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Exploring children’s goal orientation in engineering design activities
Abstract

This mixed-method study focuses on young children’s engagement in engineering design
activities through the lens of goal orientation. The purpose is to build evidence-based knowledge
for educators and researchers to better support children’s motivation in engineering. The
preliminary results indicate that young children (7-14 years old) have multifaceted goal
orientations while engaging in engineering activities, and their goal orientations may be related
to the context and setting of the activities (e.g., physical and social environments). The data also
indicate differences between families of historically minoritized communities and general
museum visitors and caregivers’ goal orientations for their children’s learning.

Introduction

There is a longstanding problem of the overall lack of diversity in the engineering workforce,
and the particular underrepresentation of certain gender, racial and ethnic groups, in engineering
education [1], [2]. The issue is even more pressing today given that the nature of engineering
itself has been evolving to require more collaborative and culturally-aware responses to the
complex challenges faced by modern society [3]. Even though engineering education has been
emphasizing changing student demographics over the last ten years, much of the research on
how to accomplish this has focused on efforts to shift teaching practices and to better recruit and
support diverse student bodies only in existing undergraduate, graduate, and professional training
programs, neglecting young learners’ needs and access (e.g., [4]). To address this issue, more
recent research has emphasized the importance of an early introduction to the engineering field
and recommended further programmatic investment and additional research at the primary and
secondary education levels [3], [5], [6]. This call matches a related set of findings emerging from
motivation research that sought to better understand K-12 students’ choice and pursuit of STEM
careers [7], [8]. This body of work has indicated consistently that underrepresented children and
youth are less likely to develop STEM identities or pursue career pathways than non-minority
students, especially in the field of engineering [9], and the choices made by children, especially
underrepresented children, to pursue various STEM disciplines are strongly associated with their
perceptions of self-efficacy, competence, interest, social support, and the discipline’s costs and
benefits [10], [11], [12]. Yet, despite the recognition of this issue, limited research has been
conducted on young children’s motivation in engineering education.

This study aims to address this issue by investigating young children’s motivation in engineering
through the lens of goal orientation. The importance of students’ goal orientation has been well-
studied and documented in the formal education field [13] - [16]. Goal orientation focuses on
why and how people are trying to achieve various objectives, and generally can be
conceptualized as “an end state that is centered on competence—either developing it (i.e.,
mastery-oriented) or demonstrating it (i.e., performance-oriented)” [17]. Researchers further
crossed the two orientations with approaching positive outcomes or avoiding negative ones,
leading to a two-by-two matrix of four achievement goal orientations, namely mastery-approach,
mastery-avoidance, performance-approach, and performance-avoidance. Strong evidence has
indicated the influence of goal orientation on students’ learning outcomes and academic



achievement. In particular, studies have consistently shown that mastery-approach goal
orientation is positively related to students’ deeper learning, self-efficacy, and intrinsic
motivation, leading to long-term engagement with STEM professions [17]. Studies also
suggested that a performance-approach goal orientation or multiple goal orientations can benefit
students’ achievement [18], while some studies suggested that performance-avoidance goal
orientation may be related to maladaptive learning outcomes, especially for underrepresented
students [19], [20].

In engineering education, there are a number of studies that have adopted goal orientation as a
framework to investigate engineering students’ motivation [21]. Most of these studies, however,
targeted graduate, undergraduate, or high school students, and little research has focused
specifically on younger children. Meanwhile, research on children’s engineering design and
design thinking (e.g., [22]) and related motivation constructs, such as identity or attitude (e.g.,
[23]), has increased in the past few years. Often featuring hands-on, project-based tasks and
learning experiences, engineering design activities provide opportunities for children to work on
real-world challenges using engineering tools and materials within contexts that focus on
problem-solving and systems thinking.

This study aims to bridge these two research fields—goal orientation and engineering learning--
to advance our understanding of how to foster young children’s engineering education. Given
that there is limited prior research in this area, we use a design-based approach to investigate
these research questions:

1) What are children’s goal orientations while participating in engineering design activities?
How are the goal orientations that manifest in engineering design activities related to
children’s engagement? Is there a difference between minoritized and non-minoritized
children’s goal orientations?

2) What are the potential factors that may be related to children’s goal orientations in
informal engineering experiences, such as the caregiver-child interaction, social
environment, and the setting of engineering activities?

Methods

This study is being conducted in a science museum that focuses on exploratory, visitor-centered
engineering learning experiences. The museum's immediate local communities are highly
diverse, with nearly two-thirds of the current population being foreign-born, 81% of residents
speak a language other than English at home [24], 52% are Hispanic, coming primarily from
Central and South America, and 34% are Asian. Approximately, 23% of households are living at
or below the poverty line [25]. Participants were recruited a) on the museum floor during
museum hours (including free hours), and b) through family and/or community programs that
specifically invited local families through schools and museum connections (e.g., community
appreciation events). The engineering design activities used for data collection included classic
museum-based engineering challenges: air-powered vehicles, where children use everyday
materials to design and construct a vehicle powered only by air to travel over different terrains,
and ziplines, in which children design and construct a means to deliver toy animals or other
objects of interest safely from one location to another.



The preliminary data includes 131 family visitor groups with young children ages 7 to 14 years
old M =9.71, SD = 1.94, 48% female, 37.4% are local, defined by zip codes). Data included
child and caregiver surveys, observations, and interviews. The child survey consisted of 10 items
with a 5-point Likert scale, targeting children’s goal orientation (e.g., I want to show other
people how smart I am when I am doing this activity; a performance-approach item) and
children’s perceived goal orientations of their caregivers (e.g., My parents would like it if I could
show that I do better work than other kids.). The caregiver survey consisted of 9 items targeting
caregivers’ goal orientations for their children (e.g., I would like my child to show others that
she/he is good at classwork.). The instruments were developed based on prior goal orientation
research (e.g., PALS [26]). The exploratory factor analysis of child survey data indicated that
children had an overall performance goal orientation, instead of separate performance-approach
and performance-avoidance goal orientations. The mastery avoidance goal orientation was cross-
loading with both performance-approach and performance-avoidance goal orientation but is
separated from mastery approach goal orientation. The final two-factor model—overall
performance goal orientation and mastery-approach goal orientation—yielded a good model fit
(X%(8) = 12.63, p > .05, RMSEA = .07, CF1 = .97, TLI = .94, SRMR = .05, Cronbach’s o = .70).
The caregiver survey data also yielded a good model fit with a two-factor construct—
performance-approach goal orientation and mastery-approach goal orientation for their children
(X?(24) = 45.09, p < .01, RMSEA = .08, CFI = .96, TLI = .94, SRMR = .06, Cronbach’s o
=.79). All models were estimated by using Stata 15.1.

The observation and protocol and interview questions (e.g., What were you thinking about when
you were looking at other people’s work?) for children’s goal orientations were developed based
on our pilot data through clinical interviews with children and families at the museum. For
engineering engagement, the observed engineering practices are documented via observing and
tallying indicators of behaviors exhibited by children engaging with engineering activities (e.g.,
problem-scooping, iteration, testing, and persistence). The observation protocol was based on
recent studies that observed engineering design practices in informal learning environments [27].
The final dataset will include approximately 200 participants when shared at the conference.

Results

Even though the data collection and analysis are ongoing, several patterns have emerged. First,
the descriptive statistics indicated that children had both performance and mastery goal
orientations while engaging with the activities. In addition, children had a higher score on
mastery-approach goal orientation than the overall performance goal orientation (#(1, 260) = -
3.05, p <.01). The Wilcoxon signed rack tests showed that children’s scores on perceived
performance goal orientation of their caregivers were significantly higher than perceived mastery
goal orientation (z = 3.18, p < .01, » = .20), which was opposite from caregivers’ goal
orientations for their children, showing a higher mastery-approach goal orientation than
performance-approach goal orientation (z = 8.20, p < .01, » = .51). Comparing the local families
and non-local families, the analysis showed local caregivers had significantly higher scores on
performance goal orientation for their children than non-local caregivers (z =2.31, p <.05, r
=.20). We expect these patterns will be strengthened as the number of participants will increase.
No difference was found between genders across all variables.



The correlation analysis (Table 2) showed that children’s overall performance goal orientation is
related with their mastery-approach goal orientation and their perceived performance and
mastery goal orientations from caregivers, (» = .26, .22, & .37, respectively). This suggests that
children may have both the overall performance goal and the mastery-approach goal orientation
at the same time, or may switch their goal orientations during their engagement with the activity.
It is possible that the open-ended informal engineering activities may allow and invite children to
express both kinds of goal orientation. In addition, their performance goal orientations were
related to their perception of their caregivers’ goal orientations for them. It is likely that for
young children, when they perceived their caregivers’ goal orientation, regardless if it is
performance-approach or mastery-approach, they may translate the orientations into an overall
concept that is similar to the performance goal orientation (e.g., my parents want me to do good,
and/or be better than other children). However, the data also showed that caregivers’ reported
performance goal orientation for their children is correlated with children’s own performance
goal orientation, and caregivers’ mastery goal orientation for their children is correlated with
children’s own mastery-approach goal orientation (» = .31 & .28, respectively), implying a
connection between caregivers and children’s goal orientations that is not directly related to
children’s perceptions of what their caregivers expect from them. Interestingly, both children’s
perceived performance and mastery goal orientations were significantly correlated with
caregivers’ performance goal orientation (r = .26 & .44, respectively) but not with caregivers’
mastery goal orientation for their children. This suggested that caregivers’ mastery goal
orientation (e.g., I want my child to learn about concepts) may not be perceived by young
children, but instead, caregivers’ performance goal orientation (e.g., I want my children to do
well in classes) was likely to be perceived by young children and interpreted it into both
performance and mastery goal orientations. In other words, the analyses suggest that young
children may tend to think that their parents have performance goals for them. We will use
structural equation modeling to further explore the relationship among these variables once the
data collection is completed.

In terms of observation, both the performance-approach and mastery-approach orientations were
common and easy to observe. Typical indicators for performance-approach orientation included
children making comparisons between the quality of their designs with others (e.g., “Mine is
better!””) or competing to finish their design first. Meanwhile, children often adopted a mastery-
approach orientation by expressing intentions to learn about the new materials or tools or by
sharing with others what they learned from the activities. The Wilcoxon signed rack test
indicated that more mastery-approach goal orientation behaviors were observed than
performance-approach goal orientation (z = 8.18, p <.01, » = .51). However, both performance-
avoidance and mastery-avoidance orientations were difficult to identify. As children can
disengage freely in the museum setting, it is unlikely that they would remain engaged with the
activities if they want to avoid comparison or failure. Yet, a few children’s avoidance
orientations were captured through follow-up interviews. For example, a few children were
concerned about their design not being as good or as “cool” as other children’s while engaged
with the activities. For example, when asked how they feel about testing their vehicles, a child
shared that she felt “a bit nervous” when testing in front of other children. Lastly, the observed
engineering practices had low correlations with all other outcomes (between -.01 and .15, see
Table 2.), meaning the children’s engagement with the engineering activities is not related to
their goal orientations, and it is not different between genders or local/non-local families. It is



possible that the aggregated scores of engineering practices is not sensitive enough to capture
differences in children’s engagement with different engineering practices. We will hone in on
each engineering practice (e.g., iteration, testing, etc.) in the next round of data analysis once the
full dataset is collected.

The other noticeable pattern that surfaced from the observations is the potential influence of the
social environment on children’s goal orientations. The interaction among siblings, family
members, and even other children in the same space could impact a child’s goal orientation. For
example, we observed several times that the oldest child in a family group wanted to ensure their
design is the best or better than their younger siblings’ designs. Some of the oldest children also
shared that their ideas are better than their siblings and their siblings often “copy” their work. We
also observed different types of caregiver-child interactions that may contribute to children’s
engagement with the activities and their goal orientations. For example, caregivers may be
directive when helping their children to build and test their designs by calling attention to
whether or not their children’s designs successfully passed the engineering challenge (e.g., if the
designs slid through the ziplines), and as a result contributing to their child’s performance goal
orientation. Given this is an exploratory study, we are using an inductive approach [28] to
generate themes of these social interactions to triangulate factors that may contribute to
children’s goal orientations in these engineering design activities.

Discussion

This study provides a unique opportunity to use the goal orientation framework to explore
children’s engagement with informal engineering design activities. Since the data collection is
still ongoing, the following discussion is based on the results from the preliminary dataset.
Compared to prior research conducted in formal education that often focuses on semester-long
impacts, the preliminary results show that children often have mixed and dynamic goal
orientations while engaging in much shorter engineering design activities. However, young
children conceptualized an overall performance goal orientation and a mastery-approach goal
orientation, instead of having the theoretical two-by-two matrix of four goal orientations
typically applied to formal educational settings. For the overall performance goal orientation, the
merge of performance-approach and performance-avoidance goal orientation may be due to the
nature of the informal learning environment and of the design activities, in which children are
constantly testing and iterating their design publicly, and therefore have ample and dynamic
opportunities to compare their designs with others. In addition, given that there are no
standardized outcomes or scores to identify success in these activities, children were free to
choose what they would like to compare with others and which performance goals they focused
on. For example, in the air-powered vehicle activity, a child may be concerned about whether
their vehicle moved across the track like other children’s designs (i.e., performance-avoidance)
and at the same time also want to ensure their vehicle looks the coolest (i.e., performance-
approach). For mastery goal orientations, the mastery-avoidance goal orientation was closely
related with performance orientations. This may be due to the overarching component across
these survey items, such as fear of failure (see [17]). Mastery-avoidance may also be challenging
for young children to reflect on since it requires a sense of their own learning ability. What was
clear in our preliminary data is that children seemed to have little difficulty in understanding and
separating performance-approach and mastery-approach goal orientation.



While no differences in goal orientations were observed between local and non-local children in
the current dataset, there was a difference between caregivers’ self-reported goal orientations for
their children, in which local caregivers often focused more on performance-approach goal
orientation than non-local caregivers. In contrast, children perceived a higher performance-
approach goal orientation than a mastery-approach goal orientation from their caregivers, and
their perceived goal orientations were significantly correlated with caregivers’ performance goal
orientation but not mastery goal orientation. The differences between local and non-local
caregivers’ goal orientations for their children matched our prior experiences engaging with
local, immigrant families who often come to museum experiences with their own set of beliefs
about learning and education, and expectations for how they should interact and engage with
museum exhibits and educators [29], [30]. This is particularly important as our qualitative data
indicated that children’s goal orientations may be influenced by their families and social
environments, similar to findings in prior studies [31]. These findings highlight the continuing
work for museums and science centers to better understand and support caregivers’ agency and
embrace diverse and inclusive approaches in their science communication with families.

In terms of engineering education, the study illustrates the complexity of young children’s
experiences and motivation while engaging with engineering design activities. Even in the one-
time, drop-in informal learning setting, most children we targeted in this study actively tested
and iterated their designs, focusing on one or more challenges in their designs (e.g., the size of
the carrier that needs to fit the animals and the carrier’s attachment to the ropes in Zipline
activity), using various tools and materials (e.g., cardboard, string, chopsticks, etc.). This
experience of designing, constructing, and testing solutions to engineering problems may build
on children’s prior knowledge as well as their attitudes and motivation toward STEM [22], [23].
In addition, this study extended our understanding of children’s motivation in engineering by
looking beyond classrooms and investigating how caregivers and siblings may also play a
significant role in shaping children’s engineering learning experiences. As the engineering field
has increasingly emphasized the importance of early exposure to design thinking and problem-
solving, more research is needed to better understand how these early experiences may support
and contribute to children’s motivation and foster engagement with engineering and STEM
career paths, especially for historically underrepresented children [3], [5].

By using the mixed-study approach, this study provides a unique opportunity to investigate
young children’s goal orientations in the context of engineering design activities. As we are still
in the process of data collection, the results will be updated and presented at the conference. We
will also share strategies and lesson-learned about selecting and designing engineering activities
that may encourage different goal orientations, which can be beneficial for program, exhibit, or
activity developers and designers. Limitations of the project design and study method will also
be discussed. The results will yield new insights for future researchers and educators to better
support children, especially historically minoritized children, to engage with engineering and
pursue STEM career paths.
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Table 1. Descriptive statistics

Variable Mean SD Range  Shapiro-Wilk W
Child survey
Age 9.71 1.94 7-14 .99
Overall performance GO 3.33 .69 1.5-5 .99
Mastery approach GO 3.60 76 2-5 .99
Perceived performance GO 3.71 .92 1-5 Q5%
Perceived mastery GO 3.38 95 1-5 .99
Observed performance GO .76 1.05 0-4 91%*
Observed mastery GO 1.78 91 0-4 .99
Observed engineering practices 2.47 1.05 0-4 .99
Caregiver survey
Caregiver performance GO 3.64 .87 1-5 98*
Caregiver mastery GO 4.50 57 3-5 93 #*
Note. GO = goal orientation. *p < .05, **p <.01
Table 2. Correlation among variables
Variable 2 3 4 5 6 7 8 9
1. Overall performance GO 26%  22%  37%* 04 .06 02 31% .06
2. Mastery approach GO 16 .02 .00 13 A5 .07 28%*
3. Perceived performance GO A44%% .02 .07 -03 26%* .04
4. Perceived mastery GO -06 -.08 -04 44%* -05
5. Observed performance GO .02 -.01 .05 .09
6. Observed mastery GO A1 00  -.02
7. I())r‘t;iiir::sd engineering 02 13
8. Caregiver performance GO A2



9. Caregiver mastery GO

Note. GO = goal orientation. *p < .05, **p <.01



