult to implement on a large scale. 

Moving forward, we hope to develop a suite of tools for quantifying the elements of family interest 

development identified in this study, tracking these elements over multiple years as children enter kindergarten, 

and measuring the long-term impact of HSE. Ultimately, we believe a family systems perspective on interest 

development can not only advance our theoretical understanding of interest, but also help us to develop more 

holistic and effective programs for engaging families with young children in STEM. 
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Notes 

1 This material is based upon work supported by the National Science Foundation under Grant No. 1515628. Any opinions, findings, and conclusions or 

recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation. 

2 Head Start, administered within the Administration for Children and Families in the U.S. Department of Health and Human Services, provides services 

that promote school readiness among children under five living in poverty. Families are eligible to participate in the program if their household income is 

below 100% of the federal poverty line, they receive income-based public assistance, they are enrolling a foster child, or they are classified as homeless. 

3 In this paper, we use the term “parent” broadly to include any primary adult caregiver in a child’s life, whether or not this adult is the biological parent of 

the child. 
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